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Abstract

In spite of scientific agreement on the negative effects of anthropogenic climate change, efforts
to find cooperative solutions on the international level have been unsatisfactory so far. Trade
sanctions in the form of import tariffs are one principal measure discussed as a means to foster
cooperation. Former studies have concluded that import tariffs are an effective mechanism to
establish international cooperation. However, most of these studies rely on the assumption that
outsiders are not able to retaliate, i.e. to implement import tariffs themselves. In this paper
we use combined analytical and numerical analysis to investigate implications of retaliation. We
find a threshold effect: below a certain coalition size the effect of retaliation predominates and
decreases incentives to be a coalition member. In coalitions above the threshold size the effect
of trade sanctions that stabilizes coalitions dominates and enables the formation of larger stable
coalitions. Our analysis suggests that only after a sufficiently large climate coalition has already
been formed, the threat of trade sanctions might be an effective stick to establish the grand

coalition.
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1 Introduction

In spite of scientific agreement on the negative effects of anthropogenic climate change, efforts to
find cooperative solutions at the international UN climate negotiations have been unsatisfactory
so far. Game theoretic strands of economic literature have studied the formation and stability
of international environmental agreements and found that it is difficult to reach large stable cli-
mate coalitions due to strong freerider incentives (see Marrouch and Ray Chaudhuri, 2016, for a
comprehensive overview of the literature).!

Given the global public bad characterisitics of greenhouse gas emissions, the absence of global
cooperation gives rise to two important questions for countries intending to enhance global emission
abatement: (i) How to design second-best unilateral policies and (ii) how to incentivize broader
cooperation? A principal approach to both questions is to link climate and trade policy: the use
or the threat of trade measures against countries without emission regulations.

As to (i), the policy debate is concernced with drawbacks of unilateral policies associated to
carbon leakage, i.e. an emission increase in unconstrained regions triggered by domestic climate
policy. Two interrelated mechanisms can lead to carbon leakage (Felder and Rutherford, 1993):
a shift of emission-intensive production to competitors abroad due to cost-disadvantages from
carbon pricing for domestic firms. Likewise, international prices for fossil fuels might drop due
to climate policies, thereby incentivizing higher fossil fuel consumption in unregulated economies.
Anti-leakage measures are discussed, among others, in the form of border carbon adjustments:
countries with a domestic carbon price could tax carbon embodied in imports from unregulated
regions, and likewise rebate carbon payments to exports to unregulated regions.> A major finding
of applied studies on border carbon adjustments is that they shift substantial parts of the burden
of emission reduction to developing countries. The burden shifting effect is related to the economic
theory on optimal tariffs (Lim&o, 2008): countries are able to benefit from the introduction of
import tariffs in terms of domestic welfare, while their trading partners suffer losses. The basic
mechanism is a change in the ratio of export and import prices — the terms of trade — in favor of
the tariff imposing country.

The rationale for trade sanctions to approach question (ii) builds on the aforementioned insight
from trade theory that import tariffs can benefit the importer and hurt the exporting country,
as this could make import tariffs a credible threat in the international game for greenhouse gas

reductions. Tariffs in this case are imposed as sanctions and are meant to be punitive to non-

IRecent extensions of the game theoretic literature include inter alia multiple agreements (Hagen and Eisenack, 2015)
or minimum participation constraints (Weikard et al., 2015; Carraro et al., 2009).

2In policy proposals, border carbon adjustments are primarily considered for sectors that show high emission and trade
intensities.



participants.> The rationale for the use of trade sanctions is thus rather rooted in strategic con-
siderations: cooperation on free trade is made conditional on cooperation on emission abatement.

To date, there are no trade measures in climate policy in place.? Nonetheless, trade measures
in the form of border carbon adjustments are mentioned as possible complementary measures in
the EU Emissions Trading Directive (2009/29/EC) as well as in all the major US climate bills,
i.e. the Waxman-Markey bill (US Congress, 2009), the Kerry-Boxer bill (Larsen et al., 2009),
and the Cantwell-Collins bill (Larsen and Bradbury, 2010). The justification of trade measures in
these climate policy legislations and bills has focused on carbon leakage and related concerns on
competitiveness losses of emission-intensive and trade-exposed domestic industries.

In recent years, the focus of the debate on trade measures has shifted from tariffs as a second-
best instrument combating carbon leakage to the appeal of tariffs as a strategic stick to foster
cooperation. In particular, the announced withdrawal of the US from the Paris Agreement has
opened a new debate on the role of punitive tariffs (Kemp, 2017).

Previous studies on trade sanctions as a strategic means in climate policy have concluded that
even low import tariffs are an effective tool to reach larger coalitions (Lessmann et al., 2009;
Nordhaus, 2015). However, these studies rely on the assumption that outsiders of the coalition

6 This is a crucial assumption

are not able to retaliate by imposing import tariffs themselves.
given that China has already threatened with trade war should it be subjected to border carbon
adjustments (Voituriez and Wang, 2011) and given increased concerns over protectionism and trade
war (Denyer, 2017).

In this paper, we take a more comprehensive approach and compare implications for coalition
stability under three principal policy regimes: (i) A regime without trade sanctions; (ii) a regime
in which coalition members use trade sanctions in the form of import tariffs against outsiders; and
(iii) a regime in which coalition members use trade sanctions and outsiders retaliate with import
tariffs.

We combine stylized theoretical analysis in a non-cooperative game theoretic model and numer-
ical analysis in a static multi-region, multi-sector CGE model of global trade and energy use. Our

theoretical findings suggest that trade sanctions increase the incentives to cooperate when retali-

ation is prohibited, which is in line with former findings in the literature. Considering retaliation

3Prominently, Joseph Stiglitz has explicitly argued in this vein, stating “Fortunately, we have an international trade
framework that can be used to force states that inflict harm on others to behave in a better fashion.” (Stiglitz, 2006)

4In contrast, in the Montreal Protocol from 1987, which controls substances that deplete the ozon layer, the incorporation
of trade measures is considered to have been successful as a threat to ensure full cooperation (Barrett, 2011).

SFormer French President and then presidential candidate Nicolas Sarkozy: “And so I ask that Europe construct a
carbon tax at Europe’s borders, a tax of one to three percent for all the products that come from the United States, if
the United States exempts itself from the environmental regulations that we ourselves have imposed on our businesses.”
(Harvey, 2016).

6 An exception is Bohringer et al. (2016), who include retaliation but don’t use a concept of internal coalition stability.



by outsiders, however, leads to a “threshold”-effect: coalitions above a certain size are stabilized
compared to the regime without trade sanctions, while coalitions below this threshold are desta-
bilized. This leads to multiple equilibria. In particular, non-cooperation (the empty coalition) is
always stable in the regime with retaliation. Our numerical analysis indicates that prospects for
cooperation are reduced substantially when outsiders are able to retaliate; the size of the smallest
internally stable coalition (other than the empty coalition) in scenarios with trade sanctions and
retaliation is well above the size of the stable coalition in the absence of trade sanctions for most
scenarios.

