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1 Introduction22

1.1 Motivation23

This paper reports results from a comparison of models that explore international coali-24

tions for climate policy. Specifically, these models investigate the incentives of nations25

to commit themselves to a climate agreement, and what makes climate agreements sta-26

ble in the sense that participation is enforced by the self-interest of its members. Since27

climate change is a global externality and thus not fully taken into account, national28

actions are in general not globally efficient. How much a climate coalition improves29

upon this dilemma depends on the costs and benefits of the individual nations.30

All models in this study use a numerical approach to explore climate coalition31

formation in a cost-benefit structure that reflects real-world regions and their dynam-32

ics. Three topics where these numerical models give particularly valuable insights33

beyond those from their analytical counterparts are (i) the impact of asymmetry, i.e.34

the regional heterogeneity observed across the world; (ii) quantitative estimates (of the35

order-of-magnitudes), in particular when trade-offs leave the net effects on, say, coali-36

tion stability or free-riding incentives ambiguous; and (iii) the impact of sophisticated37

(non-orthogonal) reaction functions implict in the models, for example related to the38

effects of carbon leakage that add to those incentives directly related to the environmen-39

tal externality. For these topics, both the mechanics and the calibration of the models40

are of central importance, but the uncertainties both within and between models are41

large. The strength of our comparison exercise using multiple models is threefold: it42

will make uncertainty more transparent, help to identify robust results across modeling43

assumptions and parameterizations, and enable learning from the differences.44

Early theoretical investigations resulted in a rather pessimistic assessment of the45

scope of self-enforcing agreements to cope with international environmental issues. In46

their seminal paper Carraro and Siniscalco (1993) find stable coalitions generally to be47

small, and while stable coalitions may be large in the model setup of Barrett (1994),48

this only holds if the gains from cooperating are small. Much of the ensuing research49

has investigated this dilemma and ways around it; for a survey of the literature see50

Finus (2008) and recent advances are discussed in Fuentes-Albero and Rubio (2010).51

Transfer payments were identified as likely game-changers, and Barrett (2001)52

stresses their complementarity to the asymmetry of players: together, transfers and53

asymmetry may well improve cooperation. But not all transfer schemes have poten-54

tial to improve the success of environmental agreements: transfers that do not take55

the strategic implications into account are unlikely to improve an agreement and even56

may hurt its success (Nagashima et al., 2009; Weikard et al., 2006). In fact, transfers57

designed specifically to make cooperation more attractive than free-riding greatly im-58

prove the success of coalitions (Carraro et al., 2006; Nagashima et al., 2009; Weikard,59

2009). Similarly, McGinty (2007) shows the beneficial effect of such transfers within60

the framework of Barrett (1994).61

Recently, studies have focused specifically on the role of asymmetry: Weikard62

(2009) shows that higher levels of participation under such transfers are spurred by63

stronger asymmetry among the coalition members, including the grand coalition. This64

is confirmed by Fuentes-Albero and Rubio (2010) who elaborate that differences in65
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marginal damages (rather than abatement costs or the level of damages) are key to this66

result. While these studies firmly establish a more optimistic prospect for cooperation67

and highlight the importance of heterogeneity, the degree of asymmetry often remains68

a conceptual assumption. Notable exceptions are Carraro et al. (2006) and Nagashima69

et al. (2009), which rely on integrated assessment models to quantify asymmetries.70

This paper is unique in drawing on five (new or updated) projections of the un-71

derlying real-world heterogeneity from integrated assessment models of different com-72

plexity. These models relax limitations of the more stylized models such as linearity in73

damages and transferable utility that are common to all studies discussed above. More74

importantly, their joint assessment allows us to represent the large uncertainties in the75

estimates of the benefits and costs of climate change mitigation.76

Our aim is to explore the implications of real-world asymmetry for coalition stabil-77

ity. To this end, we assess the regional abatement costs and climate change damages78

in the models, and how this cost-benefit structure translates into the incentive to en-79

gage in a climate agreement for specific regions of the world. Our contribution is a80

better understanding of the well-known cooperation failure, particularly in the hetero-81

geneous setting provided by these numerical models. In addition, we explore the role82

of transfers and assess their magnitude and direction when used as a tool to enhance83

cooperation.84

1.2 International Climate Agreements85

Central to this study is the concept of ‘self-enforcing agreements’ or ‘coalition sta-86

bility.’ A climate coalition is a subset of the world’s regions that agree to cooperate87

on climate change mitigation policies. More specifically, we stipulate that within the88

coalition climate change is addressed in an efficient manner, i.e. a manner that max-89

imizes coalitional welfare.1 The coalition adopts a joint climate policy and interacts90

with the remaining regions as a single player each acting selfishly with respect to the91

other.92

In our comparison exercise we apply the concept of cartel stability (d’Aspremont93

and Gabszewicz, 1986) to all models. A coalition is considered stable if it is both inter-94

nally stable, meaning that no member is willing to leave the coalition, and externally95

stable, meaning that all non-members prefer to remain singletons. Formally, any given96

coalition S is stable if for the payoff of player i facing coalition S, πi(S), we have97

πi(S)≥ πi(S\{i}) for all i ∈ S, π j(S)≥ π j(S∪{ j}) for all j /∈ S (1)

