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Bridging the ambition gap in climate policy:

The emissions reduction potential of bilateral emissions

trading under Article 6.2 of the Paris Agreement

Christoph Böhringera, Carsten Helma, Laura Schürera

Abstract

Countries’ current Nationally Determined Contributions (NDCs) under

the Paris Agreement leave a substantial gap to the emissions reductions needed

to limit global warming to 2°C. Böhringer et al. (2025) showed the large emis-

sions reduction potential of global emissions trading even if countries choose

their tradable emissions reduction contributions strategically as mutual best-

response strategies. However, the prospects for a global trading system appear

rather bleak. By contrast, countries have already started to trade emissions re-

ductions in bilateral agreements under Article 6.2 of the Paris Agreement.

Even though bilateral agreements may appear to be a significant restriction at

first glance, they prove to be quite effective in terms of global emissions re-

ductions when strategic choices of tradable emissions reduction contributions

are taken into account. Numerical simulations based on empirical data show

that the most effective bilateral trading club – consisting of South Korea or

Europe and China – increases global emissions abatement from 17% (relative

to BaU) without trading to 30%, and exploits 80% of the emissions reduction

potential of a global trading system.
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1 Introduction

The Nationally Determined Contributions (NDCs) submitted by countries to date
under the Paris Agreement are far from sufficient to achieve the emissions reduc-
tions needed to limit global warming to at least 2° C. Böhringer et al. (2025) showed
that global emissions trading has the potential to close this ambition gap even if each
country chooses its tradable emissions reduction contributions non-cooperatively,
provided that countries can commit to not accepting countries that violate their
NDCs as members of the emissions trading system. However, their analysis is re-
stricted to the case where all countries participate in a comprehensive global emis-
sions trading system. Unfortunately, such a global trading system seems unlikely at
present.

At the same time, there is a clear trend towards bilateral agreements for trading
emissions reductions under Article 6.2 of the Paris Agreement. Article 6.2 en-
ables the “use of internationally transferred mitigation outcomes [ITMOs] towards
nationally determined contributions” and the rules for bilateral emissions trading
were finalized at the 29th Conference of Parties (COP 29) in Baku in 2024. This has
created the conditions for exploiting the potential of emissions trading to achieve
a more cost-efficient climate policy. As of 14 July 2025, 35 bilateral agreements
for the cooperation under Article 6.2 have been signed and 75 more have been ini-
tiated, with 61 different countries involved (UNEP Copenhagen Climate Centre,
2025). Also the European Commission’s proposal for a 2040 climate target is more
open than in the past with regard to the at least limited use of high-quality inter-
national credits under Article 6.2. Moreover, some countries have explicitly tied
the use of ITMOs to more ambitious climate targets. For example, Brazil considers
enhancing its NDC 3.0 target (from -59 % to -67 % by 2030 relative to 2005) using
ITMOs generated in Brazil to attract international investment (Erbach & Hourdin,
2025). However, it should be noted that most of these activities, whether planned
or already in progress, have so far concerned smaller projects such as those under
Japan’s Joint Crediting Mechanism, rather than comprehensive emissions trading
agreements that we analyze in this paper.

Looking at non-cooperative choices of tradable emissions allowances, Helm (2003)
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showed that the efficiency gains from emissions trading do not automatically trans-
late into higher overall abatement if countries with low concern for climate damages
allocate themselves a large number of allowances. To move closer to the coopera-
tive first-best within such a non-cooperative second-best environment, several ap-
proaches have been discussed. Carbone et al. (2009) expanded the model by Helm
(2003) by allowing trading coalitions to block the entry of countries that would
choose to allocate excessive allowances. Another line of research emphasizes the
role of reputational mechanisms (e.g., naming, blaming, and shaming), whereby
international assessments, monitoring by non-governmental organization, and do-
mestic electoral incentives can push governments towards more ambitious pledges
(Dannenberg et al., 2023; Koliev et al., 2023). A further strand highlights issue
linkage, e.g., coupling climate commitments with technology cooperation or trade
agreements to improve incentives for cooperation (Carraro & Siniscalco, 1995,
1998; Kemfert, 2004). Our paper builds on Böhringer et al. (2025), who analyzed
an NDC-constrained Nash model but focused on a comprehensive global emissions
trading system. Our analysis shows that even small bilateral trading clubs can un-
lock a large share of the emissions reductions of a global trading system. In this
context, research on linking emissions trading schemes (Borghesi & Zhu, 2020;
Flachsland et al., 2009a, 2009b; Rose et al., 2018) points to a practical pathway to
implement such bilateral cooperation under Article 6 of the Paris Agreement.

Against this background, our research focuses on the potential of bilateral trading
under Article 6.2 to foster more restrictive NDCs with higher global emissions re-
ductions than would be the case without emissions trading. To quantify the effects
of bilateral emissions trading clubs, we conduct numerical simulations based on
empirical data for a setting as in Helm (2003) in which countries choose their trad-
able emissions reduction contributions non-cooperatively as mutual best response
strategies. The quantitative results show that bilateral emissions trading can already
be very effective in raising countries’ climate ambitions. The most effective bilat-
eral trading clubs—in which China is trading with Europe or, alternatively, South
Korea—increases global emissions abatement from 17% in the no-trade case (i.e.,
a situation where countries achieve their NDCs through domestic action only) to
almost 30% as compared to BaU emissions levels. Remarkably, each of the two
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bilateral agreements already achieves 80% of the total abatement potential of a
comprehensive global trading scheme. China, with its large emissions base and
low-cost abatement options is best suited for achieving substantial global emis-
sions reductions through bilateral emissions trading—the six most effective (top 6)
clubs, which achieve global emissions reductions of between 30% and 25%, all
have China as a trading partner. The other trading partner should then be a region
with a high willingness to pay for abatement and high costs of implementing abate-
ment domestically, such as Europe or South Korea. Overall, our analysis indicates
that even a single bilateral emissions trading agreement could put greenhouse gas
emissions reductions back on track to achieve the 2°C target.1

The remainder of this paper is structured as follows. Section 2 lays out the theo-
retical model for describing climate policy decisions by individual countries in a
non-cooperative environment. Section 3 presents the data for parameterizing the
theoretical model for quantitative simulation analyses. Section 4 discusses simu-
lation results with a focus on single bilateral trading clubs. Section 5 extends our
analysis to the case of multiple co-existing bilateral clubs. Section 6 concludes.

2 Theoretical model

We consider a set of I countries (or regions), indexed i = 1, ..., I. They are charac-
terized by increasing, strictly convex abatement costs functions, ci(ai), and linear
benefit functions, bia, where ai is abatement (i.e., emissions reductions) of coun-
try i, a = ∑

I
i=1 ai is the overall (global) abatement level that determines climate

damages, and bi > 0 are country-specific marginal benefits of abatement. The as-
sumption that benefits of abatement are linear in emissions is widely used in the
literature not just because it facilitates the analysis, but also because it is fairly well
aligned with the science of climate change. As Golosov et al. (2014, p. 78) puts it:
“Linearity is arguably not too extreme a simplification, since the composition of a

1For the top 6 bilateral trading clubs, average global 2030 CO2 emissions are lower than the
global CO2 emissions from energy consumption averaged across the the various 2°C pathway sce-
narios of the integrated assessment models provided by IIASA’s AR6 Scenarios Database (Byers
et al., 2022).
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concave S-to-temperature mapping with a convex temperature-to-damage function
may be close to linear” (see also Traeger, 2023; Van den Bijgaart et al., 2016).

In the non-cooperative solution without international emissions trading, to which
we refer to as scenario no-trade, each country maximizes the difference between
its benefits and costs of domestic abatement. The resulting Nash equilibrium abate-
ment levels, aN

1 , . . . ,a
N
I , satisfy the familiar condition that each country equalizes

its marginal costs and benefits of abatement,

c′i(a
N
i ) = bi, i = 1, . . . , I. (1)

Furthermore, we follow the argument by Böhringer et al. (2025) that, because coun-
tries are free to set their NDCs, these NDCs primarily reflect individually rational
Nash behavior (see also Barrett, 2016; Dimitrov et al., 2019). We therefore asso-
ciate the abatement levels, aN

1 , . . . ,a
N
I resulting from Eq. (2) with countries’ NDCs.

