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Abstract

No international regime on climate change is going to be fully effective in controlling GHG emissions
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other developing countries. This highlights an unambiguous weakness of the Kyoto Protocol, where
the aforementioned countries either have no binding emission targets or have decided not to comply
with their targets. Therefore, when discussing possible post-Kyoto scenarios, it is crucial to prioritise
participation incentives for all countries, especially those without explicit or with insufficient
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policy approach could lead more countries to adopt effective climate control policies. This policy
approach is explicitly bottom-up, namely it gives each country the freedom to sign agreements and
deals, bilaterally or multilaterally, with other countries, without being constrained by any global
protocol or convention. This study provides a game-theoretic assessment of this policy approach and
then evaluates empirically the possible endogenous emergence of single or multiple climate coalitions.
Welfare and technological consequences of different multiple bloc climate regimes will be assessed
and their overall environmental effectivenesswill be discussed.
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REGIONAL AND SUB-GLOBAL CLIMATE BLOCS.

A GAME-THEORETIC PERSPECTIVE ON BOTTOM-UP CLIMATE REGIMES

1. Introduction

Climate negotiations are a complex dynamic proc€fimate change control, being a global public
good, can hardly be attained on a voluntary badithe same time, there is no supranational aughori
that can impose an effective international climadéicy. Therefore, an international cooperative and
voluntary agreement to curb global greenhouse G&#5) emissions seems to be the only way to
combat climate change. However, because of fréegidncentives and strong economic and
environmental asymmetries, it is unlikely that ateinational climate agreement will be signed by a
large number of countries (Carraro and Siniscal®93; Botteon and Carraro, 1997), unless its goals
are not significantly different from those of a rowoperative, business-as-usual, domestic policy
(Barrett, 1994).

Nonetheless, the diplomacy of climate policy hasienaconsiderable progress in the last ten years.
International climate policy has recently enjoyexdfirst note-worthy success. The Kyoto Protocol
has come into force on February 16, 2005 and ciesnivorld-wide have already started discussions
on a possible, better designed, post-2012 climgiteement.

However, the US defection from the Kyoto Protoandl @he lack of explicit abatement targets for the
main developing countries — China and India abdVe- dave largely reduced the environmental
effectiveness of the Kyoto Protocol, which remaias from achieving the objective of stabilising
GHG concentrations at about 500-550 ppmv. Therefseeeral policy proposals have emerged that
could be adopted after 2012 and that could enhidngcmcentives to participate in a climate agregmen
(Cf. Aldy et al., 2003; Aldy, Barrett and StavindQ03; Bodansky, 2004; Baumert et al., 2002;
CNRS/LEPII-EPE et al., 2003; OECD/IEA, 2002). Soaf¢hese proposals are based on targets and
timetables, others on the adoption of global ecdooinstruments, others on technological
development and cooperation, and others are a midifferent approaches (Cf. Barrett, 2001;
Nordhaus, 2001; Kopp et al., 1999; Pizer, 1999; Mbit and Wilcoxen, 1997).

Among the many existing proposals, there is oneliha both a theoretical and an empirical appeal.
This proposal was launched several years ago byafa(1998, 1999) — where a game-theory
argument was the main driver — and more recemntlgtber authors (Cf. Egenhofer and Legge, 2001,
Egenhofer, Hager and Legge, 2001; Stewart and Wi@@®®3; Reinstein, 2004) on the basis of less



theoretical considerations. The basic idea is tipad bottom-up, country-driven approach to definin
national commitments. Instead of a top-down, iraéomal negotiation of national emission targets,
each country would determine its contribution toomperative effort to curb GHGs and choose the
partners with whom it intends to cooperate. In@pss analogous to trade negotiations, each country
would put its offer of commitments on the negotigttable and invite proposals from other countries

for similar commitments.

This basic idea may lead to a quite fragmentedatimegime and to the formation of climate blocs
(regional coalitions for example) in much the samsy as is now emerging in trade negotiations.
This should not be surprising. In substance, ebwugh not in form, the Kyoto Protocol already
reflects agreements among several different coafiti It incorporates special provisions for several
different groups of countries. The Non-Annex B coi@s have no commitments and can benefit from
emission reduction investments through the CDM. iost vulnerable Non-Annex B countries can
also receive financial assistance for adaptatiomfthe levy imposed on the CDM (and possibly on
the other mechanisms). The European Union has bilgéyaunder Article 4 to redistribute the

emissions reduction burden. Australia ha obtamegtitiated a special provision on land use

emissions in Article 3.7.

In addition, the lesson that can be derived fraadernegotiations consistently tells us that pragoes
trade liberalisation can be achieved mostly throregfional agreements, at least in the coming years.
In international trade, the “resurgence” of regiesm has thus become a crucial subject, underscored
by the formation of competing customs unions arel diebate about free trade areas. Substantial
attention has been focused on the efficiency anglidations of these regional or sub-global co-
operations (Cf. Baldwin, 1993; Casella, 1995; Bleetd Ferrer, 1999; Bond and Syropoulos, 1996;
Krugman, 1991; Yi, 1996a, 1996b and 1998).

In particular, several authors have pointed owdt Regional Trade Agreements (RTAs) may seem to

be contradictory, but they can often actually suppboe WTO’s multilateral trading system (Cf.

! As has been stressed by Egenhofer and Legge (2001 increasingly becoming cleajthaf the Kyoto
Protocol is less a global agreement than a sdffefidg regional approaches”.