Our contribution to the existing literature is twofold. First, former analyses of trade sanctions
as a means to foster cooperation in climate policy largely relies on the assumption that outsiders
are not able to respond to trade sanctions with retaliation. We consider a regime in which outsiders
do retaliate in a theoretical model of an international environmental agreement. Second, we use
a multi-sector, multi-region CGE model with a full representation of international trade. This
allows a quantification of our analytical findings in a setting with asymmetric regions and where
regional and global welfare effects due to climate and trade policies are fully endogenized.” This is
of particular virtue as the basic mechanism affecting incentives for cooperation is welfare changes
through trade policy.

The remainder of the paper is structured as follows: In section 2, we review related theoretical
and applied literature. In section 3, we briefly discuss the economic rationale for the use of trade
sanctions. After that, we lay out the assumptions in our three policy regimes in detail. In section
4, we formulate the theoretical model. We subsequently present results on coalition stability under
the three regimes. Section 5 introduces the CGE model and data. The quantitative results are

discussed in section 6 before we conclude in section 7.

2 Literature Review

Our paper relates both to the game theoretic literature on the nexus of coalition stability and
trade and to the applied literature on trade measures in subglobal climate policies. We give an
overview of these strands of literature where we focus on work that is more closely related to our
considerations.

The game theoretic literature on international environmental agreements (IEAs) started to

analyze the logic of coalition formation in the 1990s with seminal papers by Hoel (1992), Carraro

"Nordhaus (2015) argues that including a full international trade model is unnecessarily complex. Instead he uses what
he calls “reduced-form tariff benefit functions” to represent regional welfare changes induced by tariffs in his C-DICE model.
These functions are calibrated using a trade model by Ossa (2014).



and Siniscalco (1993), and Barrett (1994). Barrett (1997) shows in a model with symmetric
countries that a trade ban accompanied by a minimum participation clause may help to sustain full
cooperation on the provision of a global public good. In contrast, Dong and Zhao (2009) allow for
endogenous tariffs which do not serve as a sanction to enforce higher cooperation in their model of an
IEA. They find that the total effect of trade on IEA-participation can be positive or negative so that
it is not clear if trade increases cooperation. Conconi and Perroni (2002) show in a cooperative game
theoretical setting with three symmetric countries that linking decisions on trade and environment
can have positive effects on cooperation if environmental costs and benefits are small compared
to the costs and benefits of trade policies but can rather hinder cooperation for broader issues
like climate change. Neumayer (2002) and Egger et al. (2011) empirically study determinants of
cooperation in environmental agreements and find that trade openness has a positive influence
on participation. Eichner and Pethig (2013) analyse IEA-formation in a model with consumption
and production of fossil fuel and a composite consumer good and international trade. They find
that with free trade larger coalitions may be sustained than under autarky, but achieve only slight
emissions reductions. The model is extended in Eichner and Pethig (2014) where they show that
the additional option of a fossil-fuel supply tax may increase global emissions reductions.

The applied literature has thoroughly studied border carbon adjustments as a measure to
overcome drawbacks of unilateral carbon pricing associated with carbon leakage — for overview
articles see Bohringer et al. (2012) and Branger and Quirion (2014). The focus of this literature
has been on the ability of border measures as a means to combat carbon leakage, improve the
global cost effectiveness of emission abatement, and reduce adverse impacts on domestic emission-
intensive and trade-exposed industries being subjected to unilateral emission regulation. The main
findings on border carbon adjustments are that they markedly reduce carbon leakage but their
impact on global costs is only moderate. Their main effect is a strong burden shifting from abating
to unregulated regions through changes in relative prices of traded goods (terms of trade).

Recently, the focus in applied research has shifted towards the idea of using trade measures not
as means to improve sub-global policies given a certain climate coalition, but as a stick to incentivize
cooperation and to enlarge the coalition. To our best knowledge, only two papers explicitly take
into account possible retaliation by regions subjected to tariffs. Bohringer et al. (2016) use a static
computable general equilibrium (CGE) model and set up a game between a coalition that is going
forward with carbon pricing and non-coalition regions. The coalition can use carbon tariffs against
outsiders. Non-coalition regions can either join the coalition, retaliate, or do nothing. They show
that — even under the threat of retaliation — trade measures can spur prospects for cooperation.

However, they do not use a concept of internal stability of the climate coalition. Bohringer and



Rutherford (2017) investigate prospects of trade sanctions against the US in order to coerce the
US back into the Paris Agreement. They find that even trade war is no credible threat against the
US, as the market power of the US on international markets is too large.

Most closely related to our analysis are the studies by Lessmann et al. (2009) and Nordhaus
(2015). Lessmann et al. (2009) develop a dynamic model of cooperation and study the effect of
trade sanctions in the form of import tariffs on participation in an IEA. They find that low tariff
rates of 1.5 to 4% are sufficient to induce full cooperation. By assumption, however, outsiders are
not able to retaliate.

In a more recent study, Nordhaus (2015) also suggests trade sanctions in his proposal for a mech-
anism that may help to stabilize an international environmental agreement that he calls ’climate
club’® These sanctions — in the form of uniform import tariffs — are put in place against out-
siders to increase cooperation and stabilize the climate agreement. From numerical simulations he
concludes that prospects for international cooperation increase substantially when abating regions
impose small trade sanctions against non-participants. As in Lessmann et al. (2009), his results
rely on the assumption that outsiders are not able to respond to trade sanctions by members,

assuming the treaty would prohibit retaliation.

3 Trade sanctions, policy regimes, and stability

In order to lay out policy regimes we need to be clear about the economic rationale behind import
tariffs as a sanctioning mechanism, which traces back to Bickerdike (1906). We discuss this in a
non-technical way and describe the details of the policy regimes we analyze in subsequent sections.
This forms the basis for our analytical and numerical considerations.

Assume a large importing region in an undistorted equilibrium. In theory, the domestic welfare
effect of imposing import tariffs is driven by two opposing factors: (i) The tariff reduces demand for
the imported good, which puts a downward pressure on the respective import price. Consequently,
the ratio of export and import prices changes in favor of the tariff imposing country, which can
now pay for more physical units of imports with the same physical amount of exports. This is
the terms-of-trade effect. In that sense, the tariff works as a substitute for the exertion of market
power by consumers on the demand side. (ii) Starting from an undistorted equilibrium, the tariff
creates a deadweight loss.

In a linear demand and supply structure, domestic welfare improvements due to the first effect

are proportional to the tariff rate, while the deadweight loss is quadratic in the tariff rate. This

8Note that there exist other definitions of the concept of climate clubs — see e.g. Weischer et al. (2012), Widerberg and
Stenson (2013), and Hagen and Eisenack (2015).



implies that for low tariff rates the former effect dominates the latter, i.e. there is scope for
welfare improvements for tariff rates up to an “optimal tariff” for the taxing country. Global
welfare, however, will unambiguously decline compared to the undistorted equilibrium due to the
deadweight loss.