The solution of scenario no-trade is inefficient because damages in other countries
are ignored and marginal abatement costs are not equalized. Emissions trading
addresses the second issue. At the same time, choosing tradable emissions reduc-
tion contributions (“permits”) rather than abatement also changes countries’ strate-
gic incentives (see Helm, 2003): Countries with high benefits of abatement raise
their emissions reduction contributions, as they can now achieve them by exploit-
ing lower costs abatement options in other countries. By contrast, countries with
low benefits of abatement choose lower emissions reduction contributions in or-
der to sell their reduction potential on the international permit market. However,
Böhringer et al. (2025) have argued that even though the NDCs are not legally
binding, it is difficult to imagine that countries which increase their NDCs as a
member of the trading system would accept that others reduce their NDCs upon
joining. In particular, such behavior would go beyond simple free-riding on emis-
sions reductions because the “hot air” from reduced NDCs comes down to printing
money at the cost of others. It would also be in conflict with Article 6.1 of the
Paris Agreement according to which the use of ITMOs in the implementation of
NDCs is intended to “allow for higher ambition in their mitigation [...] actions”.
We therefore assume that countries will adhere to their NDCs as a lower bound for

5



their tradable emissions reduction contributions, as otherwise they would not be
accepted as members of the trading club.

While Böhringer et al. (2025) only considered a comprehensive global trading sys-
tem, in this paper we focus on the more realistic situation in which some countries
form bilateral coalitions, referred to as “trading clubs”. The countries outside a
trading club continue to choose domestic abatement as under scenario no-trade,
thus equalizing their marginal costs and benefits of domestic abatement. More-
over, from (1) these choices do not depend on the behavior of trading clubs because
benefit functions are assumed to be linear.

We denote by K the set of countries outside a trading club, and by L the set of
countries that become members of a bilateral trading club; hence K ∪L = I. Using
index l for a bilateral trading club, a country i that is a member of trading coali-
tion l chooses its tradable emissions reduction contributions (ERCs), ωi, so as to
maximize its own net benefits after trading:

max
ωi

bia− ci(a∗i (ωl))− p∗l (ωl)(ωi −a∗i (ωl)) s.t. ωi −aN
i ≥ 0, (2)

where ωl are total ERCs of the two members in trading club l, a∗i (ωl) is after-
trade equilibrium abatement of country i as a member of trading club l, and p∗l (ω)

is the equilibrium price of tradable ERCs in trading club l. Accordingly, mem-
bers of bilateral trading clubs not only account for the benefits and costs of abate-
ment, bia− ci(a∗i (ωl)), but also for revenues or expenditures from trading ERCs,
p∗l (ωl)(ωi−a∗i (ωl)), thereby respecting the NDC constraint ωi−aN

i ≥ 0. Moreover,
when choosing their tradable ERCs, countries anticipate that after-trade abatement
a∗i (ωl) and the permit price p∗l (ωl) follow from the conditions that (i) for each trad-
ing club member marginal abatement costs equal the permit price, c′i(a

∗
i (ωl)) =

p∗l (ωl), and (ii) the permit market clears, ∑i∈Ll
a∗i (ωl))−ωl = 0, where Ll is the

set of members of trading club l. The constrained maximization problem in (2)
then yields the Karush-Kuhn-Tucker conditions for all i ∈ L (µi is the Lagrangian
multiplier)2:

bi − p∗l (ωl)− p∗
′

l (ωl)(ωi −a∗i (ωl))+µi = 0, (3)

2All second-order conditions are trivially satisfied given our curvature assumptions.
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ωi −aN
i ≥ 0, µi ≥ 0, µi

(
ωi −aN

i
)
= 0. (4)

We call this the solution of scenario strategic. In comparison to the Nash equi-
librium without trading in (1), marginal abatement costs now depend on the permit
price p∗l (ωl). Moreover, there is an additional effect as reducing ERCs makes abate-
ment less demanding and, thus, lowers the permit price at which ERCs are traded;
and vice versa if ERCs are raised.3 Finally, µi is the shadow price if the NDC
constraint binds.

Adding up the first-order conditions (3) for trading club members and using c′i(a
∗
i (ωl))=

p∗l (ωl) yields ∑i∈Ll
bi = ∑i∈Ll

[
c′i(a

∗
i (ω

N
l ))−µi

]
, where superscript N indicates the

Nash equilibrium in tradable ERCs. Doing the same with the first-order condi-
tion (1) for the case without trading yields ∑i∈Ll

bi = ∑i∈Ll
c′i(a

N
i ) so that in both

Nash equilibria, with and without trading, aggregate marginal benefits and costs
of abatement are equalized, plus the corrective terms µi if the NDC constraint
binds. This shows that the difference between the two solutions is mainly due to the
fact that trading achieves greater emissions reductions by implementing them cost-
effectively through the equalization of the marginal costs of emissions reduction
between trading partners. In the remainder of the paper, we use a numerical sim-
ulation model based on empirical data to compare the outcomes without and with
trading that result from the first-order conditions (1) and (3) to (4), respectively.

3 Data

The region-specific data required for model parametrization consist of (i) business-
as-usual (BaU) emissions, (ii) marginal abatement cost (MAC) curves, and (iii)
NDCs for emissions reductions.4 The data on BaU emissions and MAC curves are

3Formally, p∗
′

l (ωl) =
(

∑i∈l
1

c′′i (ai)

)−1
> 0 follows from the equilibrium conditions on the permit

market (see Helm (2003)).
4When discussing data inputs and simulation results, we use the term “regions” instead of “coun-

tries” to reflect that our empirical dataset covers 14 geopolitical regions consisting of both individual
countries and aggregates of several countries. The regions are treated as unitary actors so that emis-
sions trading within these regions, e.g., under the EU ETS, is consistent with the assumption of
purely domestic abatement in scenario no-trade .
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taken from the 36th study of the Energy Modeling Forum (EMF36) on “Carbon
Pricing After Paris”, which uses the year 2030 as a milestone year for measuring
the impacts of the Paris Agreement compared to a business-as-usual (BaU) sce-
nario without the Paris Agreement in place (EMF36, Böhringer et al., 2021). In
the EMF36 study, several international expert modeling teams provided data for 14
geopolitical regions on how incremental CO2 emissions pricing leads to regional
emissions abatement in their respective models, accounting for different abatement
options such as fuel switching, energy efficiency improvements, and energy sav-
ings.

Böhringer et al. (2025) used these data to derive regional MAC curves for each of
the nine EMF36 models based on a least-square fit to polynomial functions of third
degree, c′i(ai) = k1iai+k2ia2

i +k3ia3
i , where k1i,k2i,k3i are the coefficients for region

i.5 Figure 1 visualizes the average of these curves, indicating substantial differences
in the ease of substituting CO2 emissions across regions due to differences in CO2

intensity, fuel mixes of CO2-based energy carriers (oil, coal, gas), initial energy
price levels, or pre-existing emissions regulations.

Table 1 shows the region-specific BaU CO2 emissions from fossil fuel combustion
in 2030 and the NDCs as an average value across the EMF36 models. To calculate
the region-specific emissions reduction commitments under the Paris Agreement,
we start from the unconditional Nationally Determined Contributions (NDCs) sub-
mitted by Parties to the UNFCCC up to 2023 (UNFCCC secretariat, n.d.). From
these official documents we derive information on each country’s NDC pledge, base
year, target year, greenhouse gas coverage, and target type. Most countries have set
their targets as percentage reductions of total GHG or CO2 emissions relative to a
historical base year or relative to a future BaU scenario base year. Others, including

5In Appendix A, Table 3 describes the modeling teams and model acronyms, and Table 4 de-
scribes the 14 geopolitical regions in the dataset with their explicit denotations, 3-letter codes, and
the constituting countries (for composite regions). Table 6 shows the fitted coefficients for the nine
datasets provided by the modeling teams. Of the 14 regions, we consider 10 as sufficiently homo-
geneous jurisdictions to join a bilateral trading club (see below), resulting in 45 potential clubs. Our
meta-analysis thus covers nine datasets for each of the 45 potential bilateral trading clubs, yield-
ing 405 combinations. In four of these—club KOR-CHN using model CEPE, BRA-CHN using
model ICES, CAN-CHN using model ICES, and JPN-CHN using model ICES—numerical corner
solutions occurred that were not taken into account in the analysis.
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Figure 1: Marginal abatement cost curves (averaged across EMF36 models)

For region keys see Table 1.

the bigger emitters China and India, have defined their targets in terms of emissions
intensity of GDP.