2 The strong increase in the number of trade blocemgeats registered with the World Trade Organisaion
discussed in Tjornhom (2000) and Boonekamp (2088ijne 250 regional trade agreements (RTAs) have been
notified to the GATT/WTO up to December 2002, of whitBO were notified after January 1995. Over 170
RTAs are currently in force. An additional 70 aréireated to be operational although not yet notifiBg the

end of 2005, if RTAs reportedly planned or alreadger negotiation are concluded, the total numb&TAs

in force might well number up to 300. As of Octol#803, all 146 WTO Members, with the exception of
Mongolia, participate in or are actively negotigtiegional trade agreements.



Sampson and Woolcock, 2003). Regional agreememts &llowed groups of countries to negotiate
rules and commitments that go beyond what was pusly possible multilaterally. In turn, some of
these rules have paved the way for agreementsnwitié WTO. Services, intellectual property,
environmental standards, investment and competigiolicies are all issues that were raised in
regional negotiations and later developed into ements or topics of discussion in the Wi®or
these reasons, on 6 February 1996, the WTO Ge@Geraicil created the Regional Trade Agreements
Committee. Its purpose is to examine regional gsoampd to assess whether they are consistent with
WTO rules. The committee is also examining howaegi arrangements might affect the multilateral

trading system, and what the relationship betwegional and multilateral arrangements might be.

Can something similar take place in climate negiotiz? Can countries find more incentives to
participate in regional or sub-global climate agneats than in a global agreement? Will regional or
sub-global climate blocs increase the amount ofeatb&HG emissions? Will they help to achieve a

better control of climate change?

This paper answers the above questions from a gaeoeetic perspective, by providing both
theoretical and empirical arguments in favour afisaal and sub-global climate blocs. The next
section will focus on theoretical analyses. It yilbvide a survey of well-known arguments — asiea
well-known among game-theorists — that may alsddpful for climate policy analysts. Then, the
subsequent section will provide an empirical agsess$ of the incentives to participate in several
regional or sub-global climate blocs, and will carg their environmental effectiveness. A final

session will summarise our results and discuss gadicy implications.

2. Regional and sub-global climate blocs. L essons from coalition theory.

The existing theoretical literature on coalitiorrnfmtion provides some reliable indications on the

main features of the final equilibrium outcome tifnate negotiations. If, as is often argued in the

economic literature on international environmertgteements, global agreement is unlikely to be

% The groupings that are important for the WTO are g¢hibst abolish or reduce barriers to trade withia t
group. The WTO agreements recognize that regiamahgements and closer economic integration caeftien
countries. It also recognizes that under some istances regional trading arrangements could hartrade
interests of other countries. Normally, settingaupustoms union or free trade area would violageWhTrO’s
principle of equal treatment for all trading parsé‘most-favoured-nation”). But GATT's Article 24laws
regional trading arrangements to be set up as @adpexception, provided certain strict criteriae anet. In
particular, the arrangements should help trade ffewe freely among the countries in the group withzarriers
being raised on trade with the outside world. lheotwords, regional integration should complemdra t
multilateral trading system and not threaten it.



attained (Cf. Carraro and Siniscalco, 1993; Bari&€94; recent surveys can be found in Barrett/199
2002; Carraro and Galeotti, 2002), on the othedhsaveral small agreements are shown to be the
equilibrium outcome of a coalition formation gaméhapositive externalities (Cf. Bloch, 1997; Yi,
1997; Carraro, 2004), i.e. of a game that — like ¢imate change game — is characterised by free-

riding incentives. Let us briefly review these éattesults.

The strategic choice of players who decide whebherot to form a coalition with other players airid,
they do, with which specific players to cooperdias been the subject of recent research in game
theory! These studies are based on a non-cooperative agipwhere binding commitments are
excluded. This approach is particularly suitableg fmalysing the likely outcomes of future
negotiations on climate change control, becausesugra-national authority exists that can force
countries to adopt policy measures to reduce tB&IG emissions. Let us therefore examine the
indications that the non-cooperative theory of itimal formation provides for the analysis of cliraat

negotiations.

The study of coalition formation poses three bagsiestions (Bloch 1996): (i) which coalitions wik b
formed ? (ii) how will the coalitional worth be diled among members ? (iii) how does the presence
of other coalitions affect the incentives to cogpe? The traditional cooperative game theory (Cf.
Aumann and Dreze, 1974) focuses on the secondiguestthe division of the payoff between
coalition members. The first question has beenmsduaway in most cooperative game theory and
the third one is simply ignored, since the coatliibfunction cannot take into account externalities

among coalitions.

These limitations have led to the emergence ofva steand of literature describing the formation of
coalitions as a non-cooperative process. In thecomperative approach, a player’'s decision to foin
coalition is often modelled as a two stage gamethénfirst stage, a player independently decides
whether or not to join, by anticipating the consape of his/her decision on the economic variables
under control. In the second stage, he/she setsthe of these variables, given the coalitioncttrce
formed in the first stage. Under the simplifying@asption that the second stage equilibrium is umiqu
for any coalition structure, the first stage garam be reduced to a partition function, which assign
value to each coalition in a coalition structureaatunction of the entire coalition structure. This

enables us to capture the important effects ofreatidies across coalitions.

* Most papers have been presented at the annualshap& of the Coalition Theory Network (see
www.feem.it/ctr). Some of them are published in Carraro (2003)iarizemangest al. (2005).



The theoretical literature on the non-cooperativalidon formation has shown that, even without any
commitment to cooperation and even in the presehgositive spillovers (i.e. in the case in which
the formation of a coalition by some players insemathe payoff of the players outside the coaljtion

as for public good provision), countries may formoalition.