We represent these effects in a very stylized way in our analytical model. In the CGE framework,
price changes — and thus terms-of-trade effects — as well as costs due to trade distortions are
endogenous to the represented production, consumption, and trade activities.

We investigate three different policy regimes for international climate policy analytically and
numerically. In all regimes, we assume a global social cost of carbon (SCC) as an exogenous
parameter. The global SCC translates into regional SCCs via GDP-shares which can be interpreted
as a regional constant marginal benefit of emission abatement. In a non-cooperative setting each
region has an incentive to abate emissions up the point where marginal abatement cost equal
marginal benefits, i.e. to introduce a CO, tax equal to its regional SCC. We refer to this reference
situation as the empty coalition.

In our first policy regime — denoted NTRF — we allow cooperation but no trade sanctions. In
this case, regions can form coalitions in order to jointly maximize their net payoffs. In the second
regime — denoted UTRF — coalition members unilaterally impose trade sanctions on outsiders in
the form of uniform import tariffs. Outsiders are prohibited from retaliating. Under the third
regime — denoted RTRF — coalition members impose trade sanctions and outsiders retaliate by
imposing uniform import tariffs themselves.

To investigate coalition stability under different regimes, we apply the concepts of internal and
external stability (D’Aspremont et al., 1983) which are standard in the literature of IEAs (Hoel,
1992; Carraro and Siniscalco, 1993; Marchiori et al., 2017). Internal stability implies that no
member country has an incentive to leave the agreement whereas the external stability condition

is satisfied if no outsider has an incentive to join the existing coalition.

4 Analytical model

To study the qualitative effects of trade sanctions and retaliation on the stability of IEAs we
setup a stylized non-cooperative game theoretical model which follows standard assumptions in
the TEA-literature (Marrouch and Ray Chaudhuri, 2016; Finus, 2001; Hagen et al., 2017) before
the simulations in the calibrated CGE model allow for a quantification of the impacts. The policy
regimes without trade sanctions (NTRF) and with unilateral trade sanctions (UTRF) are com-

pletely in line with former work. We develop them here for the sake of completeness and in order to



set up definitions and function specifications to arrive at our main result on coalition stability under
trade sanctions and retaliation ( RTRF'). We analyze stable coalitions in the NTRF regime and

then study the impact of a policy regime shift to UTRF and RTRF on the stability of coalitions.

4.1 The two-stage game

The model is set up as a two-stage game (e.g. Barrett, 2001). At the first stage, countries decide
if they join the climate coalition or not. At the second stage, the members of the coalition decide
cooperatively about the amount of emission abatement in a simultaneous game between the coali-
tion and the outsiders. Assume there are i = 1,..., N symmetric regions with individual payoffs

from emission abatement I1(g;, @),
1
(g, Q) = 0@ — ged?, (1)

where ¢; is the amount of abatement undertaken by region i, and @ =), ¢; is the global amount
of abatement. Parameter b > 0 denotes the constant marginal benefit of emission abatement for
an individual region. Hence, we can interpret b as the regional social cost of carbon, and bV as
the global social cost of carbon, accordingly. Parameter ¢ > 0 shapes the quadratic abatement
cost function. The model is solved by backward induction, solving the abatement stage first. By
assumption, trade sanctions don’t affect abatement costs, thus results on optimal abatement are
valid for all of our three policy regimes.

First, we determine the outsiders’ abatement decisions. Each outsider country chooses qy,: to

maximize (1), so that

. b
Qout = E (2)

It follows that the abatement decision of outsider countries is a dominant strategy and does not
depend on other countries’ decisions.” To determine the member countries’ abatement decision

qr,, We consider the joint payoff for a coalition with & members, which is given by
L 9
ET(qcoa, Q) = kbQ — k§cqcoa. (3)

Note that at this stage of the game the number of coalition members k is taken as given and thus

not considered as a decision variable. Maximization of (3) determines the amount of abatement

9Note that the dominant strategies of outsiders imply that the model results also hold for a sequential Stackelberg
version of the game (as in e.g. Barrett, 1994; Diamantoudi and Sartzetakis, 2006; Rubio and Ulph, 2006) with the coalition
deciding first and the outsiders behaving as Stackelberg-followers.



qr,, that is undertaken by any member country of the agreement as
b
qzoa =k E (4)

Comparing (2) and (4) shows that members of the coalition abate more emissions than outsiders do.
A member country’s emissions abatement depends on the size of the coalition but is independent of
the outsiders’ abatement decisions. Effectively, each member abates up to the point where marginal
abatement cost equal joint marginal benefits in the coalition.'?

Now we turn to the membership stage. Let Il.., (k) denote the payoff of an individual member
in a coalition of k and I, (k) the payoff for a outsider. Formally, the stability conditions for a

coalition of k£ then read

Moo (k) > Moyt (k — 1) for internal stability, and

Iyt (k) > Mepe(k 4 1) for external stability.
Following Hoel and Schneider (1997) we define the stability function ® in general as
D(k) :=Tepq (k) — oyt (k — 1). (5)

Thus, a coalition of size k is internally and externally stable if ®(k) > 0 and ®(k + 1) < 0. In the

following, we use superscripts to distinguish between the three policy regimes NTRF, UTRF, and
RTRF.

4.2 Policy regime NTRF: Agreement stability without trade sanctions

In case of our functional specification, using (2) and (4), it is straighforward to see that for all
coalitions k > 2 the stability function

q)NTRF(k) _ HNTRF(]C) o HNTRF(k o 1) (6)

coa out

is monotonically decreasing and thus an internally and externally stable coalition is characterized
by the largest integer k that satisfies ® > 0, which is in our case £k = 3. Note that this result
hinges on the assumption of linear benefits of abatement (as in e.g. Fuentes-Albero and Rubio,

2010; Pavlova and de Zeeuw, 2013). Other specifications of the model, as in Barrett (1994), also

10We mirror this in our numerical analysis, where coalition members set a carbon tax equal to the sum of regional SCCs
in the coalition, see section 5.



find the possibility for larger coalitions if benefits from cooperation are small. This effect is known
as the paradox of cooperation. As we focus our analytical model on the effects of trade sanctions
on the stability of IEAs we employ the simple linear-quadratic specification instead of emphasizing

a more complex payoff structure.