Following the approach of Böhringer et al. (2021), we translate all NDCs into equiv-
alent percentage reductions in CO2 emissions from fossil fuel combustion relative
to 2030 BaU emissions levels. When the NDC target year differs from 2030, the
implied percentage reduction gets linearly extrapolated or interpolated. For coun-
tries with NDCs covering all GHGs rather than CO2 only, we apply region-specific
scaling factors based on Kitous et al. (2016).6 For the composite regions in our
analysis we aggregate the individual targets by the constituting countries. Overall,
the updated NDCs as of 2023 imply global emissions reduction for the no-trade

case of 17.3% from 2030 BaU emissions levels.

The EMF36 study does not provide monetary estimates for climate damages from

6China has committed to reducing the emissions intensity of GDP “by over 65%” from the
2005 level. This leaves some room for interpretation and we used the specific value of 66.2% that
corresponds to a reduction target of 5% from BaU. Since Brazil is a special case with a relatively
high share of non-CO2 emissions, Brazil’s target was based on an expert estimate in the EMF36
study. Given that Brazil’s 2023 NDC update implies a 10% higher GHG emission reduction, we
scale this estimate accordingly.

9



Table 1: Average BaU CO2 emissions and NDCs

Region Region
code

2030 BaU CO2
emissions (mean)

NDC 2023
emissions reductions

Mt % from BaU
global 31834.6 17.3
Africa AFR 1233.5 8.6

Australia & New Zealand ANZ 447.2 4.5
Brazil BRA 456.8 20.8

Canada CAN 553.1 30
China CHN 8172.9 5

Europe EUR 3821.4 37.2
India IND 3070.4 8.5
Japan JPN 922.5 23.0

South Korea KOR 590.5 45.2
Middle East MEA 2153.5 9.3

Other Americas OAM 1318.9 10.3
Other Asia OAS 3037.1 24.0

Russia RUS 1418.7 1.3
United States USA 4638.1 31.5

Sources: EMF36 (Böhringer et al., 2021) and own calculations. See Table 4 in Appendix A for the country composition of

aggregate regions.

CO2 emissions, the so-called social costs of carbon (SCC). The literature based on
integrated assessment modeling offers a large range for SCC estimates (Metcalf &
Stock, 2017; Wang et al., 2019). However, specific SCC estimates are highly dis-
puted because many effects of climate change are still subject to larger uncertain-
ties, and the translation of these effects into aggregate monetary values depends on
controversial value judgments (Pezzey, 2019; Rennert et al., 2022) For our analysis,
we follow the argument in Böhringer et al. (2025) that the voluntary NDCs submit-
ted by countries under the Paris Agreement essentially codify individually rational
Nash behavior and, thus, reveal countries’ willingness to pay for the protection
of the climate system. Remember that the Nash equilibrium without international
emissions trading is given by c′i(a

N
i ) = bi (see Eq. (1)).7 We can then calculate

7As pointed out in Böhringer et al. (2025), marginal benefits bi need not be restricted to purely
domestic benefits from lower climate damages, but can also capture moral concerns about such

10



the (constant) marginal benefit of abatement, bi, from the MAC functions and the
interpretation of aN

i as regions’ NDCs.

Figure 2 shows the marginal abatement costs and, thus, the CO2 prices in the 14
regions if they implement their NDCs exclusively through domestic emissions pric-
ing. From the above discussion, these marginal abatement costs also correspond
to the marginal benefits of abatement.8 Since our (meta-)analysis is based on input
data from nine EMF36 modeling teams, we have nine different parameterizations of
the theoretical model to compute quantitative simulation results. The presentation
of results focuses on mean values, but we also use Box-Whisker plots to visualize
the distribution of the results based on the median, the mean, the first and third
quartile, as well as whiskers within the 1.5-fold interquartile range (i.e., the 1.5-
fold distance between the upper and lower quartile).9 CO2 prices vary significantly
between regions, reflecting differences in the stringency of NDCs and the ease of
emissions reduction captured by the curvature of marginal abatement costs curves
(see Figure 1). More specifically, mean CO2 prices range from about 2$/tCO2 for
Russia (very modest NDC and cheap domestic abatement options) to 272$/tCO2

for South Korea and 316$/tCO2 for Europe (ambitious NDCs and quite expensive
domestic abatement options). The global average amounts to 90$/tCO2. The wide
range of CO2 prices indicates potential for substantial cost savings through emis-
sions trading, to which we turn now.

damages occurring elsewhere.
8Parties were requested to submit their updated NDCs by 2020, i.e., before a first set of rules

under Article 6 was agreed at the COP 26 in 2021 and before the rules for trading under Article 6.2
were finalized at COP29 in 2024. We therefore assume that the updated NDCs we use do not yet
account for potential cost savings from emissions trading. While some countries delayed submitting
their NDC updates after 2020 or revised their NDCs again, for consistency we rely on the most
recent NDCs as of 2023.

9All simulation results can be reproduced using the data from Table 1 as well as Table 5 and
Table 6 in Appendix A. The numerical model, which consist of the generic first-order conditions
parameterized successively with the input data from the nine EMF36 teams, is implemented in the
high-level programming language GAMS (Generalized Algebraic Modeling System). The code is
available from the authors upon request.
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Figure 2: Regional CO2 prices to implement 2023 NDCs through domestic
emissions pricing only

Note: Box–Whisker plot shows the median (line), mean (cross), first and third quartile (box), and whiskers showing the last
datapoints within 1.5 times the interquartile range. Dots indicate outliers. For region keys see Table 1.

4 Global emissions reductions and cost savings from
bilateral emissions trading

The EMF36 study as our empirical database covers 14 geopolitical regions. Of
these, we consider 10 regions—the eight explicit countries in the dataset (USA,
China, Canada, Japan, South Korea, Russia, India, Brazil) and the two politically
and economically homogeneous regions of Europe and Australia & New Zealand—
as strategically acting entities that are candidates for emissions trading. For consis-
tency, the global trading club that we use subsequently for comparison with the
outcome of a bilateral trading club is composed of the the same ten strategically
acting entities. The four remaining composite regions, Africa, Middle East, Other
Americas and Other Asia, are politically and economically rather heterogeneous,
and have no supranational organizations like the EU. Moreover, in many coun-
tries of these regions the institutions that would be essential to guide and monitor a
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region-wide emissions trading system are relatively weak. It therefore seems unre-
alistic at present that these regions will develop a coherent strategy regarding their
choice of tradable emissions reduction contributions, and other regions may be re-
luctant to form a trading club with them. Obviously, other countries like the USA
under President Donald Trump and Russia at war are also unrealistic partners of a
trading club at present. But political circumstances can change, and given our focus
on bilateral trading clubs, the following results would be only marginally affected
if the USA and Russia were excluded as potential trading partners.

We focus on bilateral trading clubs, mainly for three reasons: First, policy-relevant
activities under Article 6.2 of the Paris Agreement are limited so far predominantly
to bilateral initiatives (UNEP Copenhagen Climate Centre, 2025). Second, the ef-
fects of different coalition sizes become most apparent when comparing the ex-
tremes of a single bilateral club and a global trading club. Third, with ten strate-
gically acting jurisdictions, the focus on bilateral trading clubs limits the otherwise
large number of potential trading clubs to 45.10

Tables 8 and 9 in Appendix B summarize all results, while the following discussion
focuses on the top 10 clubs that achieve the highest cost savings and largest global
emissions reductions. Figure 3 shows the top 10 trading clubs with the highest cost
savings if all regions kept their initial NDCs, i.e., regions outside the club maintain
their domestic abatement costs as of scenario no-trade whereas the two members
of the respective bilateral trading club trade the emission reduction contributions
(ERCs) implied by their NDCs11. Intuitively, the greater the difference between the
marginal abatement costs for trading partners, the higher the cost savings, provided
that the selling low-cost-of-abatement region has sufficient emissions reduction ca-
pacity to meet the demand of the buying high-cost-of-abatement region. Therefore,
the magnitude of initial BaU emissions for trading partners also plays a decisive
role. In our sample, the difference of marginal abatement costs (MAC) to imple-
ment NDCs is largest for the trading club of Europe and Russia. Yet, Russia’s MAC

10The number of clubs with members between 2 and 10 equals ∑
10
n=2

(10
n

)
=1013 while the number

of bilateral clubs equals
(10

2

)
=45.

11We write bilateral clubs as A–B, with the first region (A) being the seller of ERCs (equivalently,
the buyer of allowances) and the second region (B) being the buyer of ERCs (equivalently, seller of
allowances).

