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Abstract

In this paper we present a model of internationalirenmental agreements in the
presence of threshold effects. The model is intthdition of models of international
environmental agreements formulated as games ititiparfunction form. Games in
partition function form allow the incorporation ekternal effects between players. The
model is applied to global climate change agreemdiite agreement involves a contract
between nations as to the level of abatement @niy@use gas emissions and how these
benefits are to be shared. Benefits to emissior$éeatent are subject to a threshold.
Consequently, we model climate as a global threshmlblic good. This allows a
mechanism to explore incentives and disincentieesigning agreements consequent to
a critical number of other players committing tosggreement.

1. Introduction

Climate change, water security, and the loss dbpioal diversity are some of the most
important environmental problems that undermine $listainability of the modern

interconnected economies. All these problems sharecommon thread in that

uncoordinated individual actions are contributiregthe depletion of commonly held

property that form an integral part of the globatural environment. The uncertainties
relating to the nature of cause and effect andrtability to hold individuals to account

for damage makes it necessary to reach a solutimugh cooperation. International
Environmental Agreements (IEAS) negotiated betwesions are an example of a global
policy instrument designed to improve global wedfaihe challenge in the IEAs has
been to make them not only profitable, but aldbesgorcing, due in part for incentives

for nation to join and remain committed in their rowelf-interest (Fuentes-Albero, &
Rubio 2010).

Theliterature on the minimum number of players meeedo form an effective
international environmental agreement (IEA) inclid@ararro, et al. (2004). In their
work, the participation problem is formulated aghaee-stage game where players
choose the minimum proportion of the total numtgslayers who must be signatories in
the first stage of the game. In this paper, we aihat it is not so much the number of
players but their contribution to emissions or eb@nt is the central issue. We therefore

model IEA as a game in partition function form wathhreshold or provision point public



bad, namely greenhouse gas emissions. Games itigoafunction form were first
proposed by Thrall and Lucas (1963) and later adplio strategic cooperation in
international environmental agreements ), for eXantyy Chander and Tulkens (1997)
and, McQuillin (2008)

Barratt (1994) also uses a similar set-up althomghis model Chander and Tulkens'
damage function takes the form of a benefit fumctiand emissions are replaced with
abatement levels. In that model, the transformatimction becomes a cost function.

The differences, however, do not appear to be gasaninforming the outcome.

In this paper, we examine how a threshold or promipoint affects the partial agreement
equilibrium. In other words, does a high threshotth emissions level that is unlikely to
be reached, leading to a smaller group of sigregdn equilibrium? Then, can a partial
agreement equilibrium induce emissions levels thiate the ambient greenhouse gas
concentration below the provision point? This igllse the key practical question,
because if this is not the case, then IEA will beffective in eradicating damage.
Perhaps eradication of damage is wishful thinkimgl & a world where damage is
continuous and thresholds don’t play a role thimdeed the case. On the other hand, we
may not have exceeded a critical threshold, oreifhave, we may not have exceeded by
too much, and still through sensible managementtipes, able to push ambient
greenhouse gas concentrations back below soméntihde#\n important question is: Are
IEA with a limited number of signatories able to ttes? We examine this question

below.

2. The Model
The model is based on Chander (2007) and Chandefuakens (1997). We consider a

game between N players or countries where N={1, .. Fofthermore, we will consider a

partition of this set such that: P=(s,...,S,) and

= S; =N



Where, for alli # j,S n S; =0 and we will refer to this partition as a coalition

structure.

Commodities are of two types: a private gogdi =1,...,n and a public bad which

represents the ambient level of greenhouse gaseotration in the atmosphere (e.g.

CQO,). The private goody; is related to greenhouse gas emissiensiccording to the

following transformation function:

y,=g(e)iON andz=>e .

iON

Our model then departs somewhat from the Chandkatkens (1997) framework by
introducing the idea that environmental damage. (ckmate change) should be
considered a threshold public good. In other wanaiéssions only induce damage when
the ambient level of greenhouse gases exceeds swashold which in the threshold
public goods literature is typically referred to asprovision point. Consequently we

model consumer preferences in terms of a provig@nt mechanism:
ui(yi,z): Y, _V(Z)1 if 2> Zy andui()’wz): Y, if z< %-

Where the provision pointz, may be interpreted as a threshold below whichl tota

emissions are insufficient to induce environmerdalmage in the sense of global

warming.

We now proceed as follows: first, we determine Rlageto efficient allocation in each of

these cases before defining thecharacteristic function ang-core of the game. Then

we analyze for each case the conditions under wdiphrtial agreement equilibrium (a
particular type of Nash equilibrium for partitiominfiction form games) exists before
proceeding to study how the existence of a “provigoint” may impact on the Chander-

Tulkens solution to the game. We also examine rii@ications of provision points for



fair division solution concepts in the Shapley-waltamily, e.g. Owen-value and
McQuillin’'s extended and generalized Shapley valdach we will refer to as the

McQuillin-value.

If (elen) are the Pareto efficient emissions then for thst fcase the first order

conditions are given b)g’(el*): nv'(z)and in the second case one obtagﬁéa*):o.

From the latter condition we can deduce th%& =0for some n>0. These

dz 22,

conditions are interesting because, assumption @hahder and Tulkens (1997) allows
for threshold public goods but they do not analyae formation of international

environmental agreements in terms of this threshmltl only in order to set-up the
damage function. In their later work they drop thecification and assume away a
provision point - this allows them to weaken theuwssptions they require regarding

concavity of the transformation function.

We now consider case | in more detail. In terms strategic game first we define the
strategy spac@, ={e :0<e <€}, andT =T, x...xT, and utility profile u = (u,,...u, )
. This defines a game = (N, T, u).

Denote the Nash equilibrium of this game(By,...én). Given a coalition structure P we
can define a coalitional equilibrium as

(é| )iDsj =argma{2{g(e)_ ZQ + ZékJD,j =12...,m

iCs, iCs, KON\S;

Note that this implies tha} e + > & > z,.

ios; KON\S;
We now consider case Il in more detail. In thisecdi® coalitional equilibrium plays no
role and one obtaing'(e ) = 0,i =1,...,n, in other words the game theoretic character of
the problem disappears and each country unilayedlatermines emissions level as they

see fit. Their emissions have no impact on eachroth



3. The y-characteristic function

We now consider a partition consisting of a coatitiS and a number of individual

players, the coalitional equilibrium now takes tbem (partial agreement equilibrium):

ids i0s JON\S

(8).s =argm Z[g(e.)-{Za + Zé,m

And

& :argma{g(ej)— D8 +ejﬂ,jDN\S.

iONi# ]

The first of these gives the conditions under whighcoalitionS maximizes welfare and
the second gives the best-response of a non-meoibtte coalition to the optimal
emissions decisions of the coalition. We now intrcglthe y -characteristic function:

wig)=x]ole)-{za ||

i0s JON

Therefore the y-characteristic function gives an expression fog #urplus welfare

generated by coalition members. In the event ofgioms are constrained to not exceed
the threshold the disutility term in each of thegpressions will be zero. This completes
the set-up of the model.

The rest of our paper considers the implicationsthwésholds for proposition 5 of
Chander and Tulkens (1997). Proposition 5 is herstated without proof in slightly
modified form.

Proposition 1: For all SON,S# N,|§ = 2,nV(z )= Vv(z), where ng denotes the size of

coalition S and corresponds to the Nash (disagreement) equilibrium z and Pareto



efficient levels of ambient emissions z~ respectively. Then the emission level of each
player in the coalition of a partial agreement equilibriumis not higher than the emission

level corresponding to the Nash equilibrium.

The result as stated here relies on symmetry otlthatility of ambient emissions. This
assumption was not made in Chander and Tulkens7{184 is made in later work, e.g.
Chander (2007).

Our first result is a corollary of this. This resig not really surprising and rather obvious

however it is presented because it will be refetoeldter.

Proposition 2: Given the validity of proposition there is some minimal size of the

coalition that guarantees at least one signatotlgg@greement.

Proof: Proposition 1 implies that” < Z <z, however, strict concavity of the damage
function impliesV'(z')>v/(z) (see figure 1). This impliesg =& <1. If z' is less than

the threshold then coalition size will be largel@sg as the disagreement equilibrium
does not induce emissions that are too large.Heratords if one is already too far above

the threshold the coalition size will be small.



damagea
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Figure 1. damage or disutility function

Because the harmful emissions threshold for 'dangeglobal warming' is not precisely
known, it is important to analyse how to reduce ssioins if the coalition membership

were to remain below the critical membership thoégh

Consider the following situation. Initiallg > z,, however, as a result of the agreement
emissionsz are reduced to a levél< z,. We assume here that emissions under the

Pareto-optimal outcome are even lower. In otherd&owe assume both the potential for
the success in terms of emission reductions ofllaafireement and the success on the
same terms of a 'partial agreement equilibriumis Hlowever has as a consequence that

ex-post each player maximizes their own privatesbento emissions and that

gle)=0@)=9)=00i.



It is possible that this behaviour could induceaggregate level of emissions that would
be once again lie above the threshold. Therefang, \@able agreement requires an
additional condition for it to be workable and etige in keeping emissions below the
harmful threshold. We term this condition ex-pastustness. It is likely related to the
idea of ex-post implementation and robust implem@gon in the mechanism design
literature, however that literature is largely nmoperative in nature rather than
cooperative [see for example, Bergemann & MorrBO& 2009)]. Firstly we define the

ex-post emissions equilibrium as follows.
Definition1: Ex-post emissions equilibrium.
(er)iDN =argmaxg(e ),0i ON

Note that this is not the same as the disagreeewrlibrium, which is defined in terms
of damage from emissions. The ex-post equilibrisauanes that damaging levels of
emissions have been eradicated although not netdedbat all emissions have been

eradicated.

Definition 2: Ex-post robustness. A partial agreement equilibriur(éI ,éj) is said

i0S, jON\S
to be ex-post robust iff® < z,.

If the agreement were not ex-post robust, thenistdfested behavior of all parties
whether signatories or not after successful redoctdf emissions would lead to
emissions again increasing to a new level aboveptbeision point threshold which
would trigger the need for a new agreement. Essgnthe initial IEA would not be time
consistent, although fully exploring time consistenproperties would require
development of a multi-period or fully dynamic mbaé IEA’s (see recent work by
Pavlova, 2008).

Example:



Consider the following utility functionu; = ag —be’ -c> e . This utility function

assumes a linear damage function above the thakeshbis induces a partial agreement

equilibrium as follows:

. _a-ng . _a-c

€ns — T’ejDN\S - T

The ex-post equilibrium is
a

erzz—b,iDN.

2
L N - - -1
From this it is clear thdt=ngo s +(n-n )& S=n2 _pn< -k )C If the
2b 2b b 2b 2b

treaty is successful in reducing emissions this vél less tharg,. However, the ex-post
_ : . a R
equilibrium induced emissions are® =n%. Clearly, z* >2Z. Nevertheless, there

clearly could exist &,, such thatz® > z° > 2. So that the treaty, on being implemented,

would create incentives for individuals to agaitiyge to damaging levels.

The threshold could however be even larger thanethpost emissions level, which
would make the success of the treaty even greaterins of emissions reductions and
return us to a state of the world predating theoétauman induced climate change. More
likely however is that an agreement will be modasatsuccessful in controlling
emissions because the threshold itself for indudagage is not that great or we have
not already passed it by much. A low thresholdaisyeto cross again, and this makes for
IEA that are unlikely to be ex-post robust.

We now turn to the key question that we proposetienintroduction how in equilibrium

is the number of signatories affected by the thokkkevel? Assuming a utility function

u =ae —be’ —cZeI like that of the previous example, then we catedtiae following

proposition.

10



n(a-c)- 2bz,
c

Proposition 3: ng = \/ +1

Proof: a partial agreement equilibrium for the quadratidity function implies

n(a-c)- 2bz, .\
c

1m

A - 2-1 . .
Z=n a2bc - (nSZb )C < z, rearranging one obtaing, > \/

Clearly, our initial intuition is valid, and in thicase, a higher threshold for pollutants
would in equilibrium result in a lower minimum tisteld for membership of the

coalition in an agreement that reduces emissiolbgamaging levels. This should be
interpreted to mean that it would be hard to gagnatories to agreements if the damage
threshold is high. Low thresholds which are easilyssed on the other hand and the
success of which is easily achieved are easierbtairo commitment for a binding

agreement. The downside of such agreements ishiégtmay well not be robust as the

previous example illustrates.

Now we explore how the conditions for internal andernal stability of an agreement

and the use of transfer payments in achievinglgtabi

4. Ex-post solution of a partial IEA

What consequences might thresholds have for trembgween members of a coalition?
Consider the Chander and Tulkens transfer mechanidms determines transfers
between players that guarantee internal and extstataility of the agreement. However,
these transfers do not relate to the robustnestiseadigreement ex-post. Consequently,

the Chander Tulkens solutions concept is an exswoltgions concept.

Chander-Tulkens is defined as follows:

11



jON jON

~{ae)-0e) 2 Sols)-Sole)

JON JON

1= le)-0e) 2 S ols)- 2 o)

The transferT, is positive for a transfer received and negatoretfansfers made. These

transfers act to compensate players for lossesta@mvironmental damage. The C-T
transfer mechanism essentially applies a propatiarie to distribute the surplus of the
grand coalition along with the opportunity costasated with unanimous agreement
amongst all players. It is worth noting that beeatl® good in question is a global public
good, these transfers are paid to all players venaihnot they are signing members of a

coalition.

Note because we follow Chander (2007) in assunfiagdamage from climate change is
a pure public bad and therefore identical for #&lyprs. The marginal damage does not
appear in the C-T transfer formula. Consequently titreshold will not impact on
transfers directly, but it will have an impact iqudibrium as the following example
illustrates.

Example: C-T mechanism with threshold
Using the quadratic utility function from of thestaexample, however, with different

parameters for different players, we can computePtdreto efficient emissions, to be:

And the disagreement equilibrium is:

' 2b

s =37NC g

This results in the following transfers if emisssaare above the threshold.

12



T=Jg& "N _pla-nc 2_ & ~NsC_pla~NsC i

2 2
1 a —nc a —nc a —NngC a —NngC
=Y a b -Ya b
7a i) g 8 ne g ne]

jON i

Simplifying,

T = _[a (nf;'n)c b Ha ;b?scf _[az_b'mm

Can we place a bound on transfers based on thedbwugoalition size? To do this we

need to distinguish ex-post and ex-ante cases.

However c is zero if aggregate emissions are belosv threshold. So we need to
distinguish the following cases:

I.  emissions below the threshold =0

ii. emissions above the threshold

13



Therefore we only need to consider the latter ¢gasehich emissions are above the
threshold.

In this case transfers do depend on the threslhiolde consider the lower bound of
transfers, i.e. the minimum level of transfers ¥seey to maintain an agreement then we
can examine how an increase in the threshold immpaeansfers. This is of interest
because it is unclear where such a threshold reafstimates of what level of emissions
are likely to be damaging vary.

As discussed earlier there clearly could exist,asuch thatz® > z° > 2 So that the

treaty, on being implemented, would create incestifor individuals to again pollute to
damaging levels. The question is whether a poliag be devised to exclude this
possibility? In other words can we design a potltgt guarantees ex-post robustness of
any international environmental agreement? Firstbte that we will assume an ex-ante
successful treaty in other wold< z,. However to guarantee ex-post robustness as we
define it here we need ex-post emissions also rnmaire below the threshold. For the
guadratic utility example ex-post emissions areegibyz®? = n%. While n is clearly
independent of policy. A, and b represent the nmalgprivate benefit of emissions and
2b the marginal private cost of emissions. Lowerthg marginal private benefit of

emissions or raising the marginal private costrafssions would lead to a reduction of

ex-post emissions. If these can be reduced toed b®low the damage threshold then we

14



would have achieved ou goal of reducing emissiaevb the threshold ex-post as well.
The most obvious way of achieving this would bedaple negotiations on international
environmental agreements to emissions taxes. ABs@ns tax such as a carbon tax
would raise the marginal private cost of emissioAscarbon tax would therefore
complement transfer and compensation polcies.vitoidh noting however that not every
country may be willing to impose private sancti@msits citizens in order to guarantee a
successful outcome. The unconstitutionality ofgh@posed French carbon tax springs to
mind. However even if a small number of countriesewto impose such sanctions it may
be sufficient to reduce ex-post emissions beloweshold levels. Consequently, robust
and successful IEA”s are likely to require a mixboth transfer mechanisms deisnged to
gain agreement to agree to emissions reductionsvedls as some type of private
sanctions, mostly likely, tax instruments, in ortleguarantee that successful agreements

do not evaporate once they have served their parpos

5. Conclusion

This paper presents a model of IEAs under the gssomthat the global climate is an
environmental threshold good. The agreement ingwbansensus between nations as to
the level of abatement of greenhouse gas emissindshow the net benefits are to be
shared. The model is used to examine incentivesiemkcentives for signing agreement
due to a critical number of other players consgntm commit. The model is used to
represent an IEA as a provision point mechanism explore implications for the
number of signatories needed to successfully redemgssions below a harmful
threshold. The central issue in climate changecpaB to bring parties to a consensus
regarding the level of harmful ambient greenhowse @pncentrations while the business
as usual case continue to build the greenhouskgals with the increasing potential for
concentrations to reach the unknown critical tho&h Not taking action then

predisposes the global community an increasingaislamage.

We examined whether a high threshold - an emisdew®s that is unlikely to be reached,
could lead to a smaller group of signatories inildguum? Then, can a partial agreement
equilibrium induce emissions levels that drive #mebient greenhouse gas concentration
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below the provision point? This is really the kewgdical question, because if this is not

the case, then IEA will be ineffective in eradiogtdamage.

Our findings allow us to conclude that a higheresinold for pollutants would in
equilibrium result in a lower minimum threshold fimembership of the coalition in an
agreement that reduces emissions below damagimdslethis should be interpreted to
mean that it would be hard to gain signatoriesgee@ments if the damage threshold is
high. Low thresholds which are easily crossed endther hand and the success of which
is easily achieved are easier to obtain commitnfenta binding agreement. The
downside of such agreements is that they may veelba robust as individual signatories
may chose to defect because the benefits are shgrall nations whether or not they

sign the agreement.

Our analysis complements that dfuentes-Albero, & Rubio (2010) who found that
heterogeneity between countries has no relevaattsfion the scope of environmental
cooperation in comparison with the homogeneous i¢dsmnsfers are not allowed. With
transfers, effects depend on the kind of asymmétabatement costs are different, only
limited cooperation can be bought through transféns the contrary, if the countries
differ in terms of environmental damages, the lesekcooperation increases with the
degree of asymmetry.

We aim to extend our analysis to consider how pa@kemigh abatement costs for

developed nations can be a factor in inducing greaternational cooperation.
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