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Abstract
This paper considers whether international environmental public goods provision, such as mitigation of
climate change, is better dealt with through regional cooperation than through a global treaty. Previous
research suggests that, at best, a global environmental treaty will achieve very little. At worst, it will fail to
enter into force. Using a simple dynamic game-theoretic model, with weakly renegotiation-proof
equilibrium as solution concept, we demonstrate that two agreements can sustain a larger number of
cooperating parties than a single global treaty. The model provides upper and lower bounds on the number
of parties under each type of regime. It is shown that a regime with two agreements can Pareto dominate a
regime based on a single global treaty. We conclude that regional cooperation might be a good
alternative–or supplement–to global environmental agreements.
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1. Introduction
To be effective, international environmental agreements (IEAs) need to achieve broad
participation. For example, no international regime on climate change will be fully effective
without the involvement of countries that have not yet committed to reduce emissions levels under
the Kyoto framework, such as China, India, other developing countries, the United States, and
Australia.
Previous research based on non-cooperative game theory suggests that, at best, a global IEA
might achieve very little and at worst, could fail to enter into force (e.g., [5,7,14]). It is therefore
interesting to consider whether two or more regional treaties might be more successful than a
single global treaty. In this paper we show that an arrangement with two regional agreements can
sustain a larger number of cooperating parties than a single global treaty. Therefore, in a secondbest world characterized by free-rider incentives, a global treaty requiring agreement among a
large number of countries is not necessarily the best option.
Regional cooperation to deal with climate change is already taking place. In March 2000, the
European Climate Change Programme was launched by the European Union to coordinate EU
efforts to reduce greenhouse gas emissions, including an emissions trading scheme within the EU
that was implemented in 2005. At the same time there is speculation about possible U.S. interest in
a regional climate arrangement that would include NAFTA members (Canada, Mexico, and the
United States) and could be facilitated by the North American Commission on Environmental
Cooperation. Given the possibility of at least two regional climate policy arrangements and the
likelihood of more in the future as developing countries commit to reduce greenhouse gas
emissions, the next phase of global cooperation for climate control could evolve into a number of
regional alliances.
Our formal analysis is performed within the context of a simple dynamic game-theoretic model.
We show that two agreements can sustain a larger number of cooperating parties than a global
treaty even though the model assumes that the cost of reducing emissions is the same with both
types of regime. The model provides upper and lower bounds on the number of parties under each
regime. It is shown that a system with two agreements can Pareto-dominate a regime based on a
global treaty. Thus, regional cooperation might be a good alternative to global IEAs for
environmental problems like climate change.
The paper is organized as follows. Section 2 provides background information and reviews the
existing literature on the conditions for an effective global IEA. Section 3 compares the conditions
for a single global treaty to the conditions for two regional agreements in a simple dynamic model.
Finally, Section 4 offers a summary and a discussion of the main results.

2. Background and literature review
There are IEAs designed to provide pure public goods on a global scale. For example, this is the
case for the Kyoto protocol. Each country’s emissions of greenhouse gases add to the world’s
atmospheric stock and a single country’s efforts to control emissions will beneﬁt all countries in a
non-exclusive and non-rival manner. All parties thus have an incentive to free ride on other
countries’ efforts to reduce greenhouse gas emissions.
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There are two types of incentive for free riding: the incentive for a country to not sign the
agreement and thus beneﬁt from the signatories’ abatement efforts; and the incentive for a
signatory to not comply with commitments made in an agreement. Because of these free-rider
incentives, there will generally be suboptimal equilibrium coalition structures in global pollution
control [22].
There is a considerable body of literature addressing under-provision of global international
pollution control.1 An important focus of this literature is the conditions leading to the formation
of multilateral agreements or coalitions. Such agreements must be self-enforcing since there is no
supranational authority to enforce compliance (e.g., [3,7]).
Models of international environmental cooperation differ with respect to the speciﬁcation of
the utility functions of governments and the stability concept they employ. However, they can
roughly be divided into two groups — reduced-stage game models and dynamic game models [22].
Reduced-stage game models depict coalition formation as a two-stage game. In the ﬁrst stage,
countries decide on coalition formation. In the second stage, they choose abatement levels and
how the gains from cooperation will be distributed (e.g., [18,14,23]).2 A number of reduced-stage
models have addressed the possibility of giving countries the freedom to negotiate more than one
climate agreement [10–12,17]. A two-stage coalition game is used to show that when more than
one coalition is possible, the equilibrium coalition structure that endogenously emerges from the
negotiation process is characterized by several coalitions. It has also been shown that social
welfare can be higher with multiple agreements than with a single global accord [12].
Dynamic game models typically assume an inﬁnitely repeated game where governments agree
on a contract in the ﬁrst stage that has to be enforced in subsequent stages through credible
threats (e.g., [3,5,7]).3 The main problem analyzed by these models is that a country can — at least
temporarily — achieve net gains by free riding or by joining a smaller coalition.
The literature on dynamic game models emphasizes that, to be effective, a treaty needs to
specify a strategy that can enforce compliance. This entails that it must be in the (individual) best
interest of each party to act in accordance with this strategy. Furthermore, such an equilibrium
agreement must be renegotiation-proof. In particular, it must be in the (collective) best interest of
other countries to insist that a non-compliant country be punished before cooperation can be
resumed [5,7,22]. Main results from dynamic game models include that the allocation of
abatement burdens crucially affects the success of international environmental agreements, that a
grand coalition is unlikely to form, and that a sub-coalition may achieve more for its members
than the grand coalition.
Barrett [6] uses a repeated game framework to demonstrate that a global treaty can be
broadened to incorporate all countries (a consensus treaty), but at the cost of limiting
the per-country level (the ‘depth’) of cooperation.4 Below we show that regional agreements can
enhance participation even without limiting the depth of cooperation. Our model largely follows
Barrett [5], using Farrell and Maskin’s [19] weak renegotiation-proof equilibrium as solution
1

Notable examples are [3,5,7,13,14,23,24].
For overviews of the coalition literature, see [10,20].
3
Note that it is generally easier to sustain cooperation in inﬁnitely repeated games than in ﬁnitely repeated games.
4
Finus and Rundshagen [21] generalize Barrett’s [3] model by introducing non-linear (quadratic) cost and beneﬁt
functions. In an appendix to this paper we consider how the impact of a regime based on regional agreements is
inﬂuenced by introducing non-linear beneﬁt functions.
2
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concept.5 The results support the conclusions reached by Carraro and others (e.g., [11,12,17])
using a reduced-stage game framework.
3. A simple dynamic model of regional climate agreements
Consider a world containing N countries and consisting of two regions (A and B). Both the
countries and the regions are identical in all relevant characteristics. Assume that there are two
options for an international regime to reduce emissions of greenhouse gases. Option 1 is a global
agreement on emissions reductions and option 2 is a regime consisting of two separate
agreements, one for each region.6 We assume that, regardless of which regime is chosen, each
country can choose between complying at cost c leading to a ﬁxed reduction in emissions, and not
complying.
In every period of the game, each country must choose to cooperate (i.e., reduce emissions) or to
defect (not reduce emissions). Following [5], in the case of a global agreement where there are k
participating countries and N  k non-participating countries, the periodic payoff of each of the k
countries playing cooperate is
dk  c ,
where d is a constant (d40), while each of the N  k countries playing defect receives
bk ,
where b is another constant (b40). Similarly, with two regional agreements, the payoffs are
d  ðkA þ kB Þ  c and b  ðkA þ kB Þ
for the kA and kB countries playing cooperate in regions A and B and the N  kA  kB countries
playing defect, respectively. Hence, the payoff obtained by each country if it chooses cooperate
(defect) is a linear function of the total number of countries that cooperates. In an appendix we
show how our analysis can be extended to the case where there are decreasing returns from
cooperation. Like Barrett [5, p. 527] we assume that dXb. Throughout, the analysis handles the
general case where dXb, except in Section 3.3 where the restriction d ¼ b is invoked. We also
assume that bðN  1Þ4dN  c40, meaning that full participation is not a Nash equilibrium of
the stage game, and that full participation Pareto-dominates no participation. From the
assumptions that dXb and bðN  1Þ4dN  c it follows that,
for all k 2 f1; :::; Ng; bðk  1Þ4dk  c ,

(1)

entailing that defect is dominant in the stage game; in particular, c4d. Hence, the stage game has
a unique Nash equilibrium where all countries play defect. Furthermore, from the assumption
that dN  c40, it follows that this Nash equilibrium is inefﬁcient, since all countries would gain if
they all played cooperate. These properties entail that the stage game is a special version of the Nperson Prisoners’ Dilemma. We assume throughout that all countries discount future payoffs
using a common discount factor d (0odo1).
5

Weakly renegotiation-proofness is deﬁned formally in Section 3.
Since the countries are modeled as symmetrical players, the real question addressed by the analysis is whether two
agreements are better than one. In the case of two agreements, we label them ‘‘regional’’ agreements.
6

ARTICLE IN PRESS
G.B. Asheim et al. / Journal of Environmental Economics and Management 51 (2006) 93–109

97

We assume that compliance in the global agreement is sustained by way of the ‘‘Penance’’
strategy. This strategy speciﬁes that a participating country plays cooperate except if another
participating country has been the sole deviator from Penance in the previous period, in which
case defect is played. Non-participating countries play defect after any history. Penance is closely
related to the Getting Even strategy, which is used in Barrett’s work.7 It is well known that a
global agreement based on Getting Even admits only a very limited number of parties (e.g., [5]).
In the case of two regional agreements, compliance is likewise sustained on the basis of a close
relative to Penance. This strategy — which we refer to as ‘‘Regional Penance’’ – speciﬁes that a
participating country plays cooperate except if another participating country in its own region has
been the sole deviator from Regional Penance in the previous period, in which case defect is
played. As in the case of a global treaty, non-participating countries play defect after any history.
It may be noted that if all countries use this strategy, then a deviation by a participating country in
region A will be punished by other parties in region A, but not by parties to the agreement in
region B, and vice versa. We show below that this is part of the equilibrium behavior.
Loosely formulated, an equilibrium is renegotiation-proof if the players as a group cannot ﬁnd
a better alternative [8, p. 43]. More precisely, in order to be a weakly renegotiation-proof
equilibrium (in the sense of Farrell and Maskin [19 pp. 330–331]), a strategy proﬁle must satisfy
two requirements.8
(1) The strategy proﬁle must be a subgame perfect equilibrium. Hence, every weakly
renegotiation-proof equilibrium is subgame perfect (but the converse does not hold). In any
repeated game with discounting it is necessary and sufﬁcient for a strategy proﬁle to be a
subgame perfect equilibrium that no player can gain by a one-period deviation after some
history. Hence, even though in the subsequent analysis we consider only the case where a
deviator accepts the punishment without further deviation, we are not ruling out the
possibility that a player may deviate for many periods. The point is that we need only check
one-period deviations, as it follows from the theory of repeated games with discounting [1, p.
390] that a player cannot gain by a multi-period deviation if he cannot gain by some oneperiod deviation.
(2) Since by the ﬁrst requirement the strategy proﬁle is subgame perfect, it determines after any
history a subgame perfect equilibrium — a continuation equilibrium — in the continuation of
7

The Getting Even strategy that Barrett [5, p. 530] uses ‘‘::: requires that country i play cooperate unless i has played
defect less often than any of the other players in the past ...’’, and entails that a participating country is offered a future
reward if it does not take part in the punishment of a deviating country. This feature does not seem essential, but leads
to non-trivial calculations. The Penance strategy simpliﬁes the Getting Even strategy by not letting such deviating
behavior be rewarded. Likewise, specifying punishment after multilateral deviations, while certainly a real-life
possibility, would in the model only complicate the analysis without changing the behavior along the equilibrium path.
Like Barrett we do not seek to characterize the set of weakly renegotiation-proof equilibria. However, by analyzing the
Regional Penance strategy deﬁned below we show that the set of weakly renegotiation-proof equilibria extends beyond
the kind of strategy proﬁles considered by Barrett [5]. A complete characterization of the set of weakly renegotiationproof equilibria in the model is an interesting problem that we leave for future research.
8
Various concepts of renegotiation-proof equilibrium exist in the literature (e.g., [9,19,2]; see [8] for a discussion).
When we use that term in this article we always refer to the concept of weakly renegotiation-proof equilibrium,
formalized for 2-person games by Farrell and Maskin [19], and extended to N-person games by Bergin and MacLeod [8,
Deﬁnition 3].
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the game. The second requirement is that there must not exist two continuation equilibria such
that all players are better off in one continuation equilibrium than in the other. The reason is
that if two such continuation equilibria existed, the players would renegotiate from one to the
other. In the case of Penance and Regional Penance where all punishments last only one
period, this requirement is satisﬁed if not all players strictly gain by choosing collectively to
restart cooperation at once instead of implementing the threatened punishment when a
deviation has taken place in the previous period.
In the following, we compare a global agreement to a regime based on two agreements with
respect to each of these two requirements.
3.1. The subgame perfection requirement
Consider ﬁrst the case of a global agreement. In this case there are two kinds of histories
to check. In the ﬁrst kind there is no single deviator in the previous round. Penance then
prescribes that all participating countries play cooperate. As long as all participating countries
follow this prescription, a participating country j collects a payoff of dk  c in each period,
where k is the number of parties in the global agreement. By contrast, suppose country j deviates
from Penance in period t by playing defect and reverts to Penance at time t þ 1. It then gets a
payoff of bðk  1Þ in period t. In period t þ 1 it is punished by the other players and receives d  c.
From time t þ 2 onwards cooperation is restored, meaning that country j obtains dk  c in that
and any future period. It is individually rational to stick to Penance unless country j strictly
increases its sum of discounted payoffs in periods t and t þ 1 by deviating. Formally, this
condition is satisﬁed if
ð1 þ dÞðdk  cÞXbðk  1Þ þ dðd  cÞ .
Solving for k gives:
dd  b þ c
cd
¼1þ
.
(2)
dd þ d  b
dd þ d  b
If condition (2) is fulﬁlled, then the strategy proﬁle where all countries play Penance is a Nash
equilibrium.
The second kind of histories to check is the one where a single deviation has taken place in
period t  1. It follows from the deﬁnition of Penance that one of the k  1 participating countries
that did not deviate in period t  1, say country i, would deviate from Penance in period t if it
plays cooperate. However, such a deviation leads to a loss for country i in period t since it follows
from (1) that b4d2  c. It also leads to a loss in period t þ 1 since punishment will be triggered.
Hence, it sufﬁces to check that the country that deviated in period t  1 has no incentive to deviate
from Penance again in period t by playing defect. If this country accepts the punishment and
reverts to Penance at time t, then it receives d  c in period t and dk  c in any future period. By
contrast, if it deviates for one more period before reverting to Penance, then it receives 0 at time t
and d  c at time t þ 1. Thus, it is individually rational for the deviating country to accept the
punishment at time t, provided that
kX

d  c þ dðdk  cÞX0 þ dðd  cÞ .
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Solving for k gives
dd  d þ c
cd
¼1þ
.
(3)
dd
dd
Note that ðc  dÞ=ddXðc  dÞ=ðdd þ d  bÞ since we assume that dXb and, by (1), c4d, entailing
that condition (3) implies condition (2). Hence, (3) is a sufﬁcient and necessary condition for the
strategy proﬁle where all countries play Penance to be a subgame-perfect equilibrium. This
condition places a lower bound on the number of parties needed to make an agreement
sustainable.9
Next, consider a regime with two regional agreements. Once again, there are two kinds of
histories to check in order to ensure subgame perfection. In the ﬁrst kind there is no single
deviation in (only) one of the regions in the previous period. If a participating country j in region
A deviates from Regional Penance in period t by playing defect and reverts to Regional Penance at
time t þ 1, then in period t it collects a payoff of bðkA  1 þ kB Þ, where kS is the number of parties
in the agreement for region S (S ¼ A, B). In period t þ 1, the deviating party pays penance by
being the only country in region A to play cooperate, whereas cooperation continues as before in
region B. Country j thus obtains a payoff of dð1 þ kB Þ  c. From time t þ 2 onwards cooperation
is restored, so j receives dðkA þ kB Þ  c in that and in any future period. Had country j not
deviated, it would have received dðkA þ kB Þ  c in every period. Therefore, it is individually
rational to stick to Regional Penance, provided that
kX

ð1 þ dÞðdðkA þ kB Þ  cÞXbðkA  1 þ kB Þ þ dðdð1 þ kB Þ  cÞ .

(4)

We concentrate on equilibria with the same number of parties in each of the two agreements. For
the analysis of weakly renegotiation-proof equilibria, this is without loss of generality, as reported
in footnote 10. Setting kS ¼ kA ¼ kB and solving (4) for kS gives:
kS X

dd  b þ c
c  d  ðd  bÞ
¼1þ
.
dd þ 2ðd  bÞ
dd þ 2ðd  bÞ

(5)

Condition (5) ensures that the strategy proﬁle where all countries use Regional Penance is a Nash
equilibrium.
The second kind of histories to check is the one where a single deviation has occurred in (only)
one of the two regions in the previous period. Suppose the deviation has taken place in region A in
period t  1. It follows from the deﬁnition of Regional Penance that one of the kA  1
participating countries that did not deviate in period t, say country i, would deviate from Regional
Penance in period t if it plays cooperate. However, such a deviation leads to a loss for country i in
both period t since, by (1), bð1 þ kB Þ4dð2 þ kB Þ  c, and in period t þ 1 since punishment will be
triggered. Hence, it sufﬁces to check that the country in region A that deviated in period t  1 as
well as all the kB participating countries in region B have no incentive to deviate from Regional
Penance in period t by playing defect.
Consider ﬁrst the country in region A that deviated from Regional Penance in period t  1. If
this country accepts the punishment and reverts to Regional Penance at time t, then it receives
dð1 þ kB Þ  c in period t, and dðkA þ kB Þ  c in any future period. By contrast, if it deviates also
9
This is one possible explanation why most multilateral treaties (including the Kyoto protocol) provide a clause
stating that their entry into force requires ratiﬁcation by a certain number of countries.
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at time t and reverts to Regional Penance at time t þ 1, then it receives bkB at time t and
dð1 þ kB Þ  c at time t þ 1, before cooperation is restored. Hence, it is individually rational for the
deviating country to accept the punishment at time t, provided that
dð1 þ kB Þ  c þ dðdðkA þ kB Þ  cÞXbkB þ dðdð1 þ kB Þ  cÞ .

(6)

Setting kS ¼ kA ¼ kB and solving for kS gives
kS X

dd  d þ c
c  d  ðd  bÞ
¼1þ
.
dd þ d  b
dd þ d  b

(7)

Turn now to the kB participating countries in region B, given that a deviation in region A has
occurred in period t  1. If all countries use Regional Penance from period t, then a participating
country j in region B receives dð1 þ kB Þ  c in period t, and dðkA þ kB Þ  c in period t þ 1. By
contrast, if country j deviates from Regional Penance in period t by playing defect and reverts to
Regional Penance at time t þ 1, then it receives bð1 þ kB  1Þ at time t and dðkA þ 1Þ  c at time
t þ 1. In either case, cooperation is reestablished in both regions in period t þ 2. Thus, country j
has no incentive to deviate from Regional Penance if
dð1 þ kB Þ  c þ dðdðkA þ kB Þ  cÞXbkB þ dðdðkA þ 1Þ  cÞ .
Setting kS ¼ kA ¼ kB and solving for kS yields (7).
Note that ðc  d  ðd  bÞÞ=ðdd þ d  bÞXðc  d  ðd  bÞÞ=ðdd þ 2ðd  bÞÞ since we assume
that dXb and, by (1), b4d2  c, entailing that condition (7) implies condition (5). Hence, (7) is a
sufﬁcient and necessary condition for the strategy proﬁle where all countries play Regional
Penance to be a subgame-perfect equilibrium. This condition places a lower bound on the number
of parties in a regime based on two agreements.
3.2. The renegotiation-proofness requirement
The requirement of renegotiation-proofness is satisﬁed in the present setting if not all players
strictly gain by choosing collectively to restart cooperation at once instead of implementing the
threatened punishment when a deviation has taken place in the previous period. Hence, at least one
country must be at least as well off with punishment as with renegotiation. It is not necessary that all
countries but the one being punished are at least as well off with punishment as with renegotiation.
Consider the global agreement, and assume that a participating country j deviates in period
t  1. Punishment implies that all participating countries but the deviator switch from playing
cooperate to playing defect. This implies that not only the deviator, but all non-participating
countries are worse off with punishment than with renegotiation. Weak renegotiation-proofness
thus requires that the punishing participating countries are at least as well off with punishment as
with renegotiation, because otherwise all countries would gain by restarting cooperation at once.
If the punishment is carried out in accordance with Penance, then each of the punishing
participating countries receives a payoff of b in period t. By contrast, if cooperation is restarted
immediately, then each of them receives dk  c in period t. In either case, each participating
country receives dk  c in every future period, so only period t needs to be considered. Therefore,
weak renegotiation-proofness requires that
bXdk  c ,
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which can be restated as
bþc
.
(8)
d
Thus, weak renegotiation proofness requires that the number of participating countries not be too
large. The intuition behind this result is that, other things being equal, a larger number of
participating countries increases the payoff associated with cooperation. A large number of
participating countries thus makes renegotiation attractive, thereby undermining the (collective)
incentive to punish a deviation.
Next, consider regional agreements. Assume that country j is a party to the agreement in region
A, and that this country has defected in period t  1. If the punishment is carried out in
accordance with Regional Penance, then each of the punishing participating countries in region A
receives bð1 þ kB Þ in period t. By contrast, if cooperation is restarted at once, each of them
receives dðkA þ kB Þ  c in period t. Thus, weak renegotiation-proofness requires that
kp

bð1 þ kB ÞXdðkA þ kB Þ  c .
With the same participation in both regions, this condition reduces to
kS p

bþc
.
2d  b

(9)

3.3. Summary of main results with numerical illustrations
While if follows from conditions (3) and (7) that the subgame perfection requirement places a
lower bound on the number of participating countries, by conditions (8) and (9) the renegotiationproofness requirement places an upper bound on this number. Combining the subgame perfection
and renegotiation proofness requirements, we ﬁnd that a global treaty modeled by the Penance
strategy proﬁle must satisfy
dd  d þ c
bþc
pkp
.
(10)
dd
d
It follows from condition (10) that the strategy proﬁle where all countries play Penance is a weakly
renegotiation-proof equilibrium for some d close (but not equal) to 1 if and only if
c
b c
okp þ .
(11)
d
d d
Because dXb, there is at most one integer kn satisfying (11). Hence, whenever a global agreement
exists, the number of parties is always fully determined. Moreover, as the stage game is a
Prisoners’ Dilemma, so that dN  c40, there exists a unique integer kn pN satisfying (11) if d ¼ b
(since then the right hand side of (11) becomes 1 þ c=d). This establishes that a global treaty can
always be implemented as a weakly renegotiation-proof equilibrium provided that d ¼ b and the
countries are sufﬁciently patient.
Similarly, two symmetrical regional agreements modeled by Regional Penance must satisfy
dd  d þ c
bþc
pkS p
.
dd þ d  b
2d  b

(12)
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Condition (12) implies that the strategy proﬁle where all countries play Regional Penance is a
weakly renegotiation-proof equilibrium for some d close (but not equal) to 1 if and only if
c
b
c
okS p
þ
.
2d  b
2d  b 2d  b

(13)

Because dXb, there is at most one integer knS satisfying (13). Hence, whenever a regime
based on two symmetrical regional agreements exists, the number of parties is always
fully determined. Moreover, if d ¼ b and NX2ð1 þ c=dÞ, then there exists a unique
integer knS satisfying (13) and knS þ knS pN (since with d ¼ b (13) becomes c=dokS p1 þ c=d).
Hence, with enough countries, two symmetrical agreements can always be implemented as a
weakly renegotiation-proof equilibrium provided that d ¼ b and the countries are sufﬁciently
patient.10
We thus see in both regimes that the renegotiation-proofness requirement in combination with
the subgame perfection requirement determines the number of parties, thus leaving a very narrow
set of possibilities. If kn oN in the case of a global treaty, or if knS þ knS oN in the case of two
symmetrical agreements, then there exist multiple equilibria: even though condition (11)
determines the number of participating countries in a global agreement, and condition (13) the
number of participating countries in the two regional agreements, neither condition determines
which countries participate.
It follows from conditions (10) and (12) that, for d ¼ b, the lower and upper bounds on each
regional agreement are identical to the corresponding bounds on the global agreement. In this
case the number of participating countries required and admitted by the regional agreements
regime is twice that of a global agreement. To illustrate, assume that d ¼ 0:95, c ¼ 8, and
d ¼ b ¼ 1. We then ﬁnd that a global regime requires at least nine participating countries. At the
same time, it admits a maximum of nine countries as well. With two agreements, by contrast, the
minimum and maximum number of parties is nine in each region, meaning that the total number
of participating countries is 18.
If d4b, then the difference between the two types of regime can be smaller. For example, if
d ¼ 0:95, c ¼ 8, d ¼ 1:25, and b ¼ 1, then the minimum and maximum number of parties with
regional agreements becomes 12 (six in each region). By contrast, with a global agreement the
minimum and maximum number of parties is seven.

10
If we had done the analysis without setting kS ¼ kA ¼ kB , then, instead of (13), the following inequalities would
have been necessary conditions:

c  ðd  bÞkB
b c  ðd  bÞkB
okA p þ
,
d
d
d

(14)

c  ðd  bÞkA
b c  ðd  bÞkA
okB p þ
.
(15)
d
d
d
However, the right inequality of (14) contradicts the left inequality of (15) if kA 4kB (and vice versa if kA okB ). It
follows that two asymmetric agreements cannot be implemented as a weakly renegotiation-proof equilibrium. This
means that we can set kS ¼ kA ¼ kB without loss of generality.
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3.4. Regional agreements and Pareto dominance
The model analyzed in this paper suggests that a regime based on regional agreements can be
beneﬁcial to all countries. A global agreement with kn participating countries is (strongly) Pareto
dominated by a situation where participation is extended to n countries (where kn onpN) if this
makes every country better off. It follows immediately that the kn countries that play cooperate
both before and after such an enlargement gain by increased participation. The same is true for
the N  n countries that play defect both before and after the enlargement. The reason is simply
that, from the point of view of these countries, the enlargement increases the number of other
countries that play cooperate. The question is therefore whether the n  kn countries that switch
from defect (and receiving a periodic payoff of bkn ) to cooperate (and obtaining dn  c) gain by
doing so. Hence, a global treaty with kn participating countries is Pareto dominated by an
enlargement to n members if
dn  c4bkn .
Below we compare the following two situations,
 a global regime where kn countries cooperate,
 a regional regime where knA 41 countries form a new agreement in region A, and the knB ¼ kn
members of the global agreement constitute another agreement in region B,
and show that the former is always Pareto dominated by the latter.
As argued above, the knB countries in region B included as parties under both regimes,
as well as the N  knA  knB countries that are non-parties in both cases, prefer the regional
regime. Hence, the real test is whether the regional regime is acceptable to the knA members
of the additional agreement, i.e., to countries that are allowed to free ride in the ﬁrst situation,
but required to cooperate in the second. With a global agreement, each of these countries
receives a periodic payoff of bkn . With two regional agreements, each of them obtains
dðknA þ knB Þ  c. Hence, if
dðknA þ knB Þ  c4bkn ,

(16)

then each of these countries is better off being a party to the new regional agreement
than as a free rider on a global agreement. It follows that, if condition (16) is fulﬁlled,
a regime based on regional agreements Pareto dominates a global agreement. We show
below, through a verbal argument and an analytical demonstration, that this condition is always
fulﬁlled.
For a verbal argument, recall that it is feasible for any participating country j in the additional
agreement in region A to choose a perpetual deviation by always playing defect. If country j starts
playing defect in period t, then all other countries in region A will also play defect from period
t þ 1, thereby effectively terminating the additional agreement. Such a perpetual deviation by
country j from the agreement in region A would give country j a higher payoff than it would
obtain with the global agreement, since it beneﬁts from the cooperation of the knA  1 other
countries in region A in period t, and from the cooperation of the knB ¼ kn participating countries
in region B in all periods. However, it follows from the subgame perfection requirement that such
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a deviation is not proﬁtable, implying that a perpetual play of cooperate in the new agreement in
region A is even more advantageous. Hence, whenever the subgame perfection requirement is
fulﬁlled, a single global agreement is Pareto dominated by a regional regime where a new regional
agreement is introduced.
For an analytical demonstration, multiplying (4) by 1  d and rearranging terms gives

dðknA þ knB Þ  cXð1  dÞbðknA  1 þ knB Þ þ ð1  dÞd dð1 þ knB Þ  c

þ d2 dðknA þ knB Þ  c .
ð17Þ
By rearranging (6), we get


ð1  dÞ dð1 þ knB Þ  c þ d dðknA þ knB Þ  c XbknB .

(18)

Combining inequalities (17) and (18) yields
dðknA þ knB Þ  cXð1  dÞbðknA  1 þ knB Þ þ dbknB ,
which can be rewritten as
dðknA þ knB Þ  cXbknB þ ð1  dÞbðknA  1Þ .
Condition (16) follows with strict inequality since knB ¼ kn , knA 41, and do1. Hence, even the
participating countries in region A strictly gain by forming the additional agreement.

4. Summary and discussion
This paper has used a simple dynamic game-theoretic model to analyze how a regime based on
two agreements would affect the prospects for international environmental cooperation. A main
ﬁnding is that two treaties are able to encompass a larger number of parties than a single global
treaty, assuming that the cost of cooperation is the same with both types of regime, and that all
countries are identical in all relevant characteristics. We have also shown that a system with two
agreements can Pareto dominate a regime based on a global treaty. These results support the
ﬁndings of previous research by Carraro and others (e.g., [11,12,17]) using a reduced-stage game
framework.
We end this paper by commenting brieﬂy on three issues that relate to the analysis in Section 3.
First, while the model analyzed in this paper includes only two regions, one might reasonably ask
why one should stop there. Why not design a regime with an even larger number of agreements?
This idea certainly cannot be dismissed on the basis of the above model. We have seen, however,
that each regional agreement requires a certain minimum number of parties. Hence, with a ﬁxed
number of countries to select from there is an upper limit to the number of agreements that can be
sustained in equilibrium.
Second, an important driving force in Barrett’s [5] model of a global treaty, as well as
in our model of regional cooperation, is the way in which the agreement(s) are enforced.
The maximum number of signatories is very limited in Barrett’s model because a single
violation triggers punishment by all other parties. This drives the number of participating
countries down via the renegotiation-proofness requirement. The reason is that for each
participating country the payoff obtained when all participating countries play cooperate must

ARTICLE IN PRESS
G.B. Asheim et al. / Journal of Environmental Economics and Management 51 (2006) 93–109

105

not exceed the payoff of playing defect when only the country being punished plays
cooperate. Because d40, this requirement can only be satisﬁed if (very) few countries
participate. If not all participating countries punish a deviator, then more countries
will cooperate in the punishment phase. This means that, in contrast to Barrett’s model,
the renegotiation proofness requirement becomes less strict and admits a larger number
of participating countries. Regional cooperation means that only some of the
participating countries punish a deviator: even if a violation in region A is punished by all
parties to the agreement for region A, cooperation in region B continues undisturbed. It is this
feature that allows the number of participating countries to become larger with a regime based on
regional agreements.
Finally, in addition to the regional agreements approach highlighted in this paper, there
are also other avenues for broadening the number of parties that can be sustained in
weakly renegotiation-proof equilibrium. For example, the maximum number of parties
in a global agreement might be increased by designing an enforcement scheme whereby a
single defection triggers punishment only by a subset of the other parties.11 Indeed, even a
global agreement could — in principle — be enforced regionally, so the effects analyzed
here could also be achieved within the setting of a global agreement. However, it seems
rather implausible that a system of regional enforcement would be adopted except as part
of a regime based on regional agreements. Moreover, informal arguments suggest that a
regime based on regional agreements is likely to have other advantages as well. Countries
that are in close geographic proximity also tend to be culturally close, have similar economic
and political systems, and therefore have similar preferences.12 These factors might
reduce uncertainty, enhance trust, and reduce negotiation costs. Countries may thus not only
be more likely to comply with a regional agreement, but also more inclined to join a regional
agreement in the ﬁrst place. This further strengthens the conclusions of the formal analysis in
Section 3, where there are no cultural, economic, or political ties between any subsets of countries.
Thus, regional cooperation might be a good alternative — or supplement — to global IEAs like
the Kyoto Protocol.
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In fact, in the appendix to [5] this type of regime is examined, but rejected on the grounds that it fails to be strongly
collectively rational.
12
Of course, this is not always the case. In the Middle East, for instance, some neighboring countries obviously have
very different preferences on certain issues.
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Appendix A. Decreasing returns from cooperation
Throughout this paper, it has been assumed that the utility obtained by each country if it
chooses to cooperate (defect) is a linear function of the total number of countries that cooperate.
What happens if there are decreasing returns from cooperation?
Let f ðkÞ denote the gain accruing to each country if k is the total number of countries
cooperating, when compared to the situation where no country cooperates. Hence, in a global
agreement, the payoff of each of the k countries playing cooperate is
f ðkÞ  c ,
while each of the N  k countries playing defect receives
f ðkÞ .
Likewise, with two regional agreements, the payoffs are
f ðkA þ kB Þ  c and f ðkA þ kB Þ
for the kA and kB countries playing cooperate in regions A and B and the N  kA  kB countries
playing defect, respectively. This means that the setting of the main text is generalized by not
imposing a linear relationship between the gains from cooperation and the number of cooperating
countries. On the other hand, the gain accruing to a country depends now only on the total
number of cooperating countries, not also on whether the country itself plays cooperate (as in the
main text when d4b).
The function f ðÞ is assumed to satisfy
f ð0Þ ¼ 0 and for all kX1; 0of ðk þ 1Þ  f ðkÞpf ðkÞ  f ðk  1Þ ,

(A.1)

meaning that the gain from an additional country cooperating is a non increasing function of the
number of countries cooperating. We refer to this as non-increasing returns from cooperation. If
d ¼ b, then the analysis of the main text is the special case where f ðkÞ ¼ dk ¼ bk. Moreover,
consider the following assumptions:
f ð1Þoc ,

ðA:2Þ

f ðNÞ  f ð1Þ4c ,
There exists an even integer N pN s:t: f ðN Þ  f ð1 þ N =2Þ4c .
n

n

n

ðA:3Þ
ðA:4Þ

It is straightforward to check that (A.1)–(A.3) ensure that the stage game is a Prisoners’ Dilemma,
while (A.1) and (A.4) imply (A.3).
Assume (A.1)–(A.3). Consider a global treaty based on Penance with k participating
countries. It follows from the corresponding analysis in the main text that subgame perfection
requires that
f ðk  1Þ  f ðkÞ þ