13



curves are substantially steeper than those of China and India (see Figure 1) so that
Russia’s capacity for cheap emissions reductions is lower. As a consequence, cost
savings are higher if Europe forms a club with China or India.

Figure 3: Total cost savings from trading emissions reductions implied by the
NDCs for the Top 10 trading clubs

Note: Box–Whisker plot shows the median (line), mean (cross), first and third quartile (box), and whiskers showing the last
datapoints within 1.5 times the interquartile range. Dots indicate outliers. For region keys see Table 1.

The potential cost savings from trading shown in Figure 3 are not the only fac-
tor that determines the success of a bilateral coalition. In scenario strategic, club
regions choose their ERCs as mutual best responses, subject to the constraint that
they must not fall below their reductions in scenario no-trade, i.e., below their NDC
abatement levels. In anticipation of the possibility of trading ERCs, high-benefit-
of-abatement regions have an incentive to strengthen their ERCs as they can buy
cheaper emissions reductions from regions with lower abatement costs. What con-
straints this incentive is that higher ERCs drive up the permit price they have to
pay, which becomes more costly the more emissions reductions a region purchases
from others. By contrast, low-benefit-of-abatement regions can sell more permits
if they reduce their ERCs, but must take into account that this reduces the price per
permit they receive. The NDC constraint furthermore ensures that low-benefit-of-
abatement regions can not choose abatement targets below their initial NDCs.

The combined effect of these incentives, which are apparent from the first-order
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condition (3) of the theoretical model, shows up in Figure 4, which reports the top
10 bilateral trading clubs with the highest global emissions reductions in scenario
strategic (see also Table 8 in Appendix B). Interestingly, the NDC constraint does
not bind for any of the top 10 bilateral trading clubs, i.e. none of the regions in a
trading club would have an incentive to lower its emissions reduction contributions
(ERCs) if these are tradable. By contrast, in a comprehensive trading club of all
strategic regions, without the NDC constraint overall emissions reductions would
fall from 37.2% to 29.8%. This reflects that countries are primarily deterred from
reducing their tradable ERCs in order to sell more emission reductions to other
trading partners by the associated reduction in the price per permit sold.12 This
effect is smaller the larger the trading club, which makes it more attractive to free-
ride on other countries’ emissions reduction contributions.

Figure 4: Global emissions reduction levels of the top 10 trading clubs in scenario
strategic compared to BaU emissions

Note: Box–Whisker plot shows the median (line), mean (cross), first and third quartile (box), and whiskers showing the last
datapoints within 1.5 times the interquartile range. Dots indicate outliers. For region keys see Table 1.

12Formally, this trade-off is captured by the term p∗
′

l (ωl)(ωi −a∗i (ωl)) in the first-order condition
(3). Reducing ωi would increase the number of permits sold, a∗i (ωl)−ωi, but also lower the permit
price, p∗

′
l (ωl)> 0.
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Five of the top 10 clubs are among those with the highest cost savings from simply
trading their ERCs in scenario no-trade (Figure 3), including the two most effective
ones, i.e., South Korea trading with China (KOR-CHN) and Europe trading with
China (EUR-CHN). While KOR-CHN ranks only eighth in terms of cost savings
from trading, it is the club that performs best in terms of global emissions reduc-
tions.

Accordingly, the gains from trading as captured by Figure 3 matter, but so do the in-
centives to adjust one’s NDCs in anticipation of trading. South Korea’s MAC curve
lies substantially above that of Europe (see Figure 1), which results in lower NDCs
when measured in absolute emissions reductions due to Europe being substantially
larger (the NDCs are 45.2% (KOR) and 37.2% (EUR) reduction from BaU (see Ta-
ble 1), which corresponds to absolute emissions reductions of 266.7 (KOR) versus
1422.6 (EUR) Mt CO2). Scenario strategic unlocks this potential as South Korea
accepts significantly higher (tradable) ERCs by exploiting low-cost emissions re-
ductions in China. This incentive effect in scenario strategic induces South Korea
and China to increase their joint abatement efforts nearly sevenfold compared to
their abatement levels in scenario no-trade (see Table 8 in Appendix B). Together
with NDC compliance of all other regions, this reduces global BaU emissions in
2030 by 29.7%, compared to 17.3% in scenario no-trade and 37.2% in the scenario
of a global trading club of all strategic regions (see Figure 4). Remarkably, the sin-
gle bilateral club of South Korea and China thus already achieves 80% of the total
abatement potential of a comprehensive global trading scheme (see Table 8).13

EUR-CHN occupies a similar position in both Figures (second and first place) and
performs best in terms of joint abatement of the two trading club members, i.e.,
when the emissions from other regions are disregarded (see Table 8). In this trading
club, Europe and China triple their joint abatement efforts compared to scenario no-

trade and they achieve 79% of the abatement potential of a global trading scheme.
The reason why KOR-CHN still performs slightly better in terms of global abate-
ment (29.7% vs. 29.4%) lies in the non-trading regions: In the case of a KOR-CHN

13Using the notation from section 2, this ratio of global abatement from BaU emissions with a

bilateral club and with global trade is (∑i∈l a∗i (ωl)+∑i∈I\l aN
i )

(∑i∈L a∗i (ω)+∑i∈K aN
i )

.
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trading club, Europe’s NDC compliance leads to a significantly higher abatement
than South Korea’s NDC compliance in the case of the EUR-CHN trading club.

China is a member of the top 6 trading clubs, and the four remaining top 10 clubs
all contain India. This underscores the importance of having a trading partner with
a large potential for low cost abatement, which results from a combination of low
MAC curves, large BaU emissions, and low NDCs.14 The other coalition partner
should then be a region with high benefits of abatement and high costs of imple-
menting this domestically. In line with this, the six partners of China in the top-
performing coalitions follow exactly the ranking of regional CO2 prices to imple-
ment NDCs (see Figure 2), and, thus, of the regions’ marginal benefits of abatement
(see Eq. 1), except that Europe and South Korea switch positions.

5 The effectiveness of several bilateral trading clubs

We motivated our analysis by arguing that a comprehensive system of emissions
trading involving all countries currently seems politically infeasible, whereas bilat-
eral coalitions appear much more realistic and are in fact already emerging. The
previous section has shown that even a single bilateral trading club can achieve ma-
jor global emissions reductions, provided that it comprises suitable partners. Now
we go one step further and investigate the outcome if the ten strategic regions in our
sample formed several such bilateral coalitions.

The first column in Table 2 shows the optimal combination of bilateral coalitions
that together achieve the highest possible global emissions abatement when each
region participates in at most one coalition. The next three columns show the ad-
ditional emissions reductions compared to scenario no-trade that is achieved by
the respective bilateral coalitions and their individual members. It is striking that
73.5% of the additional joint abatement takes place in China, followed by 17% in
India. This difference results from the larger potential for cheap abatement options
in China, but also from the fact that China is paired with its most favored partner

14The first two criteria also apply to the USA, but much of its potential for cost-effective reduc-
tions has already been exhausted by its relatively ambitious NDC of 31.5%, compared to 5% for
China and 8.5% for India.
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in terms of high abatement, whereas India is not (see Figure 4). Furthermore, the
numbers in Table 2 show that in each coalition, abatement after trading exceeds
the NDC levels for the regions with low costs of abatement, whereas the high-cost
regions even reduce abatement.

Table 2: Abatement and welfare changes in clubs in scenario strategic compared to
scenario no-trade

Club Abatement change (in Mt CO2) % Share Joint Welfare change (in billion USD)
Region 1 Region 2 Joint / global club Region 1 Region 2 Joint

KOR-CHN −70.8 4014.1 3943.4 62% 853.1 68.3 921.4
JPN-IND −65.8 929.4 863.5 14% 84.6 16.0 100.6

EUR-USA −204.8 577.2 372.4 6% 41.9 77.6 119.5
BRA-RUS −34.7 275.7 241.0 4% 18.7 6.2 24.9
CAN-ANZ −37.8 81.6 43.8 1% 2.8 3.5 6.3

Row labels refer to bilateral trading clubs consisting of the two named regions. In the columns, the regions result from the
club name, e.g. in the club KOR-CHN, region 1 is CHN and region 2 is KOR. For regional codes see Table 1. “% Share
Joint / global club” refers to the share of joint abatement change in the respective club relative to the additional abatement
of a global coalition of all ten strategic regions - both compared to scenario no-trade where countries implement their NDCs
without trade.