4.3 Policy regime UTRF: Trade sanctions as a means for stability

Now assume that members of the coalition impose unilateral trade sanctions in the form of import
tariffs at rate § > 0 on the outsiders (regime UTRF). We assume throughout this section that the
imposed tariff rate is below the optimal tariff rate. In line with our considerations from section
3, each member will enjoy a welfare gain from the tariff (6, N — k) > 0 while outsiders face a
cost ((0,k) > 0 and 8 and ¢ are monotonically increasing in 6 (up to the optimal tariff rate). The
magnitude of gains and costs for a specific tariff rate depend on the coalition size. We can assume
that for an individual coalition member, the welfare gain will be greater in smaller coalitions,
as more import flows are taxed at the border. Likewise, losses for outsiders will increase in the
coalition size.
Thus, the stability function becomes

QUTEE (] 0y = INTRE (B 1 B0, N — k) — INTRE (] — 1) 4 (0, k — 1). (7)

coa out

What can we say about moving from NTRF to UTRF, i.e. what is the effect of an imposition of
unilateral trade sanctions on coalition stability? For a clear-cut comparison between NTRF and

UTRF, we take a look at the net stability function, defined as:

ADYN(9 k) .= ®UTEE (9 k) — ONTRE (1) = B(O, N — k) + (0, k — 1). (8)

We can interpret the net stability function as the change in the basic incentive structure when
moving from one regime to the other: positive values of the net stability function A®YY indicate
that under the UT' RF regime it is more attractive to be a member of a coalition of size k than
under NTRF, thus the coalition would be stabilized through the regime shift; likewise, negative
values indicate that the respective coalition would be destabilized.

The net stability function A®YYN is unambiguously positive, which indicates that for every
coalition size k the incentive to be member of the coalition is higher under UTRF than under

NTRF for any tariff rate 0.!!

Recall that we are assuming tariffs rates below the optimal tariff, i.e. sufficiently low to imply welfare gains for the
imposing region.

10



4.4 Policy regime RTRF: Agreement stability with trade sanctions and

retaliation

The picture changes if outsiders react with retaliatory policies (regime RTRF). Assume that out-
siders raise retaliatory trade sanctions at the same rate as the sanctioning tariff §. These in turn
benefit the outsiders who gain 3(6,%). The members of the coalition who are now targeted by
trade sanctions themselves lose ((6, N — k). The loss for coalition members thus increases with
the level of retaliatory trade sanctions as well as with the number of outsiders that apply those
sanctions. Including trade sanctions and retaliation, the stability function now becomes

QRTEE (] 0y = MNTRE (Y 4 B(O, N —k)— (0, N — k) —TINIRE (5 1) +-¢(0,k—1)—B(0,k—1). (9)

coa out

It is apparent that retaliation has a destabilizing effect compared to unilateral trade sanctions only

(UTRF), as the net stability function

AGRU = RTRF _ gUTRE — _g(g | — 1)~ (6, N — k) (10)

is unambiguously negative. The effect is the largest for small coalitions and decreases with the
coalition size.

The more relevant question is: What can we say about a change from NTRF to RTRF? For
simplicity, we make the assumption that a tariff-imposing region receives the same benefit 5(6)
from each region it taxes, i.e. 8(8, N — k) = (N — k)B(6). A similar assumption about the loss
of targeted countries implies (0, k) = k¢(0). With these additional assumption, we can formulate

our key analytical finding.

Proposition 1. The effect of trade sanctions and retaliation on coalition stability compared to a
no-tariff regime depends on the coalition size. Coalitions below a threshold size of k = (N +1)/2

are destabilized. For coalitions larger than size k the stabilizing effect of trade sanctions dominates.
Proof. Appendix A. O

The stylized analytical representation of an IEA shows the main effects of the introduction of
trade sanctions and the possibility of retaliation by outsiders on the agreement stability compared
to the no-tariff regime. Trade sanctions serve as a means to stabilize coalitions if retaliation is
prohibited. The stabilizing effect increases with the coalition size. However, retaliation has a
destabilizing effect which is decreasing in the coalition size. The total effect of both sanctions

and retaliation depends on the coalition size: for larger coalitions, the stabilizing effect of trade

11



sanctions dominates, while for small coalitions the destabilizing effect of retaliation dominates.
These opposed effects are to be quantified in a more detailed modelling approach. Using a CGE
model allows us to endogenize abatement costs as well as welfare effects triggered by trade measures

and to quantify the effects of trade sanctions and retaliation.

5 Numerical model, data, and scenarios

5.1 Numerical model

For our quantitative assessment, we use a standard static multi-region, multi-sector CGE model of
global trade and energy that was developed for numerical analyses on border carbon adjustments in
sub-global climate policies. The CGE framework is particularly well suited to analyze quantitative
implications of trade measures on coalition stability, as global and regional welfare implications of
emission abatement and trade policies are fully endogenized. In this section, we provide a brief
non-technical summary of the model. A detailed description including an algebraic formulation
can be found in Bohringer et al. (2015).

Primary factors of production comprise labor, capital, and fossil resources. Labor and capital
are assumed to be mobile across sectors within each region but not internationally mobile. Fossil
resources (gas, crude oil, and coal) are sector-specific capital in fossil fuel production. Factor
markets are perfectly competitive.

Final consumption in each region is represented through a representative agent who receives
income from primary factors and maximizes welfare subject to a budget constraint and constant-
elasticity-of-substitution (CES) utility.

The production of goods other than fossil resources is represented through a standard nested
CES function, where at the top level a composite of value added, energy and material intermediate
inputs trades off with a transport composite of international transport services. In fossil resource
production, the specific resource factor trades off with a Leontief composite of all other inputs at
a constant elasticity of substitution. Output of each production sector is allocated either to the
domestic market or the export market according to a constant-elasticity-of-transformation function.

Government and investment demand are fixed at real benchmark levels. Investment is paid by
savings of the representative agent while taxes pay for the provision of public goods and services.

International trade is modeled following Armington’s differentiated goods approach, where
goods are distinguished by origin (Armington, 1969). The Armington composite for a traded

good is a CES function of domestic production for that sector and an imported composite. The

12



import composite, in turn, is a CES function of production from all other countries. A balance of
payment constraint incorporates the base-year trade deficit or surplus for each region.

CO, emissions are linked in fixed proportions to the use of fossil fuels, with region- and sector-
specific COs coefficients. Restrictions to the use of COy emissions in production and consumption
are implemented through exogenous CO; taxes. COs emission abatement then takes place by
fuel switching or energy savings — either by fuel-non-fuel substitution or by a scale reduction of

production and final demand activities.

5.2 Data

For the calibration of model parameters, we use the latest version of the database from the Global
Trade Analysis Project (GTAP version 9) with base-year 2011 (Aguiar et al., 2016). The GTAP
database provides multi-region, multi-sector input-output tables, international trade flows on the
sectoral level, sector- and fuel specific COs data, as well as substitution elasticities for production
and trade for 140 regions and 57 sectors. We aggregate the database according to our research
questions, as summarized in Table 1. On the regional level, we follow Nordhaus (2015) and aggre-
gate to the 15 major economic world regions including the USA, Europe, Japan, Russia, and China.
On the sectoral level, we represent the most important sectors when it comes to the combination of
carbon and trade policy: we individually represent the primary and secondary energy goods coal,
crude oil, natural gas, and electricity. Additionally, we include aggregated sectors for energy- and
trade- intensive industries, transport industries, and all other goods, respectively.

