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I, INTRODUCTION

Cencernabout international snvironmental problems! has grown immenssly
ower Lhe Jast four deeades. This ledl toothe stanature of several mernaiional
environmental agreements (TEAs) as for tnstance the Helsinki and Oslo
rotocals on the redveetion of sulphur sicined in L9285 and 1594, rzapectively
I he BMontroal Protozoel on therednstion of chloroluorcearbons (CFCs  hal
deplete the asone layer signed in 1987 and the Kyole Proweol on the reduc-
tion of gresphouse gasas causing elobal warming sigred o 199777 This
eoncern 1= wliso relleeied m numereus papers on the ccomemics of inlorna-
tional environmental prablems, Tnothis chapter T seevey the game-theoretical
literaturs on coalitions analysing the tormation and stability of IEAs, The
Mumdemental rosell motivaiinge all analvses is (hatl ax longe a5 envitonmental
protlems are not ol purely loce! nature, glohal welfare can be raized threugh
coaperation, The fundamental assunmation of all models is that there 15 na
mternational agerey (hat cun csiablish binding agreemenis” Corscguently,
cooperalion [wees throe lundemental constreints (see section 2.1 fordatailsh
(1) IEAs have to be profitable for all potential pautieipants; (23 the parbes
must geree on the particular desiza of an 1EA by consensus; and (3) the
tresty st b cnlorced by Lhe parties tremselves. The main teature accond-
g o which models can be structured is the tvpe of free-ricing they capture.
Twa bypes of tree-rding can e distingwisheld, The first tvpe Implies that a
country 15 alher nol w member of an IEA or Is 2 member ol an agreemenl
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that contnbates less to the tmprovement of ervironmental quality than
members of other agrecienia This tepe of free-riding scaprured by models
that T eall ‘membership modsls’, where the Arst aspect = modellsd -
ditienal” single-coalition games and the sceond aspect i ‘new” multip
coghion sames, The sceond type of Pree-riding tmplizs that 2 country is a
member af an IEA but dess not comphy with the terms of the azresment,
Thistvps of fres-ridmg is analysad inmrodels that L eall 'comphanes medals”.
Sincz the bulk of the theoretical literature that T review is related 1 polletion
problenis, T eestrict myself. by and large, to this variery, though mest of the
qualitative results also apply (o other problomes, s Tor instance the depletion
of fish stocks end the deforestation of tropical rain forests,

In whal foilows [ present empirical evidence on the problems of co-
operaten (seetion 2.0 and on amportant ssues ol trealy design seenon
2.2 Dintroduee a basic framewark Tor the analysis of international pollu.
tion problerms (section 2,37 and give an overview of the features of possible
extensions (saction 2,40, Subszgquenthy, | provicde  summary of itmportint
results obigimed with nembership madels (section 2y and with compliance
trodels (seetion 4), eritically review the models with respeact (o their (heor-
etical consistency, their ability to contribute Lo the understendimye of real-
world  phenomens snd the exlent Lo which they capture the thiee
fundamental constraints of cooperation. Finally, T point ool topics Tor
futurs research in section 5

2. BACKGROUND INFORMATION AND
FUNDAMENTALS

2.1 Problems of Cooperation

Profitable agreements

Profitability tmmlics thut countries must fod it beneficial to partivipate in
an IEA. For instance, in spring 2001 Presidant Bush announced that the
LISA would withdrww from the Kyvolo Prolocol since abaiement costs from
the 7 per cenl emission reduction, as agreed in 1997, were expecicd 1o
erceed the benefits from redueed global werming, Alse maoy developing
conntries did not sign this protocal, given their pricrity for sconomicdevel-
opment over enviranmental issuzs, Generally, alithough cooperation rajses
global wellare, individual countrizs may be worse off. This may happen for
embifious godior etficiznt abatement poheies 17 countoes have heterogene-
ous wellare Muneuons, and has been confirmed by many empirical stuches,
for instance on global warming (1PCC, 20001y or acid ron (Maler, 19592), In
thess cases some countries’ abatement obligations are too high compare
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1o pareerved benefits from abatemant. rendering an 1EA vaprofitable for
Lthemn. mslenee an ellicent allocsizon o abalemen! burdens requires
that developing countries with Lyvw marginal abatement cost contribute
mare than industrialized countries to the raduction of greenhouss gas
although developimg couwmimies velue assoctaied benefils o avergge lose
than industrialiced countrizs Thus, if differences are pronconced enough.
developing conntries nay be worss 0 trom joining an IEA aslong as thew
|r..r..n,..._ﬂ_.,.. nir ﬂ_.a...._.._._ﬂ_....._._.,.....;_.mn.._._._.