Nevertheless, both regions always benefit. This is shown in the sixth and sev-
enth columns that report welfare gains (i.e., changes in monetarized benefits and
costs of abatement) caused by the respective coalition compared to the no-trade

scenario. The low-cost regions mainly benefit from selling their emissions reduc-
tions, whereas the benefits of their respective partners mainly arise from the high
valuation for the additional abatement provided by the trading club. For example,
in the bilateral trading club KOR-CHN, South Korea’s welfare gains from the ben-
efits of additional emissions reductions and from lower own emissions reductions
amount to $853 billion. China also benefits from lower emissions, but also from
significant revenues from the sale of emissions reductions that result in a welfare
gain of $68 billion. Thus, in scenario strategic, South Korea is financing the higher
abatement level in China by choosing a high emissions reduction target and subse-
quently purchasing emissions reductions from China.

In total, the additional emissions reductions achieved by the five coalitions com-
pared to scenario no-trade amount to 86% of the additional abatement that could
be achieved by a comprehensive trading club covering all ten strategic regions. The
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fifth column in Table 2 provides a breakdown of the contributions made by each
club. Accordingly, even a single bilateral club that comprises suitable partners—
EUR-CHN would attain a similar value like KOR-CHN—attains roughly three-
quarter of the additional abatement of a comprehensive club of all ten strategic
regions (62% instead of 86%). Thus, our quantitative results suggest that a prag-
matic approach of starting with a suitable bilateral coalition does not loose much of
the potential of a global trading system.

6 Conclusion

The climate is warming and sea levels rising faster than governments are acting.
Moreover, the current erosion of the rule-based world order is dampening hopes
for global cooperation on stricter climate policies. In this paper, we have argued
that even in this unfavorable political environment, significant emissions reduc-
tions can be achieved if countries exploit at least part of the potential of emissions
trading under Article 6.2 of the Paris Agreement and conclude bilateral trading
agreements. Using a numerical meta-analysis based on empirical data, we analyzed
such bilateral trading clubs under the assumption that participating countries choose
their tradable emissions reduction contributions non-cooperatively as mutual best-
response strategies.

The most effective clubs link a country that has high benefits of abatement but
also high abatement costs, with a country that has the opposite pattern and also ac-
counts for a sufficiently large share of global CO2 emissions. Pairing South Korea
or Europe with China reduces global emissions by 30% respectively 29% (vs. BaU
emissions levels), whereas current NDCs reduce emissions by only 17%. Moreover,
each of these two bilateral clubs can already achieve 80% of the emissions reduc-
tions that a global trading agreement would achieve. This number rises to 93% if
several bilateral clubs with non-overlapping members are formed. Therefore, even
with non-cooperative choices of emissions reduction contributions, bilateral emis-
sions trading has the potential to bring global emissions reductions close to the path
required to stay within the 2°C climate target.
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Bilateral trading clubs only equalize marginal abatement costs between club mem-
bers and therefore do not fully exploit the potential of emissions trading. But in a
non-cooperative setting, smaller clubs are less susceptible to free-rider incentives,
which explains their surprisingly good performance. This also explains why the
NDC constraint that emissions reduction contributions must not fall below NDC
levels does not bind for any of the top 10 bilateral clubs with the highest emissions
reductions. By contrast, in a comprehensive trading club of all strategic countries,
the absence of the NDC constraint would reduce overall emissions reductions from
37% to 30% compared to BaU. This matters as NDCs are neither legally binding
nor enforceable.

The political message from our analysis is that countries should intensify their ef-
forts to conclude bilateral agreements on emissions trading under Article 6.2 of the
Paris Agreement. They should combine this with more ambitious NDCs, which is
in their own interest given that trading makes abatement more efficient. From this
perspective, the finalization of rules for global carbon markets under Article 6 of
the Paris Agreement—and in particular Article 6.2, which regulates bilateral car-
bon trading—at the COP 29 climate negotiations in 2024 is reassuring. Now every
effort must be made that the Article 6 Technical Expert Review process ensures the
accuracy, completeness, consistency, and comparability of the data submitted by the
trading clubs (Dossi & Crook, 2025). In addition, trading club members must agree
on a robust enforcement mechanism to prevent any weakening of commitments,
which could ultimately jeopardize even well-functioning domestic emissions trad-
ing systems such as the EU-ETS.

In its NDC communication, the EU stated that it “is continuing to explore the possi-
bilities to link the EU-ETS with other robust emissions trading systems” (European
Commission, 2023, p. 20). In line with its self-perception as a pioneer in cli-
mate policy, the EU—but also other countries—should intensify these efforts, as
our analysis showed that even bilateral trading clubs can achieve a great deal. This
experience will also improve our understanding of how international emissions trad-
ing can be implemented in practice, which is crucial for expanding to larger trading
clubs over time.
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Ševčíková, H., Sheets, H., . . . Anthoff, D. (2022). Comprehensive evidence
implies a higher social cost of CO2. Nature, 610(7933), 687–692. https :
//doi.org/10.1038/s41586-022-05224-9

Rose, A., Wei, D., Miller, N., Vandyck, T., & Flachsland, C. (2018). Achieving Paris
climate agreement pledges: Alternative designs for linking emissions trad-
ing systems. Review of Environmental Economics and Policy, 12(1), 170–
182. https://doi.org/10.1093/reep/rex029

Traeger, C. P. (2023). ACE—analytic climate economy. American Economic Jour-

nal: Economic Policy, 15(3), 372–406. https : / / doi . org / 10 . 1257 / pol .
20210297

23

https://doi.org/10.1016/S0047-2727(02)00138-X
https://doi.org/10.1016/S0047-2727(02)00138-X
https://doi.org/10.1016/s0301-4215(03)00148-4
https://doi.org/10.1016/s0301-4215(03)00148-4
https://doi.org/10.2790/89230
https://doi.org/10.1080/03050629.2023.2279627
https://doi.org/10.1080/03050629.2023.2279627
https://doi.org/10.1038/s41586-022-05224-9
https://doi.org/10.1038/s41586-022-05224-9
https://doi.org/10.1093/reep/rex029
https://doi.org/10.1257/pol.20210297
https://doi.org/10.1257/pol.20210297


UNEP Copenhagen Climate Centre. (2025, August 14). Article 6 Pipeline. https:
//unepccc.org/article-6-pipeline/

UNFCCC secretariat. (n.d.). NDC Registry. Retrieved January 18, 2025, from https:
//unfccc.int/NDCREG

Van den Bijgaart, I., Gerlagh, R., & Liski, M. (2016). A simple formula for the so-
cial cost of carbon. Journal of Environmental Economics and Management,
77, 75–94. https://doi.org/10.1016/j.jeem.2016.01.005

Wang, P., Deng, X., Zhou, H., & Yu, S. (2019). Estimates of the social cost of
carbon: A review based on meta-analysis. Journal of cleaner production,
209, 1494–1507.

24

https://unepccc.org/article-6-pipeline/
https://unepccc.org/article-6-pipeline/
https://unfccc.int/NDCREG
https://unfccc.int/NDCREG
https://doi.org/10.1016/j.jeem.2016.01.005


Appendix A: Data sources

The EMF36 study is based on quantitative analysis from several computable general
equilibrium (CGE) models operated by established international expert groups. For
our meta-analysis we selected those nine models that feature multi-region trade
across the 14 regions that had been identified by EMF36 as both geopolitically
important and amenable to parameterization with publicly available data – see Table
3 for the list of models by acronym, institutional hosts, and respective modeling
experts.

Table 3: EMF36 models used in the meta-analysis

Model Institution Experts
CEPE Swiss Federal Institute of

Technology (ETH) Zürich
Florian Landis, Gustav
Fredriksson, Sebastian Rausch

DREAM Fudan University Haoqi Qian, Shuaishuai Zhang,
Libo Wu

ENVISAGE Purdue University Maksym Chepeliev, Israel
Osario-Rodarte, Dominique van
der Mensbrugghe

GEM-E3 European Commission - Joint
Research Centre (JRC)

Toon Vandyck, Matthias Weitzel,
Krzysztof Wojtowicz, Luis Rey
Los Santos, Anamaria Maftei, Sara
Riscado

ICES Euro-Mediterranean Center on
Climate Change (CMCC)

Ramiro Parrado

PACE Centre for European Economic
Research (ZEW)

Sebastian Rausch

SNOW Statistics Norway Taran Fæhn, Hidemichi Yonezawa
TUB Technical University (TU) Berlin Mohammad M. Khabbazan,

Christian von Hirschhausen
UOL University of Oldenburg Chrish Böhringer, Jan Schneider
Source: EMF36 (Böhringer et al., 2021).