This notion of cartel stability was first applied to international environmental agree-98

ments by Hoel (1992), Carraro and Siniscalco (1993), and Barrett (1994).99

Building on this concept, we aim at exploring the drivers of cooperation. In partic-100

ular we also examine the effects of transfer schemes on the prospects for cooperation.101

We employ the concept of potential internal stability (PIS) introduced in the litera-102

ture on international environmental agreements for transferable utility by Carraro et al.103

1Most models implement Pareto-efficiency through maximization of the utilitarian sum of individual
welfare per region. MICA computes a market-equilibrium with full internalization of the climate change
externality.
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(2006). A coalition is said to be potentially internally stable (PIS) if there exists a104

transfer scheme that redistributes payoffs within the coalition such that the coalition is105

internally stable. Formally, PIS requires the existence of a vector of transfers τi such106

that107

πi(S)+ τi ≥ πi(S\{i}) for all i ∈ S (2)

and the sum of all transfers is zero. Note that the simple addition of transfers in condi-108

tion (2) is only appropriate in models with transferable utility. For models that do not109

assume transferable utility but feature a transferable commodity (e.g. consumption),110

transfers can be implemented at the commodity level. Here, a transfer scheme com-111

prises in a redistribution of the commodity between regions at each time period. For112

details of the applied procedure see Kornek et al. (2013).113

The rest of the paper is structured as follows. An overview of the different inte-114

grated assessment models used in this analysis is given in section 2. Section 3 focusses115

on the role of transfers. Section 4 summarizes results and concludes.116

2 Characterization of the Models117

All models in this study are built upon Ramsey’s dynamic model, four of them in-118

clude its optimal consumption/savings decision (Ramsey, 1928). This so-called opti-119

mal growth framework seems particularly apt for economic models with a long time120

horizon as required in the assessment of climate change impacts on the economy. An121

early model to generalize this approach to multiple regions in an application to global122

warming was the RICE model (Nordhaus and Yang, 1996), which participates in this123

study in an updated version (Yang, 2008). Closely related is the ClimNeg World Sim-124

ulation (CWS) model, a modified version of the RICE model, updated to new data in125

its cost and damage parameters (Bréchet et al., 2011; Eyckmans and Finus, 2006; Ey-126

ckmans and Tulkens, 2003). The Model of International Climate Agreements (MICA)127

follows the same economic framework but also with different assumptions about costs128

and benefits. Formally, its main distinction is to include international goods markets129

(Lessmann and Edenhofer, 2011; Lessmann et al., 2009). The fourth model abstracts130

from the consumption/savings decision: the Stable Coalitions model (STACO) takes as131

a starting point the balancing of marginal benefits and marginal costs of emission re-132

ductions and builds onto this a Ramsey-type dynamic abatement structure (Nagashima133

et al., 2009, 2011). All four, RICE, CWS, MICA, and STACO, remain relatively styl-134

ized in their description of the world economy. The World Induced Technological135

Change model (WITCH) is a state-of-the-art integrated assessment model of global136

warming (Bosetti et al., 2006). In contrast to the aforementioned models, which rely137

on stylized abatement cost functions to model emissions reductions, WITCH incorpo-138

rates an explicit representation of mitigation options, particularly in the energy system.139

There is, of course, a trade-off: with increasing computational complexity it becomes140

less feasible to explore all possible climate coalitions. For WITCH, our study must141

therefore resort to selected coalitions.142
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2.1 Non-cooperative and fully cooperative equilibria143

The five models in this study represent quite different views of the world economy.144

This is evident from Table 1, which documents model assumptions and basic behavior145

in selected numbers.146

A key difference of the models is how they value the present against the future.147

Concerning monetary values such as abatement costs or climate change damages, this148

is expressed in the models’ endogenous interest rate. Simple Ramsey models suggest149

that this interest rate depends on the pure rate of time preference and, if the intertem-150

poral elasticity of substitution is strictly positive, on consumption growth.2 Table 1151

shows how models differ in the assumed preference parameters. Together with dif-152

ferent projections about productivity growth, this results in growth rates of economic153

output ranging from 1.2 percent to 2.1 percent per year over the first century. The pure154

rate of time preference is highest for MICA,WITCH, and RICE at 3 percent, and con-155

sequently so are the interest rates in these models (around 5 percent).3 For STACO,156

the pure rate of time preference is lower (at 2 percent) but the (exogenous) assumption157

of relatively strong growth in the coming decades leads to a fairly high initial discount158

rate, especially for emerging economies, which slowly declines over time to values of159

around 3 percent, and 4.2 percent on average. Finally, in CWS the interest rate is the160

same as the pure rate of time preference, 1.5 percent, which is the lowest among the161

models.162

In the non-cooperative equilibrium (NC), i.e. where no coalition forms, greenhouse163

gas (GHG) emissions are of the same order of magnitude in all models, with mod-164

erately lower values in MICA and RICE. Non-cooperative emission reductions a of165

comparable magnitude in most models (about 10 percent of emissions), and about half166

of that in RICE. In the social optimum, emissions are strongly reduced relative to NC167

within the first century (again, with the exception of RICE). In the other models, mit-168

igation reduces climate change damages relative to GDP by several percentage points169

by the end of the century. Especially in STACO and WITCH, the high damages from170

the non-cooperative scenario are reduced by about four percentage points. In RICE,171

the formation of the grand coalition leaves climate change damages almost unchanged172