Conscisos agrecments

Sinces there ars severnl eptions in designing ¢ trauly that is profitabls for all
particrnants countres wsually Tnd i hard iooagree on a pacticulsr design.
Critical issues are the level of abatement. the allocation of abatemenl

burdens, and the Tevel, kind, as well as the net donors and recipients, of

compensation pavments, The strugele for consensus == eviden: Mo consid-
ering how lang it takes from the recognition of an environmental problem
to the start of negodiations, the sianature of an 1EA, andits ratificution and
enforcerment. Crenerslly, 1L scoms relatively casy for counlries agrecing on
mework conventions', which are mainly declarations of nrention. hut
Far more difficult gareeime on ‘proioco’s with explicit and sgrious emission
F Por inslenee, the probiem of prolecting the orone layer was
firaz discussed at a meeting of the United Nations Eaviconmental Program
in 1976, Preparation for e tresaty started _E earler than 1951, and con-
cluded with the adopien of the Framework Comeenion im Mienna i [983.
First reduction targets for ozone-depleting substances wers agreed upon In
the Montrenl Protocol in 1987, which enterad into fores in 1989 For green-
howse gaaes the negolition ume wax even longer: the ramewask
Comeention pn Climate Change (FCCC) was signed in Rio de Janziro in
1592, but preliminary emission cailings were agreed ne earlier than 1997
unler the Keolo Protocol. modilicd smd relased ceilines (without pacticl-
pation of the USA) were only accepied in 2001 at the meeting in
Marrakesh As of August 2002 this treaty bad not yet come into foree. In
addivzon, acihifention of walor snd soil was lest noticed i 1972 atthe UM
comlerence i Sweden, and the Framework Convention on [otg-Renge
Transboundary Alr Pollution (LERTAPY was signoed m 1979 in Geneva, but
senous gelion was laken ondy o 1983 when the Helsinki Protocel on
sulpauy reduction was signed. Howsver, nol only the agreemenls g proto-
cals bt alss on Lheir emendmenis Trequently reflect enly the Towest
common denominator, For instancs, according Lo Arvicle 20 of the Exota
Protocol, amendments can only be passed by nuanimity. It no consonsus
can ba ragehed, the chunges are only binding [or those *E_:Ehﬁ_:m i
accepted the nmendments, Similer articles are part of abmost el protocols
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Therefora, it 15 aol surprisimg Lhiet amendment protocols, which succes.
sively fighten emizsicn standards: are sigred by substandally Tewer coun-
trics Lhan the omigmal mrotocols (ses evidence below.

Selt-enforcing agreements

Even il countres can sgree on the design of a trealy that s profitable for
all participants, frec-riding jeopardizes the success of IEAs A country is
usually better off 2ither by remaiming a nen-perbapant (first tvpe of
richmg) or by aceeding to an IEA but viclating s terms (second tvpe of
{ree-riding). The [irst wype of Tree-riding = obvious when it is seen that in
most [EAs the mumber of signatores falls short ol the total number of
countries involved in the extzrnality problam. This is true at least far those
[EAs with explecitand ambilious shatement targets. For instance Lhe pal-
lutants CECs and greeahouse gases alleet all countries, a total of roughly
200, but omly 38 industrialized countries have accepled comssion 2zilings
under the Kyote Protocol. Also only 26 countries signsd the Momrea)
Protoeol in 1987, though participation hes risen subsiantally ovsr recent
vears Lo 1RO parlics ab present, However, the more ambitens amondment
pratecals mumber fewer parbepants (London 1990 1533, Copenbagen
19920 125, Moentrzal 1997 83 Beinng 1999: 11 for details sze Appendix
210 Moreover, though sulplar is 2 major air pollutant, the 1955 Helsink:
ﬂnoHOﬁn._ counts currently only 22 partics, of wheeh 16 are EU conaries, In
conlrast, particination in :H armework convenbions withoul speeifie
.u.__um_n: ent obhguions preceding these protocals is vary high :A L 0 1
partizs, Vienna Convention: 180 parlics and LRTAP: 48 partizs),

There is glso ample evidence that the second Gpe of frecriding jeop-
ardizes the success of THAs Keahane (1993, n, 2171 writzs: ‘complianees is
noL very adzguate. 1 believe that evers study that hes looked hard 1o com.
plianee [of all major 1IEAs] has concluded | . _ that compliance is spouy”
Also Brown Weiss and Jacosson (1997, p 87/ thund Em:_":nmw of i
tions of all TEAs covered by their extensive study, For imstance, no less Lhan
over 300 infractiens ol CTTES® have been counted per year ﬁ sand, 1997,
25y Morsover, all importanl parties breached  the  International
Conventien [or the Regulation of Whaling (Heister, [997 5 68)7

Effective agreements

Inthe light of the theee fundemental comstramts it is evident that a5 2 general
conclusion 1would bz wrong to claim that small TEAs are inferior W large
TEALY Ameng a small group of counirizs it might b easisr to agres on ambi-
tious abatement birgats and compliance might be easier w enforee. Alse an
::.,_.m_..._ri may be superior to an ellicent allocation of ahatemert burdzns il
leads o a more symmetrical distribution of the gains from cooperation,
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['his may ensurg a kigher rare ol partielpation and complianee and may put
lz3z strain on critical countrizs so that they auree on higher abatemen!
trgots From the diseusson it is dliso evident that suceess of a treaty cannot
be imferred from a high participation rate and depres of complisnca This is
not ondy obvious whan considering frpmework conventions bul may also he
truz fon other protocols. 15 an 1EA sels anly low abatement targets and/ol
targets Lhat areclosz 1o non-cooperative levels, ?:HEMEGE:E compliang

will be no problem, Thus success can only ba maoisired 17 abatemenl Largets
under an LEA wro compared with estimated abatement levels in the absence
of # treuty anc, ideally, are evainared in terms of costs and bensfits Fou
instance, two economatric studies by Murdoch and Sandler (19973, b)
suggest that agreed sulphur redcetion under the Helsink Pretecolbsigned in
1953, end agrecd CFC reductions under the Montreal Protoco] signed in
1967, though they may seem large. sre more in ling with nen-cooperative
than with cooperptive beheviour ol overnments: For Lhe Helank: Protocol
Lhedr conelusion carn be supparted by noting that some mambers and even
some non-members tad alrzady achisved the reduction tareel in 15985 when
the trealy was signod, wnd thal not only all members bul alse most non-
members mel and even overfulfilled the 50 per cent sulphur reduction targes
in 1993 This conclusicon is also supported by the gama-theorelioal anghysis
af Fimus and Tiatta (fortheoming), which evaluales sulphor targets unde
Lhe successor agreement, e Oslo Protoeol, signed in 1994 (see section 4)