The expert teams used their multi-region CGE models to derive marginal abatement
cost curves for the 14 geopolitical regions. More specifically, the marginal abate-
ment cost functions are generated through a sequence of emissions prices taxes
starting from $0 to $200 per ton of CO2 in steps of $1. At each CO2 price, the
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CGE models quantify the induced emissions reduction by region. As in Böhringer
et al. (2025), we have used these data to obtain reduced-form representations of
regional MAC curves based on a least-square fit to polynomial functions of third
degree (see section 3). Table 6 summarizes all the region-specific coefficients of
the least-square approximation by CGE model. Table 5 reports the region-specific
BaU emissions by model aligned to projections of the International Energy Outlook
(EIA, 2017) on GDP growth and fossil fuel demands in 2030.

Note that the information on NDCs contained in Table 1, together with the coeffi-
cients of marginal abatement cost curves (Table 6) and the BaU emissions in 2030
(Table 5), is sufficient to reproduce all of our simulation results.
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Table 4: Regions in the dataset

Regions
Composite regions 3-letter code consisting of

Africa AFR Egypt, Morocco, Tunisia, Rest of North Africa, Benin, Burkina
Faso, Cameroon, Cote d’Ivoire, Ghana, Guinea, Nigeria,
Senegal, Togo, Rest of Western Africa, Central Africa, South
Central Africa, Ethiopia, Kenya, Madagascar, Malawi,
Mauritius, Mozambique, Rwanda, Tanzania, Uganda, Zambia,
Zimbabwe, Rest of Eastern Africa, Botswana, Namibia, South
Africa, Rest of South African Customs Union

Australia and New Zealand ANZ Australia, New Zealand
Europe EUR Austria, Belgium, Czech Republic, Denmark, Estonia, Finland,

France, Germany, Greece, Hungary, Ireland, Italy, Luxembourg,
Netherlands, Poland, Portugal, Slovakia, Slovenia, Spain,
Sweden, United Kingdom, Croatia, Cyprus, Latvia, Lithuania,
Malta, Romania, Switzerland, Norway, Rest of EFTA, Albania,
Belarus, Bulgaria, Ukraine, Rest of Eastern Europe, Rest of
Europe

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

Other Americas OAM Mexico, Chile, Rest of North America, Argentina, Bolivia,
Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela, Rest
of South America, Costa Rica, Guatemala, Honduras,
Nicaragua, Panama, El Salvador, Rest of Central America,
Dominican Republic, Jamaica, Puerto Rico, Trinidad and
Tobago, Caribbean

Other Asia OAS Rest of Southeast Asia, Rest of East Asia, Mongolia, Nepal,
Pakistan, Sri Lanka, Taiwan, Kazakhstan, Kyrgyzstan, Rest of
Former Soviet Union, Armenia, Azerbaijan, Georgia, Rest of
the World

Countries
Brazil BRA
Canada CAN
China CHN
India IND
Japan JPN
Russia RUS
South Korea KOR
United States USA

Source: Böhringer et al. (2025).
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Table 5: Regional Business-as-Usual (BaU) emissions by EMF36 models

BaU emissions in 2030 in Mt CO2
CEPE DREAM ENVISAGE GEM-E3 ICES PACE SNOW TUB UOL

AFR 1256.67 1264.47 1275.06 1264.39 1264.51 1305.57 1261.13 1260.28 949.32
ANZ 452.54 452.64 460.38 451.97 452.22 440.19 451.33 451.67 411.62
BRA 467.25 464.12 462.17 469.55 464.25 484.58 463.98 463.90 371.80
CAN 559.58 563.75 553.63 562.30 563.35 527.83 562.02 562.67 522.60
CHN 8062.37 8308.35 8532.27 8316.32 8318.13 8344.19 8296.04 8295.64 7083.08
EUR 3677.40 3756.51 3765.57 3714.42 3752.80 4035.59 3744.07 3744.46 4202.14
IND 3292.95 3300.52 3259.58 3301.96 3292.22 2832.30 3291.18 3291.42 1771.16
JPN 899.33 928.21 939.03 925.03 927.36 885.05 900.27 900.09 998.37
KOR 602.61 605.96 607.14 605.64 604.71 577.72 604.48 604.32 501.74
MEA 2185.64 2320.07 2402.06 2313.76 2312.54 1770.91 2182.46 2185.03 1709.23
OAM 1356.14 1342.76 1370.50 1363.68 1342.31 1292.30 1323.92 1325.00 1153.14
OAS 3221.46 3157.91 3166.18 3190.76 3152.70 3048.34 3139.00 3138.65 2119.20
RUS 1419.21 1427.44 1396.12 1430.26 1429.27 1317.03 1424.08 1425.14 1499.67
USA 4562.32 4554.63 4716.87 4554.01 4554.25 4587.13 4553.09 4553.18 5107.37

Source: EMF36 (Böhringer et al., 2021). Column labels refer to modeling teams and row labels refer to model regions. For regional 3-letter codes
see Table 4.
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Table 6: Coefficients for marginal abatement cost curves by region (index i) and EMF36 model

k1i
CEPE DREAM ENVISAGE GEM-E3 ICES SNOW TUB UOL

AFR 0.1126096 0.1684064 0.1306447 0.1761252 0.1137466 0.0876181 0.2064874 0.1187028
ANZ 0.4488379 0.5046233 0.8548607 0.6215306 0.3940770 0.5056451 0.3790954 0.5543968
BRA 0.6272444 0.6194402 0.9064132 0.7692072 0.6065278 0.4794085 0.8880043 0.5825766
CAN 0.2996113 0.3259172 0.5077875 0.5321304 0.3463792 0.3491862 0.4306010 0.4223520
CHN 0.0284727 0.0234066 0.0271645 0.0204104 0.0233294 0.0187010 0.0348744 0.0146550
EUR 0.0320664 0.1204664 0.1099971 0.0770045 0.0483948 0.0722681 0.1069446 0.0756287
IND 0.0801183 0.0550334 0.0584081 0.0459397 0.0496368 0.1215916 0.0671988 0.0771016
JPN 0.2855089 0.4614069 0.0519985 0.2929025 0.2426977 0.2405482 0.4987861 0.3769420
KOR 0.3437654 0.4115392 0.3840704 0.2611612 0.3123152 0.3436058 0.5853735 0.4674361
MEA 0.1063419 0.1043638 0.1066292 0.1243138 0.2758845 0.1158917 0.2814206 0.1814036
OAM 0.1687400 0.1893121 0.1897106 0.1995740 0.1941144 0.0862139 0.4484894 0.2240831
OAS 0.0520457 0.0733106 0.0625915 0.0699729 0.0522432 0.0660993 0.1427498 0.0794174
RUS 0.0898853 0.1586107 0.1182955 0.1416401 0.1207809 0.0603145 0.2223365 0.0450278
USA 0.0413257 0.0507851 0.0493368 0.0524876 0.0414510 0.0430637 0.0912196 0.0408949

k2i
AFR -0.0003906 -0.0000438 -0.0001439 -0.0000772 -0.0002038 -0.0009752 0.0002033 0.0336844
ANZ -0.0016084 -0.0001623 0.0016971 0.0002100 -0.0025384 -0.0046911 0.0017323 0.0000690
BRA 0.0030547 0.0009632 0.0060368 0.0029367 0.0023784 0.0018759 0.0055850 0.0065457
CAN -0.0000577 -0.0004930 0.0003893 0.0007197 0.0001400 -0.0001388 0.0005621 0.0005613
CHN -0.0000170 -0.0000042 -0.0000148 -0.0000078 -0.0000116 -0.0000085 0.0000008 -0.0000023
EUR -0.0000125 0.0000293 0.0000455 0.0000081 -0.0000035 -0.0000991 0.0000259 0.0000499
IND -0.0001281 -0.0000404 -0.0000576 -0.0000316 -0.0000552 -0.0002003 -0.0000044 -0.0001346
JPN 0.0001656 0.0004466 0.0009834 0.0001666 0.0002154 -0.0007608 0.0010005 0.0009666
KOR -0.0012599 0.0000823 -0.0004461 0.0000273 -0.0009207 -0.0022687 0.0009670 0.0004852
MEA 0.0000142 -0.0000094 0.0000290 0.0000992 0.0001157 0.0000144 0.0002065 0.0002840
OAM 0.0001645 0.0000266 0.0002651 0.0001700 0.0001580 0.0001786 -0.0002949 0.0002098
OAS -0.0000356 -0.0000065 -0.0000233 -0.0000330 -0.0000294 -0.0001082 0.0000585 0.0001105
RUS 0.0000265 -0.0000869 -0.0000676 -0.0000023 0.0001684 0.0000699 0.0002466 0.0003818
USA -0.0000204 0.0000017 -0.0000027 -0.0000166 -0.0000288 -0.0000138 0.0000053 0.0000003