(we will see later that low damage estimates in RICE are the likely cause for this).173

2.2 Cost/benefit information174

In this section, we introduce two metrics to characterize abatement costs and the sever-175

ity of climate change damages in the models, both globally and on the regional scale.176

Perhaps the most intuitive metric would be to compare marginal cost and marginal177

damage functions. However, this information is not easy to extract from or compare178

between all different models. Our metrics are therefore based on model output of sce-179

nario runs rather than assumptions regarding functional forms and parameter values.180

2This follows from the Keynes-Ramsey rule ċ/c = 1/η (r−ρ) with per capita consumption c, elasticity
of intertemporal substitution η and pure rate of time preference ρ . At the interest rate r households are
indifferent between one unit now or (1+ r) units later.

3Specifically, the pure rates of time preference are constant in RICE and MICA, but diminish in WITCH
from 3 percent initially to 2 percent over the course of a century.
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Table 1: Modeling assumptions and key numbers of non-cooperative and fully cooperative
model dynamics

Modeling assumptions MICA STACO CWS WITCH RICE

Initial year 2005 2011 2000 2005 2000
Time Horizon (years) 190 95 330 145 245
Pure rate of time preference (percent) 3.0 2.0 1.5 3.0 3.0
Intertemp. elast. of subst. 1.0 – 0.0 1.0 1.0

Non-cooperative model behavior MICA STACO CWS WITCH RICE

RICE

Mean GDP growth rateb 2.06 1.97 1.54 1.56 1.24
Mean interest ratec 5.26 4.17 1.50 5.35 4.98
CO2 emissions (GtC) 2015-2100 1516 1827 1754 1963 1404
Non-cooperative CO2 reductions (percent)d 9.8 12.1 10.2 13.0 5.0
Mean CO2 intensity (GtC/tn$) 0.12 0.14 0.13 0.12 0.13
Climate change damage in 2100 (percent)e 5.8 7.8 3.2 9.3 1.6
Carbon price 2100: reg. mean ($/tC) 13 89 49 38 8

Cooperative model behavior MICA STACO CWS WITCH RICE

CO2 emissions (GtC) 2015-2100 953 984 1094 1122 1242
Climate change damage in 2100 (percent)e 3.8 4.0 1.9 4.9 1.5
Carbon price 2100: reg. mean ($/tC) 391 966 529 858 208
Carbon price growth rate to 2100 (percent) 1.90 1.69 0.90 1.02 1.02

a STACO derives the interest rate for discounting payoffs using the Keynes-Ramsey rule to ensure consistency
with a logarithmic utility function and a pure rate of 2 per cent
b Using a time horizon of 100 years
c The endogenous rate at which monetary values are discounted in the model, averaged over regions and time
d Emission reduction in the non-cooperative scenario relative to a business-as-usual scenario without climate
change damages
e Damages are reported as a share of 2100 economic product
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Figure 1: Abatement potential and climate change damages indicators scaled to [−1,1].
Abatement potential was calculated by in every model a common carbon tax trajectory
for all regions. The resulting abatement trajectory (measured in tons) was integrated
over model’s time horizon and scaled relative to the maximum abatement level. The
climate change marginal damage indicator for a particular region was calculated by
taking the average of the difference in carbon price of the grand coalition and the grand
coalition minus the particular region at hand. This indicator was normalized relative
to the maximum average difference over all regions. Model regions are specified in
Tables 7-11.

Measuring regional abatement costs181

Regional abatement costs are inversely related to the regional reductions of emissions182

at a uniform global carbon price – the higher the emissions reduction at this price, the183

lower the associated average costs per unit of reduction. We therefore take cumulative184

regional abatement from a common tax scenario (which results in a uniform global185

carbon price) as an indicator for a region’s abatement potential.4186

Figure 1 shows for each model the abatement potential indicator, i.e. the abatement187

undergone by each region in the tax scenario normalized to the maximum abatement188

4For the common tax scenario, all models implement the same global emissions tax trajectory while
climate change damages were disabled. The cumulative abatement is the absolute emissions reduction,
summed over the models time horizon. We find the global abatement potential to be largest in case of
STACO, followed by MICA, CWS, WITCH, and RICE in declining order. The range of costs is large: in
WITCH and RICE only about two thirds of the abatement triggered in STACO is achieved. Still, abatement
costs are in the same order of magnitude for all five models.
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Figure 2: Aggregate total damages 2015–2100 (discounted) in the non-cooperative
scenario (NC)

level over all regions. The indicator shows, for example, that China and India always189

rank high on abatement potential while for Japan the mitigation costs are perceived to190

be among the largest. We will use the information from this table extensively when dis-191

cussing the main objectives of this note: incentives of specific regions to join a climate192

agreement and the characterization of transfers. In general, one can say that the models193

seem to be in good agreement about their assumptions on the costs of abatement.194