The equilibrium coalition structure depends on salvikey assumptions, i.e. the membership rule, the
order of moves, the players’ conjectures, the slopdheir reaction functions (Cf. Carraro and
Marchiori, 2003). Nonetheless, some conclusionmseebe robust with respect to these assumptions
and the related equilibrium concepts. For exanipk treaty is signed by many countries (i.e. @dar
coalition is formed) the amount of public good pd®d by the coalition (e.g. the amount of GHG
abatement) is very close to the non-cooperativénbas-as-usual one (Barrett, 2002). As far as the
goal of this paper is concerned, the most importaniclusion is as follows. If countries are free to
decide not only whether or not to sign a treatydsd which treaty (i.e. which coalition to joithere

is generally more than one coalition at the equiliin. For example, in the case of trade negotiation
there may be several trade blocs. In the case wfoemmental negotiations, several regional or sub-

global climate agreements.

This conclusion can be found for example in BlotB95, 1996), Ray and Vohra (1997, 1999), Yi
(1997, 2003) and Yi and Shin (1995). The modeldugethese studies analyse the formation of
multiple coalitions by adopting different notionsstability. Bloch (1995, 1996) examines an infnit
horizon “coalition unanimity” game, in which a cibn forms if and only if all potential members
agree to form the coalition. Ray and Vohra (19%8uane the “equilibrium binding agreement” rule,
under which coalitions are allowed to break up istealler sub-coalitions only. Yi and Shin (1995)
investigate the “open membership” game, in which-m@mbers can join an existing coalition even
without the consensus of the existing members. ebdfit membership rules lead to different
predictions about stable coalition structures €frraro and Marchiori, 2003). For example, the tope
membership” rule is unlikely to support the grandaltion as an equilibrium outcome. The
equilibrium coalition structure is generally vemagmented. By contrast, the “coalition unanimity”
rule and the “equilibrium binding agreements” ralgport more concentrated coalition structures at

the equilibrium, but quite often not the grand @i (Cf. Finus and Rundshagen, 2003).

Despite these differences, at least two conclusamasommon to all the aforementioned game-theory
contributions. First, if countries can freely dexidthether or not to cooperate, they usually divide

themselves into two groups: a group of countriespeoate, whereas others free-ride. Secondly, at the
equilibrium, the group of cooperators is split is@veral subgroups of cooperating countries, namely
several coalitions form. These coalitions play mooperatively against each other and against the

free-riders.



The above results have been used by Carraro (1198)) to argue that the Kyoto Protocol was
unlikely to be signed by many countries and thatdimergence of alternative climate blocs was highly
likely. More recently, these same conclusions hbgen shown also by Bloch (2003), Finus and
Rundshagen (2003), Yi (2003), Brettevideal. (2004). All these papers use a game-theory approa
However, some indications that regional or sub-glatimate blocs could be the appropriate way to
address the difficulties emerging in climate negfidns can also be found in political science
literature (see for example, Egenhofer and Legf8612Egenhofer, Hager and Legge, 2001; Stewart
and Wiener, 2003; Reinstein, 2004).

Game theory is still unable to identify the chagaistics of the coalitions which could form at the
equilibrium, because in theoretical models coustaige usually assumed to be symmetric. By contrast,
in actual climate negotiations, economic and emvitental asymmetries play a very important role in
defining a country’s participation incentives. Téfre, game theory models cannot tell us whether
coalitions are formed by similar or different coues, whether geographical proximity matters or
whether economic factors are more relevant (e.gethdr climate coalitions will exploit abatement
costs asymmetries). More specifically, game theany hardly identify the climate blocs that are most

likely to emerge out of future negotiations on @i change control.

To address these latter issues, an applied garpeetie analysis — where countries’ asymmetric
economic structures are explicitly modelled — icassary, in order to appropriately identify the
incentives that lead countries to an equilibriunultircoalition climate regime. This is what we aim

to do in the following section.

3. Regional and sub-global climate blocs. An applied gametheory analysis.

The analysis of the possible outcomes of the dyogmicess that defines the incentives to partieipat
in a climate agreement has been carried out bygusimodified version of Nordhaus’ RICE model
(Cf. Nordhaus and Yang, 1996) in which endogenagsiaduced technical change are modelled. In
our version of the model, called FEEM-RICE (Cf. Baanoet al., 2002), technical change performs
a twofold role: on the one hand, via increasinginret to scale, it yields endogenous growth; on the
other hand, by affecting the emission/output ratiaccounts for the adoption of cleaner and energy

saving technologies.

® The FEEM-RICE model has already been used in BuonaB@aoaro, Castelnuovo and Galeotti (2001),
Buonanno, Carraro and Galeotti (2002), Buchnerratarand Cersosimo (2002), Buchner, Carraro, Cengos
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In the model, six countries/regions (US, EU, JafdN), former Soviet Union (FSU), China (CHN)
and the rest of the world (ROW)) optimally set theertemporal values of four strategic variables:
investments, R&D expenditure, abatement effort aetl demand for emission perniit&Vhen no
coalition forms, each country/region maximisesoiten individual welfare, given the other countries’
strategy. Countries which belong to the same doalimaximise their joint welfare. Given the
interdependency of countries’ decisions, the eguilm value of the control variables is the solntio

for a dynamic open-loop Nash game.