k3i
AFR 1.446E-06 5.067E-07 1.273E-06 1.442E-06 7.414E-07 2.760E-06 5.105E-07 5.897E-07
ANZ 3.217E-05 1.201E-05 1.953E-05 2.266E-05 2.159E-05 4.577E-05 2.151E-05 3.745E-05
BRA 2.592E-05 1.121E-05 2.675E-05 4.881E-05 1.647E-05 2.866E-05 1.077E-05 4.976E-05
CAN 1.322E-05 6.756E-06 1.617E-05 1.301E-05 1.049E-05 1.426E-05 1.089E-05 1.279E-05
CHN 4.201E-09 2.108E-09 3.225E-09 2.407E-09 2.624E-09 1.879E-09 1.000E-09 2.254E-09
EUR 9.106E-08 3.269E-08 5.049E-08 7.774E-08 3.829E-08 1.571E-07 6.483E-08 4.751E-08
IND 7.054E-08 4.046E-08 5.083E-08 3.199E-08 5.488E-08 9.233E-08 3.203E-08 2.549E-07
JPN 6.666E-06 1.846E-06 3.110E-06 3.046E-06 3.532E-06 6.552E-06 3.547E-06 4.292E-06
KOR 1.409E-05 5.196E-06 9.188E-06 8.715E-06 9.854E-06 1.520E-05 9.307E-06 1.938E-05
MEA 2.297E-07 1.001E-07 1.352E-07 1.347E-07 1.967E-07 3.097E-07 1.553E-07 2.205E-07
OAM 6.933E-07 4.455E-07 8.294E-07 7.998E-07 8.094E-07 7.158E-07 1.826E-06 1.624E-06
OAS 8.527E-08 3.430E-08 7.739E-08 1.137E-07 5.296E-08 1.358E-07 4.525E-08 8.539E-08
RUS 7.317E-07 4.039E-07 6.453E-07 8.127E-07 5.797E-07 8.553E-07 4.286E-07 2.038E-07
USA 2.469E-08 9.243E-09 1.572E-08 3.182E-08 2.231E-08 3.142E-08 1.840E-08 1.968E-08

Source: Böhringer et al. (2025). Column labels refer to modeling teams and row labels refer to model regions. For regional 3-letter codes see Table
4.



Appendix B: Detailed simulation results

Table 7: Cost savings from bilateral emissions trading at initial NDCs

Region 1 Best trading
partner

savings
for region 1

Total cost
savings

in billion USD in billion USD
ANZ EUR 24.5 30.4
BRA EUR 6.0 7.0
CAN EUR 7.7 9.4
CHN EUR 8.7 132.5
EUR CHN 123.8 132.5
IND EUR 25.6 111.4
JPN CHN 9.0 9.3

KOR CHN 21.0 21.5
RUS EUR 40.4 77.3
USA CHN 37.9 44.7

For regional 3-letter codes see Table 4.
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Table 8: CO2 emissions reductions of bilateral trading clubs

CO2 emissions reductions in Mt (in %) from BaU, ranked by global CO2 reduction in strategic
Club Region 1 Region 2 Joint abatement % Share Global

no-trade strategic no-trade strategic no-trade strategic global trade strategic
KOR-CHN 266.7 (45.2) 195.9 (33.3) 408.6 (5.0) 4422.8 (54.1) 675.4 4618.7 80% 9449.8 (29.7)
EUR-CHN 1422.6 (37.2) 1028.9 (26.9) 408.6 (5.0) 4634.6 (56.8) 1831.2 5663.5 79% 9337.9 (29.4)
JPN-CHN 212.6 (23.0) 143.0 (15.5) 408.6 (5.0) 3211.9 (39.5) 621.2 3354.9 70% 8236.0 (26.0)
CAN-CHN 166.0 (30.0) 115.7 (21.0) 408.6 (5.0) 3164.2 (38.8) 574.6 3279.9 69% 8207.9 (25.9)
BRA-CHN 94.8 (20.8) 62.4 (13.7) 408.6 (5.0) 3117.2 (38.2) 503.4 3179.6 69% 8178.6 (25.8)
USA-CHN 1461.1 (31.5) 1031.0 (22.2) 408.6 (5.0) 3232.2 (39.5) 1869.7 4263.2 67% 7899.1 (24.8)
KOR-IND 266.7 (45.2) 199.0 (33.7) 260.4 (8.5) 1543.2 (50.5) 527.2 1742.2 57% 6720.7 (21.1)
EUR-IND 1422.6 (37.2) 1036.4 (27.1) 260.4 (8.5) 1618.4 (52.9) 1683.0 2654.8 55% 6477.3 (20.3)
BRA-IND 94.8 (20.8) 64.3 (14.1) 260.4 (8.5) 1159.6 (37.9) 355.2 1223.9 54% 6374.3 (20.0)
JPN-IND 212.6 (23.0) 146.8 (15.9) 260.4 (8.5) 1189.8 (39.0) 473.0 1336.6 54% 6369.2 (20.0)
CAN-IND 166.0 (30.0) 124.9 (22.6) 260.4 (8.5) 1074.2 (35.5) 426.4 1199.0 52% 6170.8 (19.4)
USA-IND 1461.1 (31.5) 1098.3 (23.7) 260.4 (8.5) 1159.8 (37.9) 1721.5 2258.1 51% 6042.2 (19.0)
KOR-USA 266.7 (45.2) 229.3 (38.8) 1461.1 (31.5) 1890.9 (40.8) 1727.8 2120.2 50% 5898.1 (18.5)
KOR-RUS 266.7 (45.2) 195.1 (33.0) 18.7 (1.3) 463.2 (32.6) 285.4 658.3 50% 5878.5 (18.5)
EUR-USA 1422.6 (37.2) 1217.8 (31.9) 1461.1 (31.5) 2038.2 (43.9) 2883.6 3256.1 50% 5878.0 (18.5)
BRA-RUS 94.8 (20.8) 60.1 (13.2) 18.7 (1.3) 294.4 (20.8) 113.5 354.5 48% 5746.7 (18.1)
EUR-RUS 1422.6 (37.2) 1123.1 (29.4) 18.7 (1.3) 548.4 (38.6) 1441.3 1671.4 48% 5735.8 (18.0)
CAN-RUS 166.0 (30.0) 113.7 (20.6) 18.7 (1.3) 296.1 (20.9) 184.7 409.8 48% 5730.8 (18.0)
JPN-RUS 212.6 (23.0) 139.7 (15.1) 18.7 (1.3) 314.0 (22.1) 231.3 453.6 48% 5728.0 (18.0)
IND-CHN 260.4 (8.5) 216.9 (7.0) 408.6 (5.0) 631.4 (7.7) 669.1 848.3 48% 5684.8 (17.9)
ANZ-CHN 20.0 (4.5) 19.1 (4.3) 408.6 (5.0) 523.2 (6.4) 428.7 542.3 47% 5619.3 (17.7)
USA-RUS 1461.1 (31.5) 1233.0 (26.6) 18.7 (1.3) 352.9 (24.8) 1479.7 1585.8 47% 5611.7 (17.6)
JPN-USA 212.6 (23.0) 210.2 (22.8) 1461.1 (31.5) 1554.4 (33.5) 1673.7 1764.6 47% 5596.6 (17.6)