Measuring climate change damages195

Figure 2 compares aggregate discounted damages (total, not marginal) in the non-196

cooperative equilibrium across models. Of course, the underlying dynamics of the197

models are quite different as discussed above: different temperature profiles, economic198

growth and damage assumptions lead to the dissimilarities in the bars. The figure nev-199

ertheless highlights the fact that the damage calibration is low in RICE, resulting to a200

relatively low carbon price in the cooperative scenario (see Table 1).5201

In order to compare the marginal damages from climate change between regions for202

each model, we take a slightly different approach than the total damages shown in Fig-203

ure 2. Instead, we identify those regions as exhibiting higher marginal damages from204

climate change that strongly raise the carbon price when joining the grand coalition.205

The impact on the coalitional carbon price is a good indicator for the way that a joining206

region suffers from climate externalities because by definition these externalities are207

now internalized in the grand coalition’s carbon price.208

To normalize, we take the average of the difference in discounted carbon prices209

before and after the grand coalition is completed by a joining region. The resulting210

5It should be noted that the STACO model considers only benefits from abatement and results do not rely
on the level of damages. Thus, the STACO model is consistent with different damage estimates. The damage
value shown here is based on the assumption that for low levels of temperature change, there are net gains
from climate change.
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measure, normalized to the maximal difference over all regions, is shown in Figure 1211

next to the indicator for abatement potential discussed before.212

One can see that the assumptions on which players would incur the highest marginal213

damages from climate change differ greatly between the models. Each model sees214

a different player to be ranking highest. These differences concerning the marginal215

damage assumptions will be a main driver of the results of the comparison. We will216

highlight this point in the separate analyses hereafter.217

The characterization of regions in Figure 1 will subsequently be used for describing218

their behavior in the coalitions.219

2.3 Incentives of regions220

The different assumptions about model structure and regional characteristics outlined221

in the previous sections jointly determine the strategic behavior of the regions. This222

section looks at the incentive of regions to participate in a climate coalition.223

The incentive to remain in a coalition is described by the incentive to stay, which224

is defined as the payoff received as a member of a given coalition minus the payoff225

outside the coalition (i.e. as a free-riding non-member). For the following discussion,226

we want to structure the driving forces that determine the incentive to stay for a given227

region in the following way:228

1. First, the benefit of joining the coalition for this region, which is in turn influ-229

enced by230

(a) the extent of the externality in this region. When a player joins, this player’s231

externality is henceforth internalized by all coalition members. Thus, the232

higher the marginal damages in the joining region, the more the coalition233

abates as a whole. This positive effect is enforced, as a high marginal234

damage region benefits all the more from additional abatement.235

(b) the reaction functions of the non-members. The free-riding non-members236

may raise their emissions in reaction to the reduced emissions of the coali-237

tion. Such leakage emissions offset the abatement of the coalition and238

therefore have a negative impact on the benefit of joining.239

2. Second, the additional costs incurred by this region upon joining the coalitions.240

We distinguish the abatement costs of a coalition member and other opportunity241

costs242

(a) Abatement costs are a result of the distribution of emission reductions243

which are determined by efficiency in abatement (i.e. the lower the marginal244

costs, the more a region needs to do), and the overall ambition of the coali-245

tion, which depends on the collective marginal climate change damages of246

all coalition members.247

(b) Other opportunity costs emerge when regions are coupled through more248

channels than just the externality. For example, when carbon pricing affects249

the world demand for fossil resources, net exporters of resources will take250
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Figure 3: Carbon price in the OECD coalition (as average net present value). Percent-
ages indicate how climate change damages in the member regions contribute to the
overall carbon price.

the effect of participating in a coalition on their fossil resource revenues251

into account.252

Some of these drivers of stability were covered above (i.e. in the discussion of253

models’ assumption on costs and benefits) and are summarized in Figure 1. Before254

we take a look at the incentives, we discuss the distribution of damages, emissions255

abatement and emission leakage exemplary for the coalition of OECD countries. This256

coalition is one of the few larger coalitions that can be described in all models. Still,257

in some cases, we include “mixed” regions of OECD and non-OECD countries. The258

guiding criterion was whether more than half of the region’s economic output was259

achieved by OECD countries.260

Distribution of Damages261

The extent to which a region benefits from abatement is measured via the carbon price262

(see discussion of Figure 1). Figure 3 reports the average net present value carbon263

price of the first century for each model within the OECD and how individual members264

contribute to it: when a player leaves this coalition, by what percentage does the price265

decrease?6
266

6Since marginal damages are not entirely flat in all models, this procedure is just an approximation of the
decomposition of the cooperative carbon price but since the abatement of the OECD coalition is unambitious
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The absolute level of the carbon price, given above each bar, shows differences in267

the ambition in emissions reduction that this coalition will have across models. While268

for STACO the OECD coalition consists of regions with high damages leading to a269

very high carbon price, the OECD coalition is much less ambitious e.g. in MICA, and270

hence free-riding on the OECD is much less attractive in this model.271

Second, for the OECD-countries, models agree relatively well who contributes the272

most to damages: both the USA and Europe score high in every model, and Japan plays273

a minor role (except in STACO). From the benefit side, these two players therefore gain274

much from the abatement undergone in the coalition. However, one has additionally to275

consider their burden from abatement when joining the agreement to determine their276

net benefit, which we turn to next.277

Distribution of Abatement278

There are numerous ways to distribute the overall abatement among the members of a279

climate coalition. Criteria that guide this decision may, for example, be normative or280