2.2 Treaty Design

Abatcinent targets

The lovel ancd & " ahatement largeld allect wellare of countries
and thus also participation and comypliance with treaty obligations, Lnder
‘old® IEAs uniform emission reduction quotas have been negotiated.
impiies .;E...:El& hiwvee Lo reduce ther ermissiens by the same per-
centage lor same base vear. The st of examples is long and ineludes several
prowocals under the H.,.Ew__..w.;m of the framszwork comention LETAFR Tor
instanee, the Helsink: Protoee] sugresicd 4 30 per cent reduetion of sulphur
emissions from 1980 levels by 1992 Mereover, the Mrotecaol Concerning the
Contral of Emissions of Mitrogan Oxidos or Ther Transboundary Fluxes
signed in Scfiz in 1988, called on counteies uniformly to freees their emis-
sioms al 1987 levels by 1995 and the Protocol Concerning the Control of
Emissions of Volatile Organie Compounds or Their Fluses, signed
Cienova in 1991, required parties to roduce 19588 crssions by 30 per 2anl
by 1995, Only “modern’ 1EAs apply the “principle ol different responsibali-
tles’, inchuding the Oslos Kvolo and Montreal Protocols, Howsver, aven
though the Montreal Protosol allows developing counlries to be sxempted

lcediion
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from certain regulatiens, to claim a transition period wntil fun campiance
i5 required wnd to draw on support from various (ingnecial mechansms o
meet their targels (see evidence bolow), 1t calls on unilfirm reductioas of

arons CFC pollutants in the different amendments? Alsc in the origing]
dralt of the Kyoto Pratocol greenhicuse gas ermssion reduetions of the
rmajor global plavers ars very similar {LSAC 7 per cent, Japan and Canady:
& per cent and CL: 8 per cent) 10

Herrelt (19934, b) and [eel (19921 suggest that uniform abalement ohli-
gatzons constilule seme kind of foeal point on which bargaicing pariners
can agree relatively casily, However. their rodels provide hivle ovidsnes vunt
helps Lo expplain the prommence of uniform quotas, Endres (1996, _,E.:
Endres and Finug (1998, 1999, 2002), Evckmans (1999 and Finus and
Rundshagen (1995k) compare the ouwlcome and stability of nesotiatens
under different policy regimes, sssuming thal countrizs aares on the lowest
commen denominitor, Their main inding is that although uniform cues
arz mefficiznt. the negoliation sutcome may be superior in terms of w_n;.,.m__
cmission and welfare as well a5 stabiliny compered 1o efficient noliz
regimes since Lthe mnterests of the _.._:nf.:a country (the country that makes
the smallest proposali ave better accounted for in the negoliations This s
m_w_..,.q confirmed 1n the _.HQE:::._ miodzl of Finus and Rundshagen (199840,
wherz the choice ol the pelicy regime =« endogenized (sce seotion 41,

Compensation measures
Transters are an :_T:c:; EL:::E: Lo compensate the losers from oo-
operation, te increase perieipation inoan 1LA and to encouraze compli-
ance. Possible compensation 1 ire maonetary urid in-kind transfers,
which comprise for instance technical assistanes to developing countrics
trom mdustrialized counines. Whereas monelary transters diractly targes
compensation. m-kind transfers do so enly indirectly and henee the aim of
compensaticn s Dw_nz Blurred and overlapped by other aims Therefore,
thearetically, the efficiency of in-kind transters is lower than that of mon-
elary transfers, __:EE._G. the erder ol requeney of the aophcaton of hese
mstruments is reversed in practice. Almest all |EAs have no provisions for
Monetary :.f.,_:.:. ers. One proounent exception & the Monireal Protocol,
under which a multilateral fund has bezn cstublished to which industrial-
ized countries are suppased w contribute and from which deve eloping coun-
trics and countries in transition can receive suppoert, However, reciprents
can only claim compensation for their incremental costs of abatement
(Jordan sad Werksman 1996, pp 2471 amnd Kummer, 1994, [ 260,
Maoreover, payment startad only in 1997 but has risen constantly cver sinee.
Outstunding centributions smaount to roughly 12 1o 16 per cent per yveai
transters are often delayed. some doners only issued promissory notes and
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sivmi e Tulfilled their obligations only in the ferm of in-kind transfers.1?
A second prominent nxnn_u::: 15 the Convenuen of Biological Diversity
gned in 1992 m Rie de Janeiro. whers developing countrics can Toeeive
support Mrom the “Global Envisonmental Facility’. However, this fund also
covers only incremental costs, and the backlog of Lransfers is v very largz !
Anothar excention. [howgh dillerent, is the Kyate Protecel. Ameng Annex
1 eountrics lransfers are paid indiectly under joinl implementation
(Areles 3 and 4), where countries can jointhy muect thedr targats in the form
of a bubble and puid directly under the emission trading systam [Arhcie
174 Under the elean development mechanism (CDM: Artiele 127 Annes |
countres can reducs their ahatemen hurdens by nancing ‘project activ-
itizs resulting in eertified emussion reductions” in countries not included in
Aamnzs 1ol the protocal. ™ Tn contrast to monetary triansfors, the number
ol [EAs including provisions for technmice! cschange and assistane
betwaen industrialized and doveloping countries 1s largern though # closer
resding roveals that obigations are usually very vigguc.