KOR-ANZ 266.7 (45.2) 207.2 (35.1) 20.0 (4.5) 151.3 (33.9) 286.7 358.6 47% 5577.5 (17.5)
BRA-USA 94.8 (20.8) 96.7 (21.2) 1461.1 (31.5) 1524.3 (32.9) 1555.8 1621.0 47% 5570.8 (17.5)
CAN-USA 166.0 (30.0) 168.4 (30.4) 1461.1 (31.5) 1512.9 (32.6) 1627.0 1681.3 47% 5559.9 (17.5)
BRA-ANZ 94.8 (20.8) 66.3 (14.5) 20.0 (4.5) 97.8 (21.9) 114.8 164.1 47% 5554.9 (17.5)
CAN-ANZ 166.0 (30.0) 128.2 (23.2) 20.0 (4.5) 101.6 (22.8) 186.0 229.8 47% 5549.4 (17.5)
KOR-JPN 266.7 (45.2) 240.7 (40.8) 212.6 (23.0) 280.4 (30.4) 479.3 521.1 47% 5547.4 (17.4)
JPN-ANZ 212.6 (23.0) 164.3 (17.8) 20.0 (4.5) 109.8 (24.6) 232.6 274.1 47% 5547.1 (17.4)
EUR-ANZ 1422.6 (37.2) 1284.5 (33.6) 20.0 (4.5) 190.6 (42.7) 1442.6 1475.1 47% 5538.2 (17.4)
KOR-CAN 266.7 (45.2) 240.5 (40.7) 166.0 (30.0) 222.9 (40.3) 432.7 463.4 47% 5536.3 (17.4)
ANZ-RUS 20.0 (4.5) 12.9 (2.9) 18.7 (1.3) 55.7 (3.9) 38.7 68.7 47% 5535.6 (17.4)
EUR-JPN 1422.6 (37.2) 1341.4 (35.1) 212.6 (23.0) 319.9 (34.7) 1635.2 1661.3 47% 5531.7 (17.4)
KOR-BRA 266.7 (45.2) 244.1 (41.3) 94.8 (20.8) 137.0 (30.0) 361.5 381.1 47% 5525.2 (17.4)
EUR-CAN 1422.6 (37.2) 1351.9 (35.4) 166.0 (30.0) 252.6 (45.7) 1588.6 1604.5 47% 5521.5 (17.4)
USA-ANZ 1461.1 (31.5) 1373.7 (29.6) 20.0 (4.5) 120.2 (26.9) 1481.1 1493.9 47% 5518.5 (17.4)
JPN-CAN 212.6 (23.0) 215.0 (23.3) 166.0 (30.0) 176.1 (31.8) 378.6 391.1 47% 5518.1 (17.4)
ANZ-IND 20.0 (4.5) 26.5 (5.9) 260.4 (8.5) 266.2 (8.7) 280.4 292.8 47% 5517.9 (17.4)
IND-RUS 260.4 (8.5) 205.2 (6.7) 18.7 (1.3) 83.5 (5.9) 279.1 288.7 47% 5515.2 (17.3)
EUR-BRA 1422.6 (37.2) 1368.3 (35.8) 94.8 (20.8) 158.5 (34.8) 1517.4 1526.8 47% 5515.0 (17.3)
KOR-EUR 1422.6 (37.2) 1413.3 (37.0) 266.7 (45.2) 282.9 (47.9) 1689.3 1696.3 47% 5512.6 (17.3)
JPN-BRA 212.6 (23.0) 213.7 (23.2) 94.8 (20.8) 100.4 (22.0) 307.4 314.1 47% 5512.4 (17.3)
CHN-RUS 408.6 (5.0) 370.5 (4.5) 18.7 (1.3) 61.1 (4.3) 427.3 431.6 46% 5509.9 (17.3)
BRA-CAN 94.8 (20.8) 95.6 (20.9) 166.0 (30.0) 168.5 (30.5) 260.8 264.1 46% 5508.9 (17.3)

Row labels refer to bilateral trading clubs consisting of the two named regions. In the columns, the regions result from the club name, e.g. in the club
KOR-CHN, region 1 is KOR and region 2 is CHN. “Joint abatement” refers to the joint CO2 emissions reduction of the two trading club regions.
“% Share global trade” refers to the share of global abatement if the respective club would be established relative to the abatement potential of a
comprehensive trading club of all strategic regions, both in scenario strategic. “Global strategic” refers to the global CO2 reduction in the case
where the trading club regions trade as in scenario strategic while all other regions fulfill their NDCs domestically (scenario no-trade). For regional
three-letter codes see Table 4.



Table 9: Regional abatement costs of bilateral trading clubs

Region 1 Region 2 Joint
Club Abatement costs

in billion USD
savings

in billion USD
Abatement costs
in billion USD

savings
in billion USD

savings
in billion USD

no-trade trade no-trade trade
ANZ-CHN 1.90 1.90 0.00 0.11 0.10 0.01 0.01
ANZ-IND 1.96 1.96 0.00 0.11 0.09 0.03 0.03
ANZ-RUS 0.02 0.01 0.01 0.11 0.07 0.05 0.06
BRA-ANZ 4.67 2.98 1.69 0.11 -0.69 0.80 2.49
BRA-CAN 4.67 4.64 0.03 7.71 7.69 0.02 0.05
BRA-CHN 1.90 1.84 0.06 4.67 0.90 3.76 3.82
BRA-IND 1.96 1.86 0.10 4.67 1.36 3.30 3.41
BRA-RUS 4.67 1.17 3.50 0.02 -0.42 0.44 3.94
BRA-USA 4.67 4.42 0.25 66.20 66.18 0.02 0.27
CAN-ANZ 7.71 5.84 1.87 0.11 -1.33 1.45 3.32
CAN-CHN 1.90 1.74 0.16 7.71 1.68 6.03 6.19
CAN-IND 1.96 1.69 0.27 7.71 2.57 5.14 5.41
CAN-RUS 7.71 2.83 4.88 0.02 -1.06 1.09 5.97
CAN-USA 7.71 7.41 0.30 66.20 66.16 0.03 0.34
CHN-RUS 1.90 1.88 0.02 0.02 -0.10 0.12 0.14
EUR-ANZ 0.11 -24.34 24.45 155.58 149.63 5.95 30.40
EUR-BRA 4.67 -1.33 6.00 155.58 154.57 1.01 7.01
EUR-CAN 155.58 153.86 1.72 7.71 0.01 7.71 9.43
EUR-CHN 1.90 -6.84 8.74 155.58 31.82 123.76 132.50
EUR-IND 1.96 -23.68 25.64 155.58 69.87 85.72 111.35
EUR-JPN 155.58 153.03 2.55 11.32 3.48 7.84 10.39
EUR-KOR 155.58 155.45 0.13 24.24 23.59 0.65 0.78
EUR-RUS 0.02 -40.40 40.42 155.58 118.69 36.90 77.32
EUR-USA 155.58 132.52 23.06 66.20 54.62 11.58 34.64
IND-CHN 1.96 1.73 0.23 1.90 1.85 0.06 0.28
IND-RUS 1.96 1.85 0.11 0.02 -0.28 0.30 0.42
JPN-ANZ 11.32 9.14 2.19 0.11 -2.19 2.30 4.49
JPN-BRA 11.32 11.26 0.07 4.67 4.54 0.12 0.19
JPN-CAN 11.32 11.14 0.19 7.71 7.46 0.26 0.44
JPN-CHN 1.90 1.63 0.27 11.32 2.31 9.01 9.29
JPN-IND 11.32 3.63 7.69 1.96 1.45 0.51 8.21
JPN-RUS 11.32 4.64 6.69 0.02 -1.82 1.84 8.53
JPN-USA 11.32 10.72 0.61 66.20 66.10 0.09 0.70

KOR-ANZ 24.24 16.79 7.45 0.11 -5.09 5.21 12.65
KOR-BRA 24.24 22.94 1.30 4.67 3.17 1.49 2.79
KOR-CAN 24.24 22.34 1.90 7.71 6.18 1.53 3.43
KOR-CHN 1.90 1.44 0.46 24.24 3.21 21.02 21.48
KOR-IND 24.24 5.13 19.11 1.96 1.12 0.84 19.95
KOR-JPN 24.24 22.21 2.03 11.32 10.11 1.22 3.24
KOR-RUS 24.24 7.71 16.52 0.02 -3.21 3.23 19.76
KOR-USA 24.24 19.04 5.19 66.20 65.71 0.49 5.68
USA-ANZ 66.20 65.47 0.73 0.11 -5.19 5.31 6.04
USA-CHN 1.90 -4.86 6.76 66.20 28.29 37.91 44.67
USA-IND 1.96 -9.06 11.01 66.20 44.75 21.44 32.46
USA-RUS 66.20 59.79 6.41 0.02 -13.63 13.65 20.06

Row labels refer to bilateral trading clubs consisting of the two named regions. In the columns, the regions result from the club name, e.g. in the club
ANZ-CHN, region 1 is ANZ and region 2 is CHN. For regional 3-letter codes see Table 4.
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