pragmatic criteria, or incentive compatibility considerations. The default distribution281

of abatement in coalition models is driven by efficiency in the sense of maximizing282

the social welfare function of the coalition.7 Efficiency determines first and foremost283

where how much of the emission reductions ought to be achieved to be efficient. This284

approach was taken for the models participating in this exercise.285

For the OECD coalition, Figure 4 shows that its total abatement over the first cen-286

turies is quite different across models (model regions are specified in Tables 7-11). This287

is in part because not quite the same countries are covered. But since differences turn288

out to be large even when regions are identical (e.g. in case of single country regions),289

we conclude that a large part of the differences is due to different cost and benefit as-290

sumptions resulting in different carbon prices of the coalition as well the associated291

abatement potential of its members.292

The distribution of abatement is diverse across models, e.g. the share of USA falls293

anywhere within the range 20-60 percent, for Japan within 1-18 percent, and for Eu-294

rope within 10-30 percent. The large differences in the cost-benefit assumptions also295

translate to the efficient burden sharing schemes. All models agree, however, that the296

largest share of abatement ought to be achieved in the USA, often followed by Europe.8297

Leakage Emissions298

Leakage is the reaction of non-members to the coalition’s behavior in terms of in-299

creased emissions. As such, we can only discuss leakage for incomplete cooperation,300

and this section therefore focuses on the OECD coalition.301

The sensitivity of the reaction functions depends largely on model features that302

determine the ways in which non-members are affected by the coalition.303

and therefore leakage is small, the error is negligible.
7Some models use a weighted sum in the social welfare function, see footnote , hence emission choices

are Pareto-efficient.
8In MICA, the largest share falls onto the rest-of-the-world region, which includes several non-OECD

countries and therefore plays a special role.
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On the one extreme, there is zero leakage in STACO. This is a consequence of as-304

suming constant marginal damages, which implies that abatement is chosen indepen-305

dently in the regions. In all other models, the regions react to the abatement decisions306

of the others.307

MICA, CWS, and RICE show only very moderate leakage: for these models, leak-308

age emissions per region are less than one percent of the coalition’s abatement.309

Regions in WITCH show the strongest free-riding behavior in terms of leakage,310

with total leakage emissions of 16 percent of the OECD’s abatement. In WITCH, the311

coalition affects non-members through an additional channel, namely energy markets312

(see Bosetti and De Cian, 2013, for details). A coalition drives down oil prices and313

free-riders increase their consumption especially of the carbon-intensive oil grades. In314

addition, climate change damages are especially high in WITCH.315

Incentives316

The interplay of all the drivers discussed above jointly determines the incentive to join317

or leave a given coalition. We consider the OECD coalition and the grand coalition in318

turn.319

Figure 5 shows the incentive to stay inside the OECD coalition for all its members.320

If the incentive to stay was positive for all members, the coalition would be internally321

stable. Conversely, the figure shows which regions are responsible when the OECD322
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coalition fails to be internally stable in any of the models. For easy reference, the indi-323

cators of abatement potential and climate change damages from Figure 1 are repeated324

in Figure 5.325

While all models agree that the OECD coalition is not stable, they identify different326

culprits. For example, while the USA player would support the OECD coalition in327

MICA and CWS, the other three models, STACO, WITCH, and RICE, indicate a strong328

incentive to leave for this region. In the following, we will use the major players in the329

OECD coalition (USA, Europe, and Japan) as examples to explain how the drivers330

discussed above interact to form the incentive to join or leave the coalition.331

The USA have a strong motivation to defect from the OECD coalition: their es-332

timated abatement potential is the highest of all OECD players in all models but one333

where it is second to only one other region (to ROW in MICA). This implies that the334

USA would carry a large burden of the emission reductions in this coalition and would335

not join for this reason, which is what three of the models find (STACO, WITCH, and336

RICE). This is overcompensated by the large gains for the USA in this coalition in337

the remaining models (MICA and CWS), where the USA incur the highest marginal338

damages of all coalition members and thus has an incentive to remain in the coalition.339

In these two models it also helps that the ambition level of the OECD coalition is low,340

implying a low burden for its members as most high marginal damage regions are out-341

side the OECD coalition. Conversely, none of the models estimates an incentive for the342

USA to stay in the grand coalition where joint climate change damages imply a much343

higher burden (not shown).344

The incentives of Europe (in the sense of EU-15 countries due to model aggrega-345

tion, i.e. regions EUR, EU, and OLDEURO) are a relatively simple case: in all models346

Europe is a typical happy coalition member, characterized by relatively high marginal347

damages and low abatement potential. Such players have much to gain from coopera-348

tion, but pay little as their burden share remains small. The models therefore agree that349

Europe would want to remain in the OECD coalition.350

Japan is modeled as a single country region except for WITCH, where it is part of351

Canada/Japan/New Zealand (CAJAZ), and in RICE. The models unanimously see little352

abatement potential in Japan by itself. Thus Japan would carry only a small burden,353

which makes it better off in MICA and STACO. In CWS, the estimated marginal dam-354

ages are also very low for Japan. Japan can therefore defect (and save on abatement355

costs) without substantially lowering the ambition level of the coalition, which turns356

out to be preferential. The larger aggregate region CAJAZ of WITCH incurs substan-357

tial abatement costs, tipping the balance towards defection as marginal damages are358

only average compared to the other OECD players.359

Going from the OECD coalition to the grand coalition, positive net incentives to360

join become rare (not shown). Of course, this is a consequence of more ambitious361

emission reductions in this coalition, which places a larger burden on all members.362