Ll e the literaturs on TEAs has prosented e evidenece thar helps
te explain the resistance of governments W pay monetacy transfars, Two
intuitive areements are dee o Maler (1990 [, framsfors provide an
i for governments to strategically misrepresent their preferences in
o&@ 1o extract larger compensalion peyments o0 to pay low transiars, Far
ance, under COM, developing countries may corlily emission redue-
tens Lthat they would hiave undartaken snywase Also, under the Maontreal
Protocal, if a devalopmy country indicates :o:-no_ﬁvﬁ_snm dazspire “hest
intentions” Lo ke lmplementation Council, It may recerve additional
fnancial assistance. Second, governmenls may EE. thal il they pay trans-
fers they are judged as weak bargainers. which may weaken their position
in future negotatons Furthar arsuments have been developed in three
muolels. Tirst, paving transters to nen-parieipants for additional ahate-
miznt efforts may provide d dismeentive o join an IEA (Heeland Sclmeider,
1997, seg seclion 3.3.3) v___r.n:r.._ there is & JGE_:Z:F problom betwsen
donor and recipient (Tinus, 20024 522 secton 4.2} ‘the recipisnl iy
take the money bat does not :5_ 1l Un::;na m?Em:._.wzH ablimtlion or n:n

nEEE fulfils its paert of the deal but the donor doss nol pay the pramised
transfers, Thind. there 13 2 compliance problem within the greup of donos
contrizs { Bareetz, 2420 Ladividua] donorsare betrer ofl
w.:._.w...,;.qrﬁ-,...&n.

[ers through high

el

m-

r participation and compliancs

l=sue linkage
Amallernalive compsnzation measure 15 1ssue linkage, whare concessions:
OTE AETCCTNCTL 38 eN hanged for concossions i anether agreement. Since
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packege dusls are someatimes secretly nogotalzd, 103 nat that casv o mather
empirical evidence. Moslt reported  exa 5 inciude bilatera] links
{Ragland, 15993 and Bannett cral.. 19981 For instance. Kruulla (1973 sy
gests that the Coelumbia River Treaty of 1961 between the USA snd Carada
lch —siewed as 4 single issus was 1o the disadventage of the USA — wae
built on cencessiens by Canada mvolving North Amerean defence. In the
context ol muliilatera] agreements only a wider imterpretation allows us to
detect issug hinkage. One example s the Montreal Protocol, whers the
mmport and export of controlled substances with nen-paries is hanned
iArtcle 43 or the elfforts to include ervirommental issues o the Waerlsd Teade
Organization {W T0 which may be interpreted as a link hetween &7 1EA
and o hrade agreement. Also the provision of technical assistance and
cachange under many protocols may be mlerprzted asa link beseeen an
IEA and an agreement 1o shars the cost of R&L Maereover, considermy
that the varicus transboundary pellutgnes have initally been regulated in
separate agreements Gulphue Helsink and Oslo Protecols, nitrogen
orides: Sofic, and veleble orginic compeunds: Geneva) butare zow treated
together m the Gothenburg Protecol signad in 1999, and thay the Kyvato
Frotoeol denls with several global pollutants in one agrsement. sugpests
me kind of issue bnkage under the [ast two mentoned protocels, [n the
terature, it has bean suggesied Lhul, v linkage can «

aiy

{section 3.3.5) and compliance {section 2.3) in an TEA,

AL ﬁ.m_.ﬂ_.._.h..ﬂ_w_ Lo

Sunctions

Obvipus measures Lo control free-riding are sunctions. Howsver, empirical
evidencetells us that cither most 1EAs ivee no provision fersanclions or Lhey
Barve hardly Been used in the past, Probably. the enly exception of sanction-
ing non-parlicipation 1s the above-mentioned Aruele 4 under the Montraal
Protocol Forsanctioming non-compliines most IEAs have only & provision
for the establishment of ae arbitration and H_?....._:._r. setflemeant committes if
ong pacty aocuses another ol violating the sparit ol an agreement (Maraubn.
1996, pp G500 B8l 1995, pp 97 und Werksman, 1597, pp. 85110, Due ta
the voluntary churueter of the arbitration scheme and sinee the provisien
eontaing oo threat of punishment, i is not surprising that there are no
reported mstanees of application (Sand. 1996, po 7775, Again, the ozens
repime is an exceplion. whers (he parties first agreed on an indicative st of
meeasures (AnTex Viat their fourth mectung in Copenhagenin 1292 and then
defined non-compliance at their sixth meeting in Nairobr in 1994.1% The
measures mehude fap assistance in Lhe colleetion and the reporting of data,
lechnicalassistance, weehmelogy trunsters and Bnancial assistance, (b) isswing
cadtons and (o) suspansion af specific rights and privileges, including trins-
fers of technolegy, financial mechunism and institutional arrangzments [1is