In addition to the model structure, two assumptiqoalify our results First, all countries/regions

which adhere to the Kyoto/Bonn agreement are assutmemeet their Kyoto target from 2010
onward® We therefore adopt the so-called “Kyoto foreveypbthesis (Manne and Richels, 1999).
Our reference to the Kyoto/Bonn agreement is pamiyrecise since, for the sake of brevity, we will
at times call the “Kyoto protocol” or “Kyoto/Bonrgeeement” a “Kyoto forever” scenario. Second,
cooperating countries are assumed to adopt casttefé environmental policies. In particular, cost-
effective market mechanisms (e.g. emission tradiagg chosen over “command-and-control’
measures in order to guarantee an efficient impheaten of the environmental targets adopted

within the coalition.

Using the FEEM-RICE model, we will analyse the imidées to move away from the present situation
where the EU, Japan and Russia are committed t@lgorg with their Kyoto targets and where the
other countries/regions are free to determine tledimate policy unilaterally. Therefore, our
benchmark case, or business-as-usual scenariohitchwve compare different potential climate
regimes, is the coalition formed by the AnneydBcountries. A dynamic applied game-theoretic
approach is used to identify a country’s optimedtgtigic behaviour, which will belong to an opendoo

Nash equilibrium.

and Marchiori (2002) and in Buchner and Carraro042(). A brief description is contained in Buonanno,
Carraro and Galeotti (2002).

® Note that, in all climate regimes, abatementstrategic value which is optimally set at its wedfanaximising
level.

" Please note also that our analysis focuses onlg®@®2. There are other man-made greenhouse gasebend
Kyoto Protocol takes some of them into account. édoer, both the Bonn agreement and the subsequent
Marrakech deal emphasise the role of sinks in mgdtie Kyoto targets. As shown by several receatyans

(e.g. Manne and Richels, 2001; Jensen and Thel@®)2the inclusion of the other greenhouse gasdsoén
sinks would further reduce mitigation costs .

8 The use of the “Kyoto forever” hypothesis may bensas a strong assumption. However, the CO2
concentration levels implicit in this assumptichHEEM-RICE is a good description of the world) codecwith
those in the A1B scenario (IPCC, 2001) which carcdmesidered the “median” scenario among those wtliyre
proposed. We thus use the “Kyoto-forever” hypothasit because it represents a realistic scenauntoad a
benchmark with respect to which policy alternatigas be compared.



We will explore the economic and environmental iicgtions of three possible two-bloc climate

regimes. In the first climate regime, one coalit{bfoc) is formed by the EU and Russia, the second
one by Japan and China. In the second regimejrtebfoc is formed by the EU and Japan, whereas
the second one by the US and Russia. Finally, leamalyse the case in which the Annexdbloc

is complemented by a parallel bloc formed by the dasfl China. We will focus on changes of the
main economic variables (welfare, as measured kgodnted future consumption levels, R&D

expenditure, global CO2 emissions and abatemeris,cfis which an indicator is the equilibrium

price in the permit market) with respect to theibess as usual scenario.

Our focus is on post-2012 scenarios. We assumeatigidbal agreement is only one of the possible
outcomes of climate negotiations. Countries are fkse to form regional or sub-global agreements.
Therefore, we consider situations in which coustriikat now belong to the Kyoto coalition may
decide, according to their own economic interdstégeave the Kyoto coalition and cooperate on GHG
emission control with other countries/regions. Tive horizon over which climate policy is
optimised is 2010-2100.

We should stress that the focus of this paper iseconomic incentives. There are several other
political, cultural, environmental factors that tbunfluence a country’s decision to join a given
climate coalition. These will not be addressedhiis {paper. However, the economic dimension of
climate negotiations is a very important one (drab often been considered as the most important one
in the US). Therefore, this paper can provide avaait, albeit partial, contribution to the analysis

the future evolution of international climate pglic

3.1 A two-bloc coalition structure; EU with Russia and Japan with China

The first case that we will analyse, using the FEENLE model and a game-theoretic assessment of
the optimal climate strategies in various countréggons, is the one in which two blocs emergeadut
climate negotiations. Let us assume that the USiraom to adopt their own unilateral climate policy.
What will the other countries do after 20127 Onesgaility is the formation of two regional climate
blocs. One in Europe, formed by the EU and Rusk&other one in the Far-East, formed by Japan
and China.

Russia has a strong interest in intensifying itatiens with Europe, not only in order to improvs i
economic performance, but also to strengthen itiigad role within an enlarged, unified Europe.
Cooperation on climate policy could demonstrate Rassia is indeed willing and prepared to bear

responsibility and would thus be an important stephe direction of Western Europe. The recent



ratification of the Kyoto Protocol by the Putin aidistration confirms this political trend. Theredo

a scenario is which the EU and the FSU closely eaatp on climate seems to be likely, whereas there
IS increasing emphasis in Japan in favour of reaiesonomic cooperation in East Asia and above all
with China. Therefore, as part of its efforts tetiy cooperation with China, Japan could also epo

a deal concerning GHG emission reduction.

The cooperation between China and Japan seems ptabsible because it would quite plausibly
enhance the role of their geographical area arglghue the two countries stronger political weight.
addition, this cooperation could enable Japan doge its high abatement costs, China to improve its
environmental performance and at the same timeradit from selling permits in the bilateral
emission trading market. Since China officially dmstrates its “strong expectations of advanced
Japanese environmental protection technologiesotobat its own environmental problems” (The
Japan Times, Jan. ‘262002), a “win-win case” could be established Hif@& could improve its
environmental protection with Japanese assistamtde Japan could reach its Kyoto emission

reduction target at a lower cost by cooperatindp v@dhina.