The few exceptions are either of the high damage/low burden type discussed above (e.g.363

Japan and Europe in STACO, and SSA in WITCH) or very large players (ROW in CWS364

and RICE), which aggregate a lot of the world’s damages and abatement potential due365

to their sheer size. In WITCH, an additional driver of incentives becomes important366

for very ambitious coalitions: here, in contrast to other models, net revenues from367

trade in oil are part of the region’s income. Coalitions that strongly abate emissions368
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consume substantially less oil leading to a price drop which increases the outsiders’369

consumption. Therefore oil-rich regions, while cutting their own oil consumption when370

joining the coalition, receive large revenues. Interestingly, extraction does not change371

very much and also the price differences are only minor. However, the pattern of372

consumption changes between the different grades of oil leading to increased exports373

of low carbon intensive ones. The top three regions that show the strongest increase374

in oil revenues (MENA, TE, and SSA) are the three players that prefer to stay in the375

grand coalition while this effect is negative for CAJAZ and KOSAU.376

3 Transfers377

3.1 Stable coalitions in IES, IS, and PIS378

In this section, we consider the three stability concepts defined in the introduction:379

internal/external stability (IES), internal stability (IS), and potential internal stability380

(PIS).9,10 Table 2 reports the number of stable coalitions for each stability concept,381

along with maximum coalition size, maximum abatement achieved and maximum wel-382

fare achieved. For the latter two, we use the closing the gap indicator to characterize383

the performance of coalitions, which relates global emission reductions (“environmen-384

tal effectiveness”) and welfare to the gap between the non-cooperative scenario –set to385

zero– and to full cooperation, set to unity (cf. Eyckmans and Finus, 2007).386

Not surprisingly, coalitions that are IES without transfers are small and achieve387

little, which is in line with the existing literature. RICE and CWS are interesting ex-388

ceptions: here the best IES coalitions achieve 33 and 77 percent of the global welfare389

gains of the GC, respectively. For CWS, this is caused by the very large region ROW390

which enables even a two player coalition to achieve much. The best performing coali-391

tion that does not include ROW achieves only a closing the gap indicator for welfare392

of 21 percent.393

When we focus on IS, more coalitions are stable, and the performance improves.394

We want to highlight two interesting observations: (i) participation remains almost395

unchanged (with the only exception of an increase from 3 to 4 players in one model,396

MICA), and (ii) the performance improvement of IS coalitions over IES coalitions is397

substantial for some models, and negligible in others.398

Introducing the transfers that are implicit in PIS has a strong impact: the number399

of stable coalitions increases by 1-2 orders of magnitude, and the corresponding im-400

provement in the closing the gap indicators is also large. Three of the models find that401

the grand coalition is PIS, the other two “close the gap” about half. When superaddi-402

tivity prevails (e.g. in STACO), the PIS coalition generating the highest global welfare403

is not only IS after receiving the implied transfers but also externally stable (ES) and404

hence IES (Eyckmans et al., 2010). In other words, the model comparison shows that405

transfers exist that make it possible to stabilize coalitions that close the welfare gap406

substantially. This is a considerably more optimistic message than the traditional con-407

9The analysis could be extended to include blocking power (or core stability).
10For the models WITCH and RICE, the consumption discount rate was fixed at the one inside the coali-

tion, which leaves the optimization procedure from Kornek et al. (2013) very constraint.
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Table 2: Stable coalitions for internal/external stability and potential internal stabil-
ity.

Model Concepta Number stable Max. size Max. abat.b Max. welf.c

MICA
IES 1 (0.05%) 3 0.06 0.09
IS 54 (2.64%) 4 0.17 0.24
PIS 480 (23.45%) 6 0.31 0.47

STACO
IES 1 (0.02%) 2 0.03 0.03
IS 23 (0.56%) 2 0.07 0.07
PIS 2142 (52.31%) 9 0.59 0.68

CWS
IES 1 (1.59%) 2 0.67 0.77
IS 5 (7.94%) 2 0.67 0.77
PIS 61 (96.83%) 6 1.00 1.00

WITCHd
IES 1 2 0.03 0.05
IS 1 2 0.03 0.05
PISe 5 4 0.17 0.38

RICE
IES 0 (0.00%)
IS 3 (4.76%) 2 0.03 0.06
PISe 7 (11.11%) 2 0.12 0.11

a Stability concepts are abbreviated IES (internal/external stability), IS (internal stability), and PIS
(potential internal stability)
b The maximum global abatement achieved by a coalition is measured by the closing the gap indi-
cator from 0=no-coopartion to 1=full-cooperation.
c Maximum global welfare is measured by the closing the gap indicator.
d In WITCH, only seven selected coalitions were analyzed.
e For the maximization procedure, the discount-rate was held fixed at the level of the PANE-solution.
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Table 3: Permit allocation schemes. The permit allocation for a coalition S is deter-
mined as follows: each member i of S receives qit = ωit ·Qt where Qt = ∑ j∈S e jt are
the available permits within S. Population, emissions and economic product are abbre-
viated pop, e, and y.