Frarfinl af sovivemnental alld (S50e0s EroRaniics

evident that only item {2 can be ragarded as sa ..__.r._.z...:...r Muoreovern Lhese sanc-
tions cenonly be wsed seainst developimg countries since only these canelaim
assislanee and cnjoy specific rights and privileges (for exampla, they ame
allowed a longer transition pericd unti] they have o mact the largels of the
various protacals) wnder Artiele 5 of the oeone regime - owever, any
Fvrmul siatoment ol non-compliance by the Implementation Committes has
tovbe passad by unanimity.!” Anotherexemption s the Kyolo Prolocol where
the partizs agrzad a1 the mecting in Marrakesh m 2001 on "Consequences
Applicd by the Foloreerment Branch' i Annes X305 Similar to the Montrs
Protocol, mast measuras nclude assistance 10 meel the targels ratler than
touzh sanetions, and complicated voting procedures precede any Formal
statgment of non-compliance. TTowever, two tough panishment options have
been decided: a party (a) mav be 2xcluded from the emission trading system
and (b) must reduce 30 per cent more of 1= wsagned cmissions in the second
commilment pertod (20013 170 L remains to be seen whether thesz sanctions
will beused in the fumre,

In contrast to Chaves and Chayes (1992 1949351 ©inlerprel the smpirical
evidence on sanclions nol o imply that free-riding s not a preblen. but to
sugoest thar the design of edective sanctions iy, skt e
and tzchnical problems m reality (Finus, 2002

|, Sancticning countrizs for not accading toan TEA 5 al odds with the

notion of volunt:

Sunetioms oflen also have o negative effect on those countries carmying

out the punishment. Thus harsh sanctions gre nol always credible and

constitule themselvos 43 s public ood thal = subject wo feee-riding.

3. Senceuoming nos-compliance 15 fawed by the factt :c:aaq sl [red:
Lies signatories can withdraw from the agreoment alier giving notes
thrzs (Kyvoto Protocol, Article 271 or four years [Montreal Protocol,
Arhcle 1% in advance.

4. Barctions mav be in conflict with the rzg

example, trade sanctions and W

Coordinzlion ol sanctons among signatories is often time-comsuming

and costly

ry: ._.u_mu.._._.ﬂ.._..u_mu__..__.r.w..u...

p

oms ol other treaties (for

n

2.3 Basic Framework®

Let thare he & countrcs,

ke given by

o

Sierhifier i efesfmi of LA rvdbindar) pollulion 4

Country § oenelits Mrom i3 own emissions, ¢, where it 15 usually assumed
that benetits incrzase (B0 el a decrensing vale (B =200 Thus amissions
can bz vicwed a5 an inpol o e production and consumption of soods
where Lhe law of diminishing returns Eﬁ_:nm_ Couniry 1 oalso sufers
damages from its et (o) and lorerg e, 7 # 6 cmissions, The ransporta-

tiom coafficien| ag. | =g % irdlicanes the portion of emissions of r:.:.;ﬂ
r.owhich = deposited in country . Whareas tor local pollutants, ¢, — 1 and
a,.=a, =0, the transportation cooflicienls will be bebween zero h:L ong far

H:.:uuazzﬂm? pollutanis, as for instance the acld rain peliutant sulphur,
Forun :ﬂﬁ:.:r_ coLntsy __wwp the UK. 2, and g, will he smull and fora down-
wind courry, like Norway, these E.__r:ar_r:? will be large. For gloka] pal-
larants, ks CFCs and m._.nn:_::;n 2ases, all costhicients are one since
grissions disperse uniformly in the atmesphers.” The stndard assumyp-
Lion is that damagss incredse in cenosilions :ﬂ_ = [1) oL an increasing rale
=), Heneo, "_:n the himmited absorption and regeneration capacity af
most environmental svatems, environmental damages inercese more thae
praparticnally with ingreasmy deposilions,
Binee henelits from shaiement correspond to reducad damages from dep-
psitiens and cost of abatement correspond Lo s loss of kenefits
reduced emissions (opportunity cost ol abatementl, a couniry’s welfare
function (also called payolT flunction in the game-thecretice! lermineiogy )
has also been madelled intarms of dxtement m the hilerature. Sinee qual-
itarive rasults are nod alfected by such a change, Tradl relatz all subsecuent
models Lo (2.1 17 order Lo use 4 uniform terminology.

If each of the & countriss pursues 1= owr antercsl, that s, all eountrics
behave non-cooperatively, cach country maximizes (3,11 with espoct Lo iLs
QWL LIRSS ::mxi. taking emissions from other countries as given

The simuizanzous selution of the A first-order conditions B, =, deliv-
T3 fhe non-coopariative WNash cyuwlibriom emission vectar ¢ = T e .
Sioce this cguilibrivee de feclo impliss that counies form singleton
coalitions, it seems plavsible 1o assume that il wepresents the staris g
Befiore wn TEA i3 sizneds In contrast, if governments were Lo pursue the
common interest. that is. they behaved Ay cooperativedy. they would miax-
i e ageregeie payoll over all counries H.Emmw_i.ﬂ..,._. Again, the
e
simultaneous selution of Lhe A first-order conditions B/ =%« \_.» celiv-
ers the fully cooperative (also called globally or socially E.;.EFH EITT153T0T]
vector #% = (ef, . o) This may be interpreted as it all countrics lorm a
grand coalition and _EET. miximize the egeregale wollare of theireo
tiomn f3 o™ gy long as there i3 some transhoundary pollution E&I

[l

LE

Sinee ¢t J
for ﬁz.._u 58, glabal welfire could be raised through cooperation, that is
Y miey =2 omie®), This is also true for more pragmatic solutions
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fwhich most TEAs are), whers either the grand cosliton chooses mmare niad-
arate sbalement targets than 10 the socil optimum or oaly o subgroup of
countries forms a corliton (coaliions), Impiving o partially cooperative
emission veclor ™ = (e, o ed ) However m Lhe Fasic ranework, noferm
of cooperation can be mEOE,ﬂ_ In & slulc game, any strateay of cond-
el nca_,ﬁE:os_ 1wl cooperate providad vou alse cooperate’) would

= Lrrationg] sinee 1L cannot be rewarded at later stuges Thus any other
emission veetor differant from the (static) Nash equilibrium would imply
that @t least phe country has an incentive to ravisa its decsion. Thus, 1o
gxplain any form of cooperation requires extending the basic lramework
(see seclion 2.4)

I arder ta stody the free-riding behaviour of countrizs in the context of
coalition tormation, 10 1s helpful 1o note that the frst-order conditions
derivad from the masimization behaviour ol single countries or coalitions
for any coalition structurs ! different (rom the grand coalition can be mter-

preted as best-reply functions. A best-reply function deseribes the E,_:Em_
¢haice of ermssions of a country (coahlion) for & given level of amissions
ol outsiders {and given transportation cocficients). Tota] differentzalion :_
the frst-order condilions delivers the slopes of the reachion Tunctions that
approximate the dirsction and the exlent ol

range of emissions of coun-
es (coalitions) to an exlerne! change of emissions, Usually, these Tune-
:.usm are nemilively sleped sinee an incrsase {decrcase) of external
emiEsions inereasss freduces) marginal damages and a best reply calls ona
colnlry jcoalition) lo reduce (ncrease) emissions, which increase
reduces) mannnal konclits in order 1o egualize marginal bensfits and
damages. Only under special conditions ((a) o, = 0. (bl w, — U and (] hnear
damage cost functions) is the eptimal choice of a cot :J..x {coalition) inds-
pendent of externzl ermissions (dominant strategy) and the slape of

counity’s (coaliion’s) reaction function wero. The lizetature refers Lo the
slunderd case as non-orthogonal end to the special cuse us orthogonal best-

i
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24  Exrended Framework

Tunle 3.1 provides an overview of important features {eolumn 1), sub-
features (column 23 and characieristics (columns 3 and 4) according Lo
which variows coalition maodals can be structured, Those characteristics
Lhal can he related o the basie model are indweatled 0 italic, All ethe
entriss are relaled o extended frimeaerks, which suzgests Lhat Lhe oumber

i possible extensions i+ large. Theretore, in order not to lese track at U
meﬁ of the discussion, 1will omby brisfly skerch some impaortant issues ol
Tabic 2.1 and encourape the redder Lo relura 1o this subssetion eller reading

Malitliv g ameal desiou ol TEA s vanshaundai v pollution

[

Taitle 2.0 Sirwctuie of coolivien mdels

Ilain femures Characteristics

Time [apiicil dynarmi: il dyndmic
Finite, ¢r infi;
Dhiscrete or
CONrnLsE
Payed Etructural relalicn Frcdepenlin Dlependearm
(o pofution) (stock podlution)
Apuments ke mrarenal Also nen-mazerial
,.. k) ot Lot
nsfors No Yes
Fauitibrium Strategic telslion ficlepennlend Dependent
ConEEpTs SEncTions Herent degrees o hasshress a
cradibility of senciions
Drovialions Multiple
Mumzer of Moulligle
LR
Raules of Simultaneous Sequentidl
coalinon formation
formation Muwmber of coalitions  Singlc Ml
Membearship Ohper: Exclusive
Consensas ifferent dezrzes of consensus wilh

respect 10 merr bacshi;

sections 3 and 4 to gain a full understanding of the driving forces of coul-
ten modsls and ther classfeation.

[ he Mmstomain feature and an important prereguisite for cooperation s
*Timie’, Whersas non-cooperitive beheviour 3 the only sguilibriom strat-
ey in the slatie basic model (conditional coopsration is nol possiblel,
cooperalive behavion: is wonﬂzm i & chvnamic extended model sinee coun-
trigs can condition their stretegies on previoss behaviour andior can react
o deviations Trom agreed strategies through some form of punishment.™
Hawever. in sems madsls the dynamic aspeet is not immediately abvious 1
call this an Yimplicit dynamic framawaork’, which means thal lime is nol
explicitly modelled and the dynamic slory 1% exogenous to the model. In
contrast, un "explicit dynamic framework” impliss (hat “reul” ume s cap-
lured and madelled. In the case of an exphot dynamic time framework, the
titne horison can be either finite or mfinite and the tme miervals can be
cither diserzte or continuous, Aninfinite tme horizon dozs not necesserily
imply an infinite 1ife of agents but omiy that the end of the gams is not
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siratomes can only he
immediataly ba

knowr with eertainly. 12iserete time unplies |
_.?._..,u.ﬁ_ al certain peints in time whereas shalcgios
evised 1F Uime s continuous,

.:.ﬁ second main lealure 15 " Favedi. The first sun-feature, ﬁm_ﬂﬁn:.:.m_
relation’, s closely related to the dymamics of o maodel (o

Time’). “Stroctutal Eaﬂua wdence means that povoffs at time ¢ gﬂum_a only
on strategies (that s smissions) at time ¢ whersis structurs] dependence
implies that they alse rﬁn_a onl previous strategios Since in the context of
[EAs most coalition modelz capture only siructuenl dependence with
respect to damages fram cossions, the ling of distinction can also be drawn
herween the assumpbion of Aow f.En_ stocl pollmtanla This sub-leature can
ihso berelated 1o thres -Eﬁ_E tanl games, Repeated games assume the same
navodT function at each point In ume and vsually discrete tme miervals
T we will enecunter a version with eontinuous Ume m seclien 3.2. To
conlrast, difference and different ; games caplure stroctural dependence
of payafts where the former assdme discrets and the latier conlinueus bime
(Drowkner ebal, 2000 and de Zaeuw and van der Plocg, 19911 OF cou
Lrrvially, since the basic madal is stalic, 10 payoll suructurs can be classified
as independznt, The seeond sub-featwes coneerns the arguments 17 eoun-
tries” pavedT lunctions. Whersas “material payells” refer te benelits and costs
[rom cmissions as captured in the besic mode! m equation (3.0, all other
dimensions such gs reputztion and farness that usually ..mr._.,::. TR G-
aperation wre captured by the term non-mataral paelTs The same pos-
Live elTect usually applies to the third sub-Teature, "Transfers’, whick may be
seen as an additions] slrateey Lo ermissions to achieve cooperanon,

The therel main leature 15 capturad by the term .m..._ thrium concepts’,
where the first two sub-features, “Siraicoic relavon” and "Sanctions’ also
have a close comnection (o thedynamics of a madel, Strarsgic mdependence
implies that strategies are choszn once and for &l and cannol be revisad,
whereas strategic depandence implies thal slraleges at time ¢ are condi-
tened on previous actions and cun be revised I new infermation Secomes
available.™ Comseguently and triviallve there is no strategic dependeancz in
the busic model due 1o 1ts static nature, The second snb-featurs, “Dillzre
dugrees of harshness and credility of sanctions’, is related o two Tacts,
First, in g dvnsmic setling the Tree-rider ingentives (ol type 1 and 2) denot

A
T feamirs

vanish bul may be controlled through cither implicit or exphet threats of

sanctions, Secend., threats ol punishmient have 1o be eredible o be deter
rent, which corresponds to different notions of eguilibrivm coneepts dis-
cussed in subsequent scctons. Those notions are alse relatad to the thizd
sub-lealure, “Deviations’ Wharens we delined stability in the basic mods]
asn skame that is mmuone o sinale deviations [Nash w_..:.;:g._ UIm ), #eme

coalition models deline stability b tarms of muliple deviations, OF course,

ierrilery evwd cleafger o DA afisfowtidEee pollrion 95

i the basic model, this simple defmition was sullicienl sinee cooperative
wore el steble anvwey, butis less obvious in extended madels
where full ar partal cooperation is possible,

The fourth main feature is the “Nwnber of fooes”. Whereas the busic
madel restricted atleniion to one ssue, that s, one polluzant. some eoali-
don models also consider poltiple issues, as tor mstance addimional pally-
tants, trads Hows, invesiment in R&ID and so on. ?.__.___.:J.__ﬂ 85kEs can
unprave upom Lhe pessibifities of establisiing cooperation batwoen coun-
wries il ssues are nT: rlv and strategically linled, The suoczss of weus
linkage depands on g number of Gietors which are disedssed in subsequent

gctions, hul the muin reasort s that ssue hnkage, like transfees, ineroases
the number of palicy aptions (strategizs) to achisve cooperation,

The fifth main feature is the *Rules of coglibon fermation’. The rules
pe intermreied s the insututional setung i which countries steixe informal

v formel cooperative agreements with othsr countriss. At this stage it
E:an to point ovt thit the rules of codhizon Trmebon bave a erucial
impaet on the oweom:s, but it rode has only recently been analvsed na
.,_.HE...L of literature thar 1 eall “nevw coalition theory”, discussad in subsce-
tion 3.3.5,

In summarxng the prehmonesy discussion. five conclusions seem
mporiant. First, a dyvnamic time framswork is the most importanl ingre-
dient and exrension compared (o Lhe busic mode! moorder 1o capture the
phenomenon of cooperauon. Second, it will become uTEHE from Seo-
tiohs 3 and 4 that the extensions non-material payelTs, trunsfors und 15sue
bkzge will usuelly heve & postiiive eTeel on the possibility of cooperation,
In terms of the rules of coalition formaron it will be evident that the
possibility of forming muitiple coalivens msteed of only one coalizio
testricting moembership 1o an IEA {saelusive membership) instead of
allowing any country tc join and h.ma_E.Em i high insteazd of a low degre
of comzensus with respect te mombership o an 1TEA wall lead to superior
outcomes 17 lerms ol glebal wellare and emissions Third, e clear-cut
conciusions about the effact of characteristics of other suh-features that
constiLuie an extension Lo the basie model can be drawn. This will depend
on the specifics of models Fourth. roughly speaking, the righi-hand-side
characterstics (lourth cofurnm) an Tahle 30 mmply a higher depres of
sophistication than the left-hand-side charactsristics Dthird columind
Howewer, sophistication comes at the cost of complexaty, Therefore, it will
become apparent that all models make some exogencus assumplions and
v [or 1he remaining endomenous variable moorder to keep the analy
trzeiable For instance, all coalition medzlz assume certam rules of cosli-
Lion formation when determining equibibrium coalition steactares but do
nol derive thess rules from the negotiation process between the potential
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participants to an LEA, Morzover, all models fbcus either on the first or the
second 1ype of Fee-riding and capture the oiner wpe of Tree-nding only
dellciently, T ake this phencmenon as the fundamental feature o structure
the following discussion, I call models thid focus on the first [ype of ee-

riding Tremborship <" (W -models seetion 2yand those thatl focus on

e second Lype of lree-cding ‘compliance models” (C-models: section 4
d-models are concerned with the coalition formaton process snd siabil-
o of membership, They anulyse whethor & counry romaing a non-
parlicipanl or participaies i a coalivon and, if it participates, with which
counteies it will form a coalition, Hewever, M-models are ned concerned
with ..L.FE_.,; and how goreed emission colings within o coalion are
erforeed This s the focus of C-mocels, which emphasize the rale of sanc-
tions i enforcing complianee, However, C-mmodels usually start theiranaly-
sis from o glven membership and oree less m.,_.u::.:_.. L Lhe nrooess ol
coulition ormaton and issue of memsership 27 Fifth, it will be apparsnt
that if structural depsndence is modsallad (which is enly the casz in some
Momodsls, soplyving the stabelity comeep! of the core; subsection 323, this
woonly done an werms of emissions. The reason s simple: o all models
pavodfs are a tunctien of emissions and EEM,_...._W,.E, which ire anly indirectly
a Minction of mombership, Morcover, w
denendence s ineresting becavse of stock _#.._.___.:Ezm. it is l2ss interesting
for transtzrs as long as it is assumad that transters st time 7 are paid cut of
the suing from cooperalion al lime o Adsa, 1l strategic depencence s
assurned, 10w wsually only modelled m terms of emissions and transizrs
iwhich is the casz in seme M-models ,Fﬂ__:s o the stability concept of the
eorz; subscotion 3.2, and inoall Cemodels; seetion 2], thowsh 11 weoald zen-
erally be posaible (and veryv useful) 1o capture strategic dependence 1 tarms
of mambership.
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5 MEMBERSHIP MODELS

i has been anglysed wilhin ceoperative and non-cooparative
game heory, The classical distinezion = that coopertlive game lHeory
assumes the possibility of bindimyg agreenents whereas non-cocparative
e theory neglecls this possibiliny. Howsaver, mwill hecome apperent that
this distinction is not very helplul smmee all M-models shars some tunda-
mental featlures® First, not only coopers bt alse non-cocperative
pame-theoretical Memaodels assume some form of commitment within
coalitions. That is all M-medels assume U ntries comply with their

Erehny ana desrin of IEAs: traesbon
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emissien reduction and transter obligations if they form a coalition and
therefore tree—rider problams of real TEAS gre underestimated. Sceond, nol
only Memedelh belongme Lo non-cooperative game theory but also thos
helonging 1o cooperative gams theory assume same form of punishment it
countrizs lzave an agreement, Third, a1l M-maodels check stabilizy ol mam-
nership an an implot dyranie Famesork, That s they analvse whether a
country or group of couniries have an lncentive 7o move from a particular
coulition structure (state 1 to another coalition structure {stames 2. 2
where the tme path Lo saitch [rom one W another stale s not modelled.
Thearelore, I propose ta distinguish bath theories 11 t2rms of theie tools and
ot

The first allempts wostacdy coalition formation are reoted 10 cooperative
game theors™ The analviical tool 5 the characienstic Mneten (s
Tefinition 1, below) that assigns 1o 2ach coalition & worth, which is the
aggregate pavolTa coalton can gt irrespective of the behavieur of autsid-
ers. What irrespective means de h.._m:nw anthespecific assumprions assaciale
with this furetion and will be diseugsed in subsection 327, The focus of the
analysis 1 om Lhe allocation ol the zains Trom cooperalion, but nol thal
wels may chopse inefficient strategies. Theretore, 1n games with external-
ities, stability of the grand eonlition mmplementing the socially oplimel sirel-
egy vecloris analysed. Theeentral guestion of the analysis iz which transfer
scheme ar bargaining rulz enables the grand coalition 1o be sustained?

Proponeniz of non-cooperalive same heary eribiose three Teatures of
cooperative coalivion thecry: (1) Tor rational actors @ seems natural to
m.,.._EE_., that they bass thelr decision about membership on indivicdual
rather then on aggrerate pavalls; (2) some assumpbons of cooperative
guma theory about the behavicur of countries cutside & coalition
difficult Lo just® since they requite irrational behaviour of countries [(s28
section 3.2, for detals): ﬁ: conperative game theory cannot axplain why
most [EAs are insflicient in terms of participation and amission reductions.
Therefore, scholars of non-cooperative geme Lheory propose analvsing
coalition formation based on o valuation function {sae Definition 1) thal
asslgns an j_..:.:a:": payoll o cach player lor any possble coalition strue-
e, assuming that each coalition pursuss 1 own interests, and nol
ricting coalition farmation to the grand eoaition, Henee the behavionrs
of insiders and cutsiders 15 guided by seli-interestand is based on the sams
assumplion of rationghisy. That 1s, countries cooperate within their eoali-
o but behave non-cooperatively against ou Sa s Theretore, higher than
globally optitnal envssions and inefficient coalition structures (different
lrem the grand coalition) tvpically emerge in .E.E.E,.,__h um. The central ques-
tiom of the enalvsts is: which coalition structure can be sustened as an equi-
librium for a given transfzr schame or barzaining rule?
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