We calibrate the model to base-year input-output data, i.e. we determine the parameters such
that the economic flows represented in the data are consistent with the optimizing behavior of the
economic agents. The responses of agents to price changes are determined by a set of exogenous
elasticities taken from the econometric literature. Elasticities in international trade (Armington
elasticities) and substitution possibilities in production (between primary factor inputs) are directly
provided by the GTAP 9 database. In fossil fuel production, elasticities of substitution between
the resource and all other inputs are calibrated to match exogenous estimates of fossil-fuel supply

elasticities (Graham et al., 1999; Krichene, 2002; Ringlund et al., 2008).

5.3 Scenarios

One particular scenario in our simulations is composed of assumptions along four dimensions: the
global social cost of carbon (SCC), the climate coalition, the policy regime, and the tariff rate, as

summarized in Table 2.
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Table 1: Model sectors and regions

Sectors and commodities

Countries and regions

Energy sectors

United States of America

Coal Europe
Crude oil China
Natural gas India
Refined oil products Russia
Electricity Japan
Aggregated sectors Canada
EITE' South Africa
Transport Brasil
All other goods Mideast and North Africa
Eurasia

Latin America
Tropical Africa
Middle-income Asia
Rest of the World

* . . . . . .
EITE - energy-intensive and trade-exposed sectors: chemical products; non-metallic minerals; iron and steel
industry; non-ferrous metals; paper, pulp, and print.

5.3.1 Global social cost of carbon

We include four different assumptions about the global SCC — 12.5, 25, 50, and 100 USD per ton
of CO,.'2 These assumptions are in line with Nordhaus (2015) and with recent recommendations
by the High-Level Commission on Carbon Prices chaired inter alia by Joseph Stiglitz and Lord
Nicholas Stern (CPLC, 2017). We denote the assumptions with SCC-12.5, SCC-25, SCC-50, and
SCC-100.

5.3.2 Coalitions

Our analysis comprises 15 regions, which implies 32767 possible coalitions. Each region has an
assigned regional SCC, which is calculated as its base-year share of global GDP times the global
SCC. In the same way as laid out in the analytical model in section 4, coalitions are specified as
follows: within a coalition, individual members take the sum of their regional SCC’s into account,
while outsiders act solely according to their own regional SCC. Effectively, coalition members apply
a tax on COy emissions equal to the sum of regional SCC’s of members, and outsiders apply a
CO; tax equal to their own regional SCC. In the non-cooperative solution (equivalently: empty

coalition) each region applies a CO; tax equal to their regional SCC.

2For a comprehensive overview of simulations and applications of the concept of the social cost of carbon, see Metcalf
and Stock (2017).
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5.3.3 Policy regimes and tariff rates

Our policy regimes in the numerical analysis exactly refer to those laid out in section 3: In the first
regime NTRF, there are no trade sanctions, i.e. regions are solely applying CO, taxes, where the
tax level depends on whether or not they are part of the coalition. In the second regime UTRF,
we introduce trade sanctions in the form of import tariffs imposed by the climate coalition against
outsiders. The import tariffs apply uniformly over all sectors of the economcy. We include ad-
valorem tariff rates from 1% to 10%. This range is in line with the political discussion, Nordhaus’
analysis and — as the presentation in the next section reveals — covers the spectrum of results

13 The third regime RTRF comprises trade sanctions

conceivable from our analytical analysis.
as in UTRF and additionally retaliation by outsiders. In the case of retaliation (RTRF), our
convention is that outsiders retaliate by applying the same uniform import tariff rate on imports

from members that members apply for their part.

Table 2: Overview of simulation scenarios

Dimension Description and specification

Global social cost of We include four different assumptions about the global social cost of carbon:
carbon SCC-12.5, SCC-25, SCC-50, SCC-100

Coalition We include all possible 32767 coalitions

Policy regime We include three different regimes: NTRF, UTRF, RTRF

Tariff rate Under policy regimes UTRF and RTRF, we include ad-valorem import tariff

rates of 1% to 10%

5.3.4 Business-as-usual

The non-cooperative solution serves as our business-as-usual for the assessment of welfare changes
in the different scenarios.!* Obviously, we have a different business-as-usual for each assumption
about the global SCC. Table 3 gives an overview of our business-as-usuals under the four different
assumptions about the global SCC. The first column shows the GDP shares in our base-year data,
which together with the global SCC define the regional SCC, and thus the regional CO, taxes in the
business-as-usual. Consequently, the regional CO, taxes add up to the exogenous global SCC (row
“Total”). Additionally, we report the global average COs price, which is the emission-weighted

sum of regional CO, taxes. We see that in the non-cooperative solution, the global average CO-

13 An interesting extension would be a setting in which regions apply the welfare maximizing — i.e. optimal — tariff rate
as e.g. in (Bohringer and Rutherford, 2017). For our analysis, however, the simpler assumption of fixed tariff rates is more
appropriate as it relates to the political discussion, the analytical part and to former analysis by Nordhaus (2015).

4We calculate welfare as Hicksian equivalent variation (HEV): the amount of USD that has to be added to the represen-
tatives agents’ business-as-usual income such that she enjoys the same utility level as in the counterfactual. In our case —
as real government demand and real investment demand are fixed — regional HEV is the sum of the change in real private
consumption and the change in global emissions valued at the regional SCC.
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price is only slightly above one tenth of the assumed global SCC.

Table 3: Business-as-usual regional GDP shares and CO; taxes under different assumptions about
the global social cost of carbon

SCC-12.5 SCC-25 SCC-50 SCC-100
GDP share COy tax COy tax COs tax COs tax
Europe 26.4 3.30 6.60 13.21 26.41
United States of America 21.7 2.72 5.43 10.87 21.73
China 10.6 1.32 2.65 5.29 10.59
Japan 8.3 1.03 2.07 4.13 8.26
Mideast and North Africa 5.6 0.70 1.40 2.79 5.58
Latin America 4.8 0.61 1.21 2.42 4.85
Middle-income Asia 3.7 0.47 0.93 1.86 3.72
Brasil 3.5 0.43 0.87 1.73 3.47
Eurasia 3.3 0.42 0.83 1.66 3.32
Russia 2.7 0.33 0.67 1.33 2.67
India 2.6 0.33 0.66 1.32 2.63
Canada 2.5 0.31 0.62 1.24 2.49
Rest of the World 2.2 0.28 0.56 1.12 2.24
Tropical Africa 1.5 0.19 0.37 0.74 1.48
South Africa 0.6 0.07 0.14 0.28 0.57
Total 100 12.5 25 50 100
Global average 1.48 2.95 5.86 11.60

Note.— GDP share is given in % of world GDP; COs tax is given in USD per ton of COy; Global average — emission-
weighted average of regional CO; taxes.

Under each assumption about the global SCC, the policy regime, and the tariff rate, we calculate
regional welfare changes for each of the 15 regions under all possible 32767 coalitions. In the next
step, we check each coalition for internal and external stability, i.e. we compare for each member
region whether it would be better off by leaving the coalition and for each outsiders region whether

it would be better off by joining the coalition.