Figure 1 illustrates the main economic and envirental consequences of a regime based on two
regional blocs: EU and FSU on the one hand, JPNCirida on the other one. From Figure 1, it is
clear that, with respect to the Annex,8case, China and FSU are the two losers. Chinaubeda
moves from free-riding to climate change coopergtieven though its abatement target is close to
what it would be in a business-as-usual scerfafibe welfare loss of the FSU is even stronger
because Japan no longer buys permits from the FB&fefore, the permit price in the bilateral market
with the EU becomes very low with respect to theegowhen the Annex Bs coalition forms (-
25.2%). As a consequence, the EU reduces its abaternsts through a lower permit price induced

by the reduced demand compared to the benchmagk cas

Japan is the main winner in this scenario. Japarsdeecause it can buy cheaper permits from China,
since the permit price falls in comparison to th€ydto forever” regime where the Annex.8
coalition forms (in particular, the permit price tinis market is 86.1% lower than in the benchmark

case).

With respect to the Annex & case, China increases its strategic R&D investmgnorder to have
more supply of permits at its disposal, since anéigsupply of permits implies an increase in their

benefits from selling the permits on the emissiarkat. Instead, the FSU reduces R&D investments

° We assume that China agrees to a 10% reductiemis&ions with respect to the BAU scenario ovemthele
time horizon.
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because the profitability of the bilateral permanket with the EU is much lower than the profitipil
of the permit market where Japan is also a buyetalTemissions become smaller because of the

increased abatement in China.

Figure 1: A climate regime with two blocs: 1) Japan and CHN; 2) EU and FSU.
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Therefore, when compared to our benchmark caseiwiu-blocs climate regime is profitable both to
the EU and to Japan, who could therefore impleraente compensation schemes to offset the losses
incurred by China and above all by the FSU. Howewdren compared with the coalition formed by
Annex Bys + China, the two bloc regime does not yield a fpasiwelfare change for any of the
cooperating countrie. Therefore, on the basis of economic incentives, titp-bloc climate regime
just analysed does not seem to be likely. Howehés,regime is more environmentally effective than

both the Annex Bs + China regime and the “Kyoto forever” one.

The above analysis has not yet taken into acchwentdle of the US. Is the US going to remain “stand

alone” and to implement a domestic climate polisshich is likely to only achieve their non-

% The economic implications of the coalition formedthe Annex Bys countries and by China are analysed in
Buchner and Carraro (2004b).
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cooperative emission abatement levels? Or williBecounter propose bilateral or trilateral dealthwi
some other countries/regions in order to reduce #mtement costs and increase their environmental

effectiveness?

At the moment, the US is outside the Kyoto framdwand has announced its alternative Climate
Change Initiative. Even though the most obvious ediate US reaction lies in a domestic abatement
program, other US moves are likely, and these mdyde the emergence of other types of coalitions.
As soon as the US realises that a large amouniafsen abatement must be undertaken, they will
also realise that these emission reductions arecostly if undertaken through domestic measures
only. Already now, US industrial groups fear thegymot qualify for incentives that Kyoto countries
use to promote emission reductions (The Washingtores, Jan. 224 2002). Moreover, the US have
significant economic and strategic as well as emvitental interests in joining the international
cooperative effort to control climate change, sitftey cannot afford to remain on the sidelinedevhi

others design a global climate regime (Stewart\&ineher, 2003).

As recently reported in the international presgsraposal aims at establishing a scheme based ap a c
on emission levels and awards for permits undemMNAETA. This alternative would imply that the

US, Canada and Mexico were participants in a cbosder trading scheme (Financial Times, D&t. 4
and 13, 2001). The establishment of a regional tradinstesy under NAFTA has above all been

urged by private sector advis€rs

Other signs of an active international US role thie “US-Australia Climate Action Partnership”, an
initiative consisting of various programs aimednaproving scientific cooperation in areas incluglin
climate change science, reduced emissions stratagig engagement with business on technology to
reduce GHG emissions (News.com.au, Jul§, 2002, CO2e.com, July"™7 2002). Or a similar
partnership between the US and Japan, aimed atopiragjoint projects and exchanging opinions on
various measures to prevent global warming (CO2e,dpril 5", 2002) and a comparable US-India

technology cooperation project.

A further step in the US strategy could thus cdrisi®ffering a partnership to large emission pérmi
suppliers, as e.g. the FSU or China. In order tprawve its performance in the emission market, the
US could offer the FSU or China better conditiomart the ones offered by the EU and Japan. Let us

therefore analyse these two scenarios.

1 Also in Canada, which is still partner in the Ueiba Group, industry is asking for clarificatiorgegding the
economic consequences of implementing the KyotaoPob without the US. The Canadian government
recognises the difficulties that arise from thekdid nature of American and Canadian economiesjshstill
supportive to the agreement (the Kyoto Protocol ratified by Canada in December 2001).
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3.2 A second two-bloc coalition structure: USwith Russia and EU with Japan

What would be the consequences of a climate regimehich the US and the FSU coopetate

without the EU and Japan, while these two countgéezain committed to their Kyoto obligations?

As shown by Figure 2, this two-bloc climate regimeertainly environmentally effective — emissions
decrease by 10% with respect to the benchmark # munhot likely to emerge, because total welfare
of all cooperating countries becomes lower. Onlyn@hmproves its welfare, because more abatement
is undertaken at the world level. However, Chinaé&fare in this two bloc regime is again lower than

its welfare in the coalition formed by Annex,B+ China (Cf. Buchner and Carraro, 2004b).

The reason for the reduced welfare in the EU apdrlés fairly evident. Their abatement costs largel
increase because they can no longer exploit therlavatement costs in the FSU (the permit price in

the EU-Japan market increases by 220.6% with réspéise benchmark “Kyoto forever” case).