Scheme Distribution key

Egalitarian ωit = popit/∑ j∈S pop jt
Grandfathering ωit = ei,t0/∑ j∈S e j,t0
Quota Nash ωit = eNC

it /∑ j∈S eNC
jt

Quota BAU ωit = eND
it /∑ j∈S eND

jt

Historic responsibility ωit =
(
eND

it
)−1

/∑ j∈S

(
eND

jt

)−1

Ability to pay ωit = (yit/popit)
−1 /∑ j∈S (yit/popit)

−1

Ability to pollute ωit = (eit/popit)
−1 /∑ j∈S (eit/popit)

−1

Energy efficiency ωit = (eit/yit)
−1 /∑ j∈S (eit/yit)

−1

clusion derived from analytical models so far. In addition, our multi-model approach408

allows us to conclude that this claim is robust with respect to modeling approaches and409

parameterizations.410

3.2 Transfers and stable coalitions411

The previous section already introduced PIS, which implicitly relies on transfers that412

are designed to make coalitions internally stable wherever this is possible by an ex post413

reallocation of payoff within the coalition. We complement this “incentive driven”414

transfer scheme by a list of “conventional” transfers implicitly defined by burden shar-415

ing rules (Table 3). In contrast, these allocation rules are designed to be either eq-416

uitable or pragmatic. The schemes in Table 3 are taken from Altamirano-Cabrera and417

Finus (2006). To evaluate how burden sharing affects stability of coalitions, we convert418

permit allocations to monetary transfers using the carbon price of the coalition. The419

monetary transfers are added either to the consumption streams or payoff (in case of420

STACO).11
421

How do conventional transfers affect stability?422

In a first look at the implications of the conventional transfer schemes, we analyze how423

a selection of four schemes from Table 3 affects internal stability (IS). Table 4 reports424

the number of IS coalitions under these transfers and how this number changes relative425

to the scenario without transfers.426

11In two models, there is no single carbon price within the coalition (WITCH and RICE) because maxi-
mization of social welfare for the coalition balances marginal value of emissions in terms of utility but not
monetary units. This is different in MICA (where international trade balances marginal utility of consump-
tion) and CWS (which uses a linear utility function). In WITCH and RICE, we use the social cost of carbon
for the conversion instead (computed as the marginal utility of carbon inside coalition divided by the average
per-capita consumption inside the coalition).
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The main conclusion is that transfer schemes that were designed without coalition427

stability in mind have an adverse effect on stability almost unanimously. This is evident428

from the decrease in the number of IS coalitions (cf. the almost exclusively negative429

numbers in the column ∆coal). An exception is “grandfathering” in CWS.430

Why do conventional transfer schemes fail to induce stability? (A comparison431

with PIS-transfers)432

As we have seen above, the conventional transfer schemes fail to induce much stability433

in any model. In Table 5 we compare two additional statistics of the transfer schemes434

to the PIS-transfers in order to track the precise reasons for this in more detail.435

The first column of each model displays the share of PIS coalitions where the sign436

of transfers coincides with PIS transfers, i.e. players that need a positive transfer are437

receivers, and players with a surplus according to PIS have to pay. Hence by definition,438

PIS transfers reach the perfect score of 100 percent and other transfers score lower.439

We find that most conventional transfer schemes stay well below 100 percent for440

this indicator, getting the sign of the required transfer right only about half of the time.441

There are positive exceptions for four of the models (MICA, STACO, CWS, RICE),442

however the models disagree which of the transfer scheme performs best. This is due443

to the fact that these models significantly differ in the damage assumptions of players.444

Therefore the directions of PIS-transfers differ greatly.445

The second column displays the average flow of money between the regions across446

the ensemble. PIS transfers are roughly in the order of magnitude of the “quota bau”447

and “grandfathering”. These two often also perform well for the direction indicator.448

Thus, we have identified two problems of the conventional transfer schemes with449

respect to their negative effect on stability, namely the direction of the induced transfers450

and their magnitude. In view of these indicators, transfers that are based on business451

as usual (e.g. BAU Quota and Grandfathering) seem to do better than others. Espe-452

cially when looking at the magnitude of all transfers listed in the table, there is great453

agreement that stability-enhancing PIS-transfers only demand relatively low flows of454

money.455

How do PIS transfer schemes depend on the properties of coalition members?456

In this section, we characterize the PIS transfers that induce stability. To this end, we457

consider all coalitions in the ensemble and relate properties of coalition members (as458

given by the indicators abatement potential and damages from the model characteriza-459

tion) to the frequency with which they receive a positive transfer (Table 6).460

Table 6 shows the correlation coefficient of the percentage of coalitions in which461

a player receives positive transfers to abatement potential, damages, and the ratio of462

damages to abatement potential.12
463

We find that there is significant agreement among the models that the more damages464

a region incurs from climate change, the more likely it will be that this region has465

a surplus to share with other members, i.e. PIS transfers will be negative (column 2).466

12The significance of the one-sided correlation is indicated with a “*” for the p=0.05 level and a “**” for
the p=0.01 level.
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Table 6: Characterization of PIS transfers with properties of players