6 Results

In this section, we discuss the results of our numerical analysis and relate them to insights from the
analytical model in section 4. First we provide an insight to the basic incentive structure under the
three considered policy regimes. In the next part, we analyze findings on stable coalitions, before
we take a closer look at how the incentive structure changes when moving from NTRF to RTRF.
Finally, we discuss implications for global welfare and emission levels in stable coalitions under the

different policy regimes.
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6.1 Basic incentive structures

Before we present quantitative results on stable coalitions under the three policy regimes NTRF,
UTRF, and RTRF in detail, we present the basic incentive structure with regards to cooperation.
Figure 1 shows indicators for these incentives for the four major model regions in terms of GDP —
the United States (US), the European Union (EU), China (CHN), and Japan (JPN): the “Benefit
of in” and the “Cost of out” at an assumed global social cost of carbon of 25 USD and a tariff rate
of 2%. The “Benefit of in” is the welfare change of a region if it forms a coalition of 1. The “Cost
of out” is the welfare change of a region if it leaves the grand coalition.'

In the absence of trade sanctions (regime NTRF'), the “Benefit of in” is zero in all regions, as a
coalition of 1 is technically identical to the non-cooperative equilibrium. The EU is the only region
with a positive “Cost of out”, indicating they would even prefer to stay in the grand coalition.
While the US and Japan would slightly benefit from leaving the grand coalition (in the form of
negative cost), China has by far the strongest incentive to leave the grand coalition. They would
save almost 20 billion USD when going from the grand coalition to the coalition of 14 without
China. The underlying reason is the Armington structure of the model. Due to the differentiation
of goods by origin, regions are able to pass costs due to carbon pricing through to trading partners.
In that respect, carbon pricing can to some extent be a substitute for optimal tariffs and change
the terms of trade in favor of the taxing region. Obviously, substitution possibilities for European
goods are rather limited, thus Europe even prefers to remain in the grand coalition and apply
higher carbon prices.

In case of unilateral tariffs by the coalition (regime UTRF'), we clearly see the unambiguously
positive effect on individual regions incentives. All regions would now prefer to form a coalition of
1, as they would enjoy welfare gains from taxing all there incoming imports. On the other hand,
all regions would suffer dramatically under leaving the grand coalition and thus be subjected to
tariffs by all 14 remaing coalition members.

Now we turn to the comparison between the unilateral tariff regime (UTRF) and the retalia-
tion regime (RTRF), i.e., incentives that may be misrepresented when retaliation is precluded by
assumption. Under RTRF, we find that the “Cost of out” is smaller compared to UTRF, yet still
the represented regions clearly prefer to maintain the grand coalition. The incentive to starting
coalitions, however, that was quite large under UTRF, has turned around and all the regions face

substantial cost of between roughly 10 billion USD (US) and 30 billion USD (China) when forming

These indicators where introduced in Nordhaus (2015).

6The possibility to pass through increased production costs might be exaggerated in the Armington structure compared
to trade models relying on Melitz’ formulation of firm heterogeneity (Melitz, 2003). For the welfare assessment of tariffs
at low rates, however, models employing the Armington structure work well. For comparisons of trade formulations see
(Balistreri and Rutherford, 2012; Balistreri and Markusen, 2009).
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Figure 1: “Benefit of in” and “Cost of out” at a global social cost of carbon of 25 USD and a tariff
rate of 2% under NTRF, UTRF, and RTRF
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Note.— US — United States; EU — Europe; CHN — China; JPN — Japan; Benefit of in — welfare change of a
region if it forms a coalition of 1; Cost of out — welfare change of a region if it leaves the grand coalition.
a coalition of 1. In particular, this shows that the empty coalition is stable now.

This finding is exactly in line with our conclusion from the analytical part: Under a regime
with unilateral trade sanctions, coalitions are stabilized unambiguously. But under a regime with
trade sanctions and retaliation, larger coalitions tend to be stabilized, while smaller coalitions tend

to be destabilized compared to regimes without trade sanctions.

6.2 Stable coalitions

We now turn to stable coalition structures that result from the different policy regimes. Figure
2 shows the size of the stable coalitions in percentage share of world GDP in the policy regimes
NTRF, UTRF, and RTRF for different assumptions about the global social cost of carbon and the

different considered tariff rates from 1% up to 10% for the regimes UTRF and RTRF.

6.2.1 Policy regime NTRF': Stable coalitions in the absence of tariffs

In the absence of tariffs our simulations quantify the basic results from our analytical model in
section 4. In contrast to the expository simple analytical model with symmetric regions the costs
of abatement are fully endogenized in a model calibrated to real world data. Figure 2 shows the
size of the stable coalition in terms of percentage of world GDP for the different scenarios of global

social costs of carbon (SCC) in the policy regime without trade sanctions (NTRF). It indicates
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Figure 2: Percentage share of world GDP of stable coalitions in the policy regimes NTRF, UTRF,
and RTRF for different assumptions about the global social cost of carbon
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that with rather low global SCC of 12.5 USD per ton of CO, a stable coalition covering 58% of
world GDP can be maintained.!” With increasing social costs of carbon the size of the stable
coalition decreases. For a global social cost of carbon of 50 USD only a coalition covering 32% of

world GDP is stable. This coalition remains stable for a global social cost of carbon of 100 USD.

6.2.2 Policy regime UTRF': Stable coalitions with uniform tariffs

Introducing trade sanctions against outsiders of the coalition imposes a strong incentive to join.
We find this effect, which has been extensively discussed by Nordhaus (2015), in the UTRF regime.
Figure 2 shows the size of the stable coalition for the different tariff-scenarios from 1% up to 10%
for the different assumptions about the global social cost of carbon. For low global social costs of
carbon of 12.5 USD the threat of trade sanctions of 1% is already high enough to stabilize the grand
coalition. Of course, if the grand coalition is stabilized by means of sanctions no region is actually
subjected to the tariffs. All regions are members of the coalition while the trade sanctions serve

as a threat for regions in case of leaving the coalition. With higher global social costs of carbon,

I"We find a rather large stable coalition of 58% of world GDP under NTRF. This is due to the assumed Armington
structure of international trade (see footnote 16). Furthermore, our discussion on costs and emissions in subsection 6.3
reveals that while the coalition seems quite large, effectively it only achieves an emission reduction of 1% compared to the
business-as-usual (see Table 4).

19



the tariff rate which is necessary to stabilize the grand coalition increases so that in case of social

costs of carbon of 100 USD only a substantial tariff of 10% could stabilize the grand coalition.