The reason for the reduced welfare in the US depemd our choice of the benchmark. We are
comparing a situation in which the US cooperatah tie FSU with a situation in which it free-rides
(the Annex Bys coalition). Therefore, even though it can takeaadage from the FSU’s “hot air”, its

costs obviously increase because it increasesbisement effort with respect to the free-riding
abatement effort. For the same reason, US welakso lower if compared with its welfare when the

coalition (Annex Bys + China) forms.

Finally, the FSU’s welfare also decreases becawusginal abatement costs in the US are lower than
in Japan and the EU. Therefore, the permit priciaenUS-FSU market is lower (-25.2%) than in the
EU-Japan-FSU market. As a consequence, the FSltesdts revenue from selling permits. In
addition, the incentive to undertake strategic Ri&Dower than in the benchmark case. Hence, R&D
in the FSU is lower, thus lowering the supply ofrpgs. R&D is instead much higher in the US,

which is faced a real incentive to abate emissairiow cost.

Summing up, this climate regime is unlikely to egeebecause of the lack of economic incentives,
even though the cooperation within the two blocsiige environmentally effective than cooperation

within the “Kyoto forever” coalition.

2 The United States and Russia said on Janudty2003 that they would seek a common approach tiéiriga
global warming. The first meeting of the Russian&kitan intergovernmental workgroup looking intaretic
changes took place in Moscow, in April 2003 (AgeRcance-Presse, Jan. " 2003).
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Figure 2: A second climate regime with two blocs: 1) USand FSU; 2) EU and Japan.
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Let us therefore explore a third scenario, whew@rag two bloc climate regime forms. This scenario
originates from two basic facts: (i) it is unlikellyat a US strategy could break the AnnexsBloc,

due both to political reasons and because of itledé economic incentives just described; (i) lire t
US, the involvement of developing countries in @perative climate regime is seen as crucial to
achieving long term goals. Therefore, in ordereuce its abatement costs and increase its dizmest
political credibility, the US could negotiate arregment with China, thus giving rise to an emission
trading market where the equilibrium permit priceuld be low. The climate regime would then be
formed by the following two blocs: US and Chinatbe one hand, and EU, Japan and FSU on the

other.

3.3 A third two-bloc coalition structure: USwith China and EU with Russia and Japan

There is some evidence that this regime may nairtrealistic. China’s decision to ratify the Kyoto
Protocol demonstrates that the country is awarehlbaefits from ratification could be high because

China is the largest permit seller. Chinese officemphasise that the government will voluntanify t
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to restrict the growth of CO2 emissions, but iscHyr opposing binding GHG reduction targets (The
Japan Times, Jan. 262002)"

Without binding commitments or with very mild abaient targets and given the consequent high
amount of permits which can be supplied, Chinavery attractive partner in climate change control
activities. This is why the US could convince Chioacooperate under a joint climate pact. In this
way, the US could achieve two goals: (i) satisfyméstic political requirements by involving

developing countries in their climate strategy) (@ap high benefits from a large joint emissions
market (the US and China together account for rtfwag one-third of the world-wide CO2 emissions
and this share is becoming larger and larger).driqular, the US could drastically decrease their
abatement costs through emission trading and Ctdingd profit from selling a large amount of

permits.

What would then be the main consequences of a temdimate regime with a first bloc formed by
the EU, Japan and the FSU (the Kyoto coalition) arskcond bloc formed by the US and China?

Some of these consequences are shown in Figure 3.

First of all, it is clear that both the US and CHtise with respect to the case in which they free-ri
However, the loss for the US is small and coulddsgely compensated by some ancillary benefits

from GHG emission abatement that are not takendantmunt in our model.

The loss for China is also small — and even smaileen compared to the regime in which the
coalition (Annex Bys + China) forms — and ancillary benefits, both ¢ tenvironmental and

economic side, could be large. Note that, as dismign the next section, this climate regime is the
one most preferred by both the US and China wheg tto not free-ride. Namely, it is the most

preferred among those in which they undertake smoperative emission abatement.

The inclusion of China in a coalition with the US slightly beneficial for the Kyoto climate bloc

consisting of the European Union, Japan and the, H#ddause of the enhanced environmental
effectiveness of this two-bloc regime. Indeed, G@issions are almost 20% lower than in the
benchmark case, and also lower with respect td étassions in the climate regime in which the

coalition (Annex Bys + China) forms. However, the coalition (Annexy8+ China) is the most

3 However, in the longer term, China will have to eapith its role of second-largest CO2 emitter ia world.
The first signs that China is recognising thesetipalireasons are clear. The ratification of thetdyprotocol in
its actual form could therefore be interpreted masea long-term commitment to emission control tham
short run strategy to reap the benefits on the amidrading market.
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preferred by the EU and Japan, because the absér@@ieina from the coalition increases marginal

abatement costs and thus induces welfare lossélsef@U and Japan.

Figure 3: A third climate regimewith two blocs: 1) USand CHN; 2) EU, FSU and Japan
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This two-bloc climate regime is characterised aghin a large expansion of China’'s R&D
investments. China over-invests in R&D to incre#sesales in the bilateral emission trading market.
The segmentation of the trading market also explaihy R&D investments within the benchmark
Annex Bys coalition do not change. However, if the comparisomade with the coalition (Annex B
us + China), then it can be seen that R&D investmanthkis climate regime are higher for all Annex
B.ys countries. The reason is again the larger margibatement costs when China is not a seller in
the permit market. This induces higher investmémtBR&D in the EU and Japan and also strategic

R&D investments in the FSU, which will find it optal to increase its supply of permits.

The next section will provide a synthesis of owsutes by comparing different regimes not only with
respect to the benchmark climate coalition formgdhe Annex Bjs countries, but also by cross-

comparing all different regimes in terms of domestelfare and global emissions. This comparison
will enable us both to assess the consistency ofesults with the game-theory predictions describe

in Section 2 and to draw some policy conclusions.
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4. Participation incentivesin a bottom-up regime: some policy implications.

In the previous sections, three two-bloc climagimes have been identified as possible evolutidns o
the present situation in which the Annexdfcountries — EU, FSU and Japan — cooperate to eeduc
GHG emissions. Costs and benefits of a move frasmlianchmark regime to a new one have been

discussed.

This section attempts to draw some policy lessom® fthe above analyses. To achieve this goal, we
need to complement the economic and political amalgf the previous sections with a comparison
across all potential new climate regimes. In théstion, for reasons of space, we focus this
comparison on two dimensions: domestic welfare global emissions. Namely, we plan to identify
each country’s most preferred regime and to compavéh the socially optimal regime. In addition,
the most environmentally effective climate regimil wlso be considered as a possible target that

policy could achieve.

Our results are summarised by Tables la, 1b anbBlaBles la, 1b show the ranking of climate
coalition structures according to domestic welfarable 2 shows the ranking of climate regimes
according to global welfare and global emissiortsese tables provide information that could enable
us to identify the most likely behaviour of couasiin future climate negotiations (at least to the

extent that economic incentives affect climate tiegons).

Let us first focus on the US. The two most prefémrrealition structures are the ones in which the US
is not involved in any climate coalition (see Tab#. Note that the US’s most preferred regimées t
present Annex Bs coalition. However, the US’s most preferred regimieen it participates in a
climate coalition is the one in which the US co@pes (and trades) with China, whilst a second
cooperative bloc is formed by the Annex,8coalition, i.e. the US prefers the coalition strue
[(GPN, EU, FSU), (USA, CHN)].

The ranking of climate coalition structures for tin® main industrialised countries involved in the
“Kyoto forever” regimes indicates some similariti®&oth the EU and Japan rank the present “Kyoto
forever” coalition very low, thus suggesting thatpast-2012 change is likely. And both rank
cooperation with China quite high. Indeed, the itioal (JPN, EU, CHN, FSU) is the EU’s most
preferred regime, while Japan ranks first the tioalistructure consisting of two blocs, the Asidncb
(JPN and CHN) on the one hand and the European(Bld@lus FSU) on the other. In both cases, the
EU and Japan can profit from either a large emmsgiermit market or at least the presence of an

important permit supplier, which implies a low pérprice and thus low abatement costs. The worst
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regime for the EU (and for Japan) is the one incwhthe EU and Japan form a coalition without

having any large permit supplier at their disposal.

Table la. Theranking of climate regimes according to domestic total welfare: US, JPN and EU

USA JPN EU

(JPN, EU, FSU) (EU, FSU) (JPN, EU, CHN, FSU)
(JPN, CHN) & (EU, FSU) (JPN, CHN) & (EU, FSU) (USPN, EU, CHN, FSU)
(JPN, EV) (JPN, EU, CHN, FSU) (JPN,CHN) & (EU, FSU)
(EU, FSU) (USA, JPN, EU, CHN, FSU) (EU, FSU)

(JPN, EU, CHN, FSU) (JPN, EU, FSU) & (USA, CHN)| (JFRY, FSU) & (USA, CHN)
(JPN, EU, FSU) & (USA, CHN) | (JPN, EU, FSU) (JPN, EHSU)

(USA, JPN, EU, CHN, FSU) (USA, JPN, EU, FSU) (USANJEU, FSU)

(JPN, EU) & (USA, FSU) (JPN, EU) & (USA, FSU) (JPNJE& (USA, FSU)
(USA, JPN, EU, FSU) (JPN, EU) (JPN, EU)

Table 1b. Theranking of climate regimes according to domestic total welfare: CHN and FSU

CHN FSU

(JPN, EU) & (USA, FSU) (JPN, EU)

(USA, JPN, EU, FSU) (USA, JPN, EU, FSU)

(JPN, EU, FSU) (JPN, EU, FSU)

(JPN, EV) (JPN, EU, FSU) & (USA, CHN)
(EU, FSU) (JPN, EU, CHN, FSU)

(JPN, EU, FSU) & (USA, CHN) (EU, FSU)

(USA, JPN, EU, CHN, FSU) (JPN, CHN) & (EU, FSU)
(JPN, EU, CHN, FSU) (JPN, EU) & (USA, FSU)
(JPN, CHN) & (EU, FSU) (USA, JPN, EU, CHN, FSU)

Note that the coalition structure [(JPN, EU, FSWSA, CHN)], i.e. the climate regime in which the

US and China cooperate within one bloc, whilst EBU and Japan cooperate within a second bloc, is
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ranked fifth both by the EU and by Japan. Howetlate are also some differences in the preferences

of the EU and Japan. In particular, large coalgiare more preferred by the EU than by Japan.

Let us analyse the preferences of the less dewlopentries, China and the FSU. China acts as a
rational free-rider. Its preferred regime is th@4aloc regime in which the EU cooperates with Japan
and the US with Russia, and its second-best oiarregime in which China free-rides. China’s most
preferred regime when it participates in a climatalition is the one in which China cooperates (and
trades) with the US, whilst a second cooperativa lis formed by the Annex_B coalition. The
possibility of an Asian bloc appears to restristpbtential advantage with respect to gains froe th

emission market.

Finally, the FSU is penalised by China’s participatin a climate regime for the reasons explaimed i
the previous section. Therefore, the FSU would likeavoid coalitions in which China also
participates. The FSU’s most preferred regime & finnex Bys coalition, where China is not

involved and Russia therefore represents the cgimnip seller.

What are the policy lessons that can be derived ffables 1a and 1b? As seen above, US and China
have a strong incentive to free-ride, namely to tbefr environmental policy unilaterally, thus
profiting from the abatement levels set for the tyooalition countries. In particular, the Annex 8
coalition is the US’s most preferred regime and besn ranked third by China. The Annex$
coalition is also good for the FSU, for which tiésthe second-best outcome when it decides not to

free-ride.

EU and Japan have a strong incentive to maintadpe@tion with a large permit seller, e.g. at least
with the FSU. Indeed, the worst coalition strucsuii@ the EU and for Japan are the ones in whieh th
EU and Japan form a coalition without either Clonshe FSU.

In short, the climate coalition structure whereyotiie EU, Japan and the FSU cooperate is fairly
stable in terms of economic incentives, but highbffective from an environmental viewpoint, as is
demonstrated by Table 2. Paradoxically, this regisnaot welcome by the EU and Japan, but is

among the most preferred ones by the other cogntrie

What could be an alternative climate regime witkeaqhte economic incentives for the participating
countries/regions? It is clear the Russia doediketto cooperate with China, because of the losses
that it would suffer in the permit market. Chinawi like to free ride, but if it cooperates, it f@es

the coalition structure [(JPN, EU, FSU), (USA, CHINLikewise for the US. The EU would prefer a

large coalition, whereas Japan likes a regionattiea coalition (when it does not free ride).
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Therefore, if for some environmental, economic ofitigal reasons, the US and China decide to
cooperate to control their GHG emissions, they migy a bilateral agreement rather than joining a
large global coalition. This situation, which capends to the coalition structure [(JPN, EU, FSU),
(USA, CHN)], slightly increases welfare in the Elipan and the FSU, at least with respect to the
present Kyoto coalition (see Figure 3). Therefdhe, Annex Bjs countries may accept a two bloc
regime, where the US and CHN cooperate on emissii@mtement and trade permits in a bilateral
permit market. The economic loss for the US and Gtthld be small with respect to the situation in
which they free-ride, but the global environmett@hefits would be large. Even though this is net th
most preferred outcome for any country, it is tiicome which is likely to be the most attractiveaor

least the one which raises the smallest opposition.

Table 2. Theranking of climate regimes according to global welfare and global GHG emissions

Global GHG Emissions Global Welfare
(USA, JPN, EU, CHN, FSU) (JPN, EU, CHN, FSU)
(JPN, EU, FSU) & (USA, CHN) (JPN, CHN) & (EU, FSU)
(JPN, EU) & (USA, FSU) (EU, FSU)
(USA, JPN, EU, FSU) (JPN, EU, FSU)
(JPN, CHN) & (EU, FSU) (USA, JPN, EU, CHN, FSU)
(JPN, EU, FSU) (JPN, EU, FSU) & (USA, CHN)
(JPN, EU, CHN, FSU) (JPN, EU)
(EU, FSU) (USA, JPN, EU, FSU)
(JPN, EU) (JPN, EU) & (USA, FSU)

The above conclusion is based on a decentralisalysi® of each country’s incentives to join a
climate coalition. However, it would be important dssess what a central planner would do when
his/her goal is the maximisation of global welfafée answer is provided by Table 2, which shows
that global welfare — which includes welfare ofefieders — is maximised when the coalition strugtur
[(OPN, EU, CHN, FSU), USA] forms. Second is thelitma structure [(JPN, CHN), (EU, FSU),
USA], whereas the climate regime where the US cadpe with China and the Annex Bforms as a
second bloc, i.e. [(JPN, EU, FSU), (USA, CHN)]pidy sixth. Notice, that global welfare seems to be

maximised when the US does not belong to a cliroagdition, which suggests that an unconstrained
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growth of the US economy may be beneficial to tharldv economy, despite the damage to the

environment.

Table 2 also illustrates that the two-bloc climaggime [(JPN, EU, FSU), (USA, CHN)] would
provide the second largest possible benefits fer @hvironment, without inducing high economic

costs in the cooperating countries.

5. Conclusion

The conclusion emerging from the above analysisbmisummarised as follows. A move from the
current climate regime is not likely, at least e tshort-run. The US — which presently does not
participate in the Kyoto Protocol — is more likébyadopt unilateral policies than to join a coalitito
control GHG emissions. However, it is unlikely that least in the medium term, the US continues to
reject any form of cooperation on climate changetrad. If the US decides to cooperate, the climate
regime which is least opposed (in terms of net enva benefits) by the negotiating countries is the
one in which China and the US cooperate bilateralig the Annex Bs countries form a parallel

coalition.

Of course, the above findings must be taken casijourirst, because they are based only on the
analysis of economic incentives, whereas polititadisions could be taken on the basis of otherstype
of incentives. Second, because we did not accaurthé link between climate negotiations and other
international negotiation processes (e.g. on crimagle, terrorism, technology, etc.). Third, beeaus

the FEEM-RICE model used in this study is a sinmgadifrepresentation of the world economic system,

even though it captures the main economic mechanismd the related incentive schemes.

Nonetheless, the results derived from the empidoalysis proposed in this paper are quite comgiste
with suggestions and results proposed in gameyhiterature (where countries’ asymmetries are
usually neglected). This suggests that the analysitis paper is likely to capture the relevant
economic incentives and may therefore serve to igeowndications on the prospective future

evolution of climate coalitions.
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