Percentage of positive transfer received

Abatement Potential Damages Damages/ Abatement

MICA −0.502 −0.802∗∗ −0.593
STACO 0.117 −0.918∗∗ −0.771∗∗
CWS −0.857∗ −0.914∗ −0.114
WITCH 0.499 0.273 0.078
RICE −0.014 −0.186 −0.357

The other two indicators do not give rise to significant correlation although the numbers467

still indicate the same sign of the relationship in most cases.468

4 Summary and Conclusions469

In this study, we compared five structurally different models and make the modeling470

assumptions on the costs and benefits of climate change mitigation comparable through471

two indicators measuring (a) the regional abatement potential and (b) regional expo-472

sure to climate change damages. While the models’ estimates for abatement potentials473

are in agreement for key world regions, we find large differences in the climate change474

damage estimates that the models prescribe for certain regions. To a large extent, the475

differences reflect the variations in the literature sources that the model parametriza-476

tions are based on and therefore reflect the uncertainty about costs and benefits of477

climate change mitigation in the literature (cf. Metz et al., 2007).478

It is therefore not surprising that the models differ in their assessment whether cer-479

tain coalitions are stable, and whether certain world regions or nations have an incentive480

to be members of a given coalition. (A notable exception is the assessment of the EU,481

for which the models unanimously attest an incentive to support a coalition of OECD482

countries.) However, when we abstract from the identity of the players and instead483

consider their cost-benefit characteristics in terms of the two indicators suggested in484

this study, the models are remarkably consistent in their predictions. We find that the485

indicators of a region’s abatement potential and its exposure to climate change dam-486

ages capture much of its incentives and allow us to understand the regions membership487

preference for or against membership in a coalition. When either abatement potential488

is low (implying a steep marginal abatement cost function) or marginal climate change489

damages are high in a region, the likelihood for a positive incentive to stay is higher.490

In absence of transfers, all models agree that stable coalitions tend to be small and491

achieve little, due to a lack of internal stability of larger, more ambitious coalitions.492

This is in accordance with the theoretical literature and therefore not surprising.493

Transfers designed to minimize free riding incentives as much as possible achieve494

much more: the models find that PIS coalitions are substantially larger and achieve495

about half or more of what full cooperation would achieve both in welfare and GHG496

abatement terms.497
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In contrast, conventional transfers do not improve cooperation, they often even un-498

dermine existing stable coalitions. The reason is, of course, that conventional transfers499

are not reflecting incentives: among other things they frequently induce transfers that500

are (a) too large in their magnitude and (b) transfer wealth in the wrong direction, i.e.501

regions that need transfers to be convinced to stay in a coalition are made to pay regions502

that have no incentive to defect from the coalition.503

Finally, we examine how the properties of coalition members affect the PIS trans-504

fers necessary to stabilize the coalition. We find that players with high damages tend505

to benefit enough from cooperation such that they can share some of these gains.506

The last two findings seem to be robust across the different specifications of the507

models concerning how an incentive-based transfer scheme should be designed and508

that its implementation will increase cooperation greatly. On the one hand, its mag-509

nitude is comparable to allocation schemes based on historic emissions; the financial510

flows demanded are therefore comparably small. On the other hand, players with high511

damages from climate change are eligible for compensating those players with high512

abatement potential that provide the necessary mitigation.513
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Table 7: Regions as defined in MICA and corresponding world regions

Region Countries

AFR Sub-Saharan Africa without South Africa
CHN China
EUR EU-27
IND India
JPN Japan
LAM All American countries except Canada and the United States
MEA North Africa, Middle Eastern and Arab Gulf countries, resource ex-

porting countries within the former Soviet Union, and Pakistan
OAS South East Asia, North Korea, South Korea, Mongolia, Nepal,

Afghanistan
ROW Australia, Canada, New Zealand, South Africa and non-EU27 Euro-

pean states except Russia
RUS Russia
USA United States of America

Table 8: Regions as defined in STACO and corresponding world regions

Region Countries

BRA Brazil
CHN China
EUR Europen Union and European Free Trade Association
HIA High-income Asia, including South Korea and Indonesia
IND India
JPN Japan
MES Middle Eastern countries
OHI Other high-income countries, including Canada, Australia, New

Zealand
ROE Rest of Europe
ROW Rest of the world
RUS Russia
USA United States of America

Table 9: Regions as defined in CWS and corresponding world regions

Region Countries

CHN China
EU EU-15
FSU Former Soviet Union
JPN Japan
ROW Rest of the world
USA United States of America
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Table 10: Regions as defined in WITCH and corresponding world regions

Region Countries

CAJAZ Canada, Japan, New Zealand
CHINA China, including Taiwan
EASIA East Asia without China, Japan, Korea
INDIA India
KOSAU Korea, South Africa, Australia
LACA Latin America and Caribbean
MENA Middle East and Northern Africa
NEWEURO Recent accessions to the European Union
OLDEURO EU-15
SASIA South Asia
SSA Sub-Saharan Africa
TE Non-EU East-Europe and Central Asia
USA United States of America

Table 11: Regions as defined in RICE and corresponding world regions

Region Countries

CHN China
EEC Eastern European countries and the former Soviet Union
EU European Union
OHI Other high-income countries
ROW Rest of the world
USA United States of America
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