6.2.3 Policy regime RTRF': Stable coalitions with tariffs and retaliation

Allowing outsiders of the coalition to retaliate with the same tariff rate markedly changes the
results (policy regime RTRF'). Figure 2 shows the sizes of stable coalitions in percentage of world
GDP for these scenarios. While the grand coalition can still be stabilized by sufficiently high trade
sanctions, retaliation reduces the threat of being targeted. As a consequence, in case of social
costs of carbon above 12.5 USD the size of stable coalitions that can be maintained with low trade
sanctions decreases in comparison to the scenarios without retaliation. For social costs of carbon
above 25 USD the effect of retaliation is sufficient to destabilize all possible coalitions for a tariff
rate of 1%. More strikingly, in all scenarios with retaliation the non-cooperative outcome is an
equilibrium: the non-cooperative solution. In the same way the threat of trade sanctions against
outsiders can prevent members from leaving the coalition, retaliatory trade measures can prevent

outsiders regions from joining small coalitions that impose trade sanctions on outsiders.

6.2.4 A closer look

The results for the scenarios with retaliation call for a closer look. The existence of two stable
equilibria for almost all of these scenarios raises the question which of the two equilibria might be
reached. Although our analysis does not explicitly consider the dynamics of coalition formation,
our results deliver some insights regarding this question. Our numerical results mirror our insight
from Proposition 1.

The threat of being targeted by trade sanctions of coalition members and thus the stabilizing
effect of tariffs increases with the size of the coalition as the volume of traded goods that is
covered by tariffs increases for outsiders. By the same argument small coalitions are destabilized
by retaliatory trade measures of outsiders: in small coalitions members have a high volume of
trade with outsiders which makes them prone to retaliation. Retaliatory trade measures then
have the potential to incentivize coalition members to leave the coalition to avoid retaliation. As
a consequence, small coalitions are internally instable (and externally stable) which means that
further regions want to leave the coalition while big coalitions are externally instable (and internally
stable) so that further regions want to join the coalition. On the one hand, this means that if an
already larger coalition exists, the introduction of trade sanctions could lead to an even bigger and
possibly grand coalition, even in the presence of retaliation. On the other hand, starting from a

small coalition the introduction of trade sanctions diminishes cooperation and the non-cooperative
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equilibrium results. In other words: the introduction of both trade sanctions and retaliatory
trade measures induce a threshold effect in the coalitional game. Below a certain coalition size
the destabilizing effect of retaliation predominates and leads to the non-cooperative equilibrium
whereas in coalitions above a certain size the stabilizing effect of trade sanctions enables the
formation of even bigger stable coalitions.

Figure 3 shows the size of the smallest internally stable coalition (other than the empty coali-
tion) in the scenarios with trade sanctions and retaliation (RTRF') and the size of the stable
coalition in the absence sanctions (NTRF) in percentage of world GDP. These results show that
the introduction of trade sanctions and retaliation with an already existing coalition that is stable
without sanctions would lead to the non-cooperative equilibrium in most of the scenarios. Only
for low global social costs of carbon of 12.5 USD per ton of COy and for global social costs of
carbon of 25 USD per ton of CO, with tariffs higher than 7% the introduction of trade sanctions
with retaliation could help to stabilize a growing coalition that could ultimately become the grand

coalition.

Figure 3: Percentage share of world GDP of stable coalitions in the policy regime NTRF and of
the smallest internally stable coalitions under RTRF for different assumptions about the global
social cost of carbon
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6.3 Costs and emissions in stable coalitions

We report results on global costs and benefits, global emission changes, and global average CO-
prices in all stable coalitions across our three policy regimes and four assumptions about the global
social cost of carbon (SCC). Table 4 summarizes the results under NTRF and Table 5 shows
the results for the regimes with uniform trade sanctions (UTRF) and with retaliation (RTRF').'8
Global welfare is composed of two factors: (i) economic adjustment costs due to the CO, tax, i.e.
the change in real consumption (item Cost CN in the tables); (ii) environmental benefits due to the
change in global emissions, i.e. the global emission reduction times the respective global social cost
of carbon (Benefit EM). Global welfare is the difference of environmental benefits and economic
costs (Hicksian EV).Y Cost and welfare items are reported as percentage share of business-as-usual
GDP. The global average COs price is given in USD per ton of CO,, and global emissions are given
as percentage change from the business-as-usual.?’

Under NTRF' (Table 4), we find that cooperation reduces the global emission level by 0.6% to
1.4% compared to the respective business-as-usual. The global average CO, price is about 30%
of the efficient level for SCC-12.5 and decreases to roughly 15% of the efficient level for SCC-100
as the size of the stable coalition is smaller. If we focus on the economic adjustment costs, we
find that they are slightly negative under SCC-50. This is again due to the terms of trade.?! As
we move to SCC-100, where we find the same stable coalition as in SCC-50, economic costs have

turned positive. The global welfare gain due to cooperation increases with the assumed SCC.

Table 4: Global cost and emission impacts in stable coalitions under NTRF

SCC-12.5 SCC-25 SCC-50 SCC-100
Cost CN 0.005 0.010 -0.001 0.003
Benefit EM 0.005 0.013 0.011 0.039
Welfare 0.000 0.003 0.012 0.036
COg Price 3.86 6.42 7.61 15.08
Emissions -1.0 -1.4 -0.6 -1.0

Note.— All costs are given as a percentage share of business-as-usual GDP; Cost CN - change in real consumption;
Benefit EM — change in global emissions times the global social cost of carbon; Welfare — Hicksian equivalent variation
(difference of Benefit EM and Cost CN); COg Price — global average price on CO3 emissions in USD/tCO3; Emissions
— percentage change in global emissions.

Now we turn to the comparison of effects under UTRF and RTRF. We find that in each
constellation where the grand coalition is established, emission reductions are substantial compared

to cooperative solutions under NTRF: it ranges from 6.8% for SCC-12.5 to 24.9% for SCC-100. In

18In the case of RTRF, we report outcomes for the largest stable coalitions.

19We take a utilitarian (Benthamite) perspective on global welfare accounting where welfare changes of individual regions
are perfectly substitutable.

20Be aware that each assumption about the global social cost of carbon constitutes a different business-as-usual.

21Recall the discussion of Figure 1.
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these cases, global welfare improves compared to the business-as-usual, exept for SCC-12.5. The
reason is initial tax distortions in the business-as-usual: we set the COs at the Pigouvian rate
irrespective of interactions with pre-existing taxes. For lower assumptions about the externality
(SCC), the externality is relatively small compared to initial tax distortions.

Let’s turn to the cases where the grand coalition is not achieved. For assumptions about
the global SCC of below 100 USD/t CO2, RTRF unambiguously entails lower global emission
reductions and lower global welfare levels than UTRF. Under SCC-100, however, the picture is
mixed. For the cases with a tariff rate higher than 6%, where a very high level of cooperation
is achieved, global welfare implications are rather similar. For tariff rates of 6% and lower, the
comparison of welfare impacts between UTRF and RTRF hinges on the exact composition of the
stable coalition. The coalition is larger under UTRF throughout these cases, which translates into
a higher CO, tax inside the coaltion. From a global efficiency perspective, this drives a larger
wedge between marginal abatement cost inside and outside the coalition. Under RTRF, the COq
tax is lower inside the coalition, but additional trade distortions lead to more emission reductions
outside the coalition. As a manifestation of this effect, the global average price for COs is higher
for a tariff rate of 4% under RTRF compared to UTRF, although the coalition is smaller. The
overall effect plays out positive under RTRF for tariff rates between 2% and 4%, where the global

welfare impact is greater than under UTRF.
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Table 5: Global cost and emission impacts in stable coalitions under UTRF and RTRF

SCC-12.5
Tef 1%  Tef 2%  Trf 3% Tef4%  Tef 5% Trf 6% Trf 7% Tef 8%  Trf 9% Trf 10%
UTRF
Cost CN 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
Benefit EM 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
Welfare -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007
COy Price 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50
Emissions -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8
RTRF
Cost CN 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
Benefit EM 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
Welfare -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007 -0.007
COy Price 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50
Emissions -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8 -6.8
SCC-25
Tef 1%  Trf 2%  Trf 3%  Trf 4%  Tef 5% Trf 6% Tef 7%  Tef 8%  Trf 9% Trf 10%
UTRF
Cost CN 0.091 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103
Benefit EM 0.092 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113
Welfare 0.001 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
COy Price 22.20 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Emissions -9.5 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6
RTRF
Cost CN 0.060 0.101 0.103 0.103 0.103 0.103 0.103 0.103 0.103 0.103
Benefit EM 0.039 0.108 0.113 0.113 0.113 0.113 0.113 0.113 0.113 0.113
Welfare -0.022 0.007 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010
COy Price 14.36 24.50 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
Emissions -4.0 -11.1 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6 -11.6
SCC-50
Tef 1%  Tef 2%  Tef 3%  Trf 4% Tef 5% Trf 6% Trf 7%  Tef 8%  Trf 9% Trf 10%
UTRF
Cost CN 0.106 0.135 0.250 0.250 0.256 0.256 0.256 0.256 0.256 0.256
Benefit EM 0.116 0.138 0.332 0.332 0.346 0.346 0.346 0.346 0.346 0.346
Welfare 0.009 0.004 0.082 0.082 0.090 0.090 0.090 0.090 0.090 0.090
COy Price 24.99 29.74 48.90 48.90 50.00 50.00 50.00 50.00 50.00 50.00
Emissions -6.0 -7.2 -17.3 -17.3 -18.0 -18.0 -18.0 -18.0 -18.0 -18.0
RTRF
Cost CN 0 0.130 0.237 0.251 0.252 0.256 0.256 0.256 0.256 0.256
Benefit EM 0 0.111 0.288 0.332 0.332 0.346 0.346 0.346 0.346 0.346
Welfare 0 -0.020 0.052 0.081 0.080 0.090 0.090 0.090 0.090 0.090
COy Price 5.86 23.77 44.09 48.91 48.91 50.00 50.00 50.00 50.00 50.00
Emissions 0 -5.8 -15.0 -17.3 -17.3 -18.0 -18.0 -18.0 -18.0 -18.0
SCC-100
Tef 1%  Trf 2%  Trf 3% Tef 4%  Trf 5% Trf 6% Tef 7%  Trf 8%  Trf 9% Trf 10%
UTRF
Cost CN 0.104 0.228 0.328 0.336 0.345 0.547 0.549 0.595 0.596 0.607
Benefit EM 0.172 0.312 0.432 0.434 0.437 0.808 0.809 0.925 0.925 0.962
Welfare 0.068 0.084 0.104 0.098 0.092 0.261 0.259 0.330 0.329 0.355
COy Price 27.49 43.24 58.51 58.56 58.61 87.09 87.12 97.49 97.49 100.00
Emissions -4.6 -8.4 -11.6 -11.7 -11.7 -21.7 -21.7 -24.9 -24.9 -25.8
RTRF
Cost CN 0 0.203 0.362 0.391 0.351 0.408 0.570 0.598 0.599 0.600
Benefit EM 0 0.328 0.504 0.523 0.351 0.423 0.814 0.926 0.926 0.927
Welfare 0 0.126 0.142 0.132 0.001 0.015 0.244 0.328 0.327 0.327
COg Price 11.60 36.09 57.50 62.27 46.49 55.94 87.25 97.53 97.54 97.55
Emissions 0 -8.8 -13.5 -14.1 -9.4 -11.4 -21.9 -24.9 -24.9 -24.9

Note.— All costs are given as a percentage share of business-as-usual GDP; Cost CN — change in real con-
sumption; Benefit EM — change in global emissions times the global social cost of carbon; Welfare — Hicksian
equivalent variation (difference of Benefit EM and Cost CN); CO2 Price — global average price on CO2 emis-
sions in USD/tCO2; Emissions — percentage change in global emissions; Trf — Tariff rate.
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7 Conclusion

Former studies of import tariffs as a means to stabilize climate coalitions have concluded that they
are an effective mechanism to foster international cooperation. However, most of these studies
have relied on the assumption that outsiders are not able to retaliate, i.e. to use trade measures
themselves. To close this research gap we use combined analytical and numerical analysis to
investigate implications for internal and external stability under three policy regimes: (i) a regime
without trade sanctions, (ii) a regime in which coalition members use trade sanctions in the form
of uniform import tariffs against outsiders, and (iii) a regime in which coalition members use trade
sanctions and outsiders retaliate with uniform import tariffs.

Our analytical model shows that while trade sanctions without the possibility to retaliate
might stabilize coalitions, incorporating retaliation entails a “threshold” effect: Below a certain
coalition size the destabilizing effect of retaliation predominates and leads to the non-cooperative
equilibrium whereas in coalitions above a certain size the stabilizing effect of trade sanctions enables
the formation of larger stable coalitions.

For our quantitative assessment we use a standard multi-sector, multi-region CGE model, where
regional and global welfare effects due to policy interference is fully endogenized. Our assessment
for scenarios with retaliation shows that while it is still possible to maintain larger stable coalitions,
also the non-cooperative solution becomes stable. In our simulations, the “threshold” coalition size
is well above 50% of world GDP across all assumptions about the global social cost of carbon.

We conclude that the consideration of retaliatory measures substantially decreases prospects
for international cooperation through the threat of trade sanctions. Only after a sufficiently large
climate coalition has already been formed, the threat of trade sanctions might be an effective stick

to establish the grand coalition.
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A  Proof of Proposition 1

The net stability function reads as
AGFN (0, k) := BRTEF (9, k) — SNTRE (k) = (N — 2k + 1)(8(6) — (6)). (11)

Differentiating with respect to coalition size k gives us

OADEN (9, k)

ok = —25(0) + 2¢(6). (12)

We can assume that trade sanctions decrease global welfare due to trade distortions — recall
the discussion in section 3. Thus, the total benefits from trade sanctions are lower than the total
costs which, in our specification, boils down to the condition that benefits from putting tariffs on

. dADEN (0,k)
one trade-flow are lower than the costs, i.e. 5(0) < ((#). Thus, we see that ==~~~ > 0 and

that A®AEN (6, k) has a single zero at k = & for all § > 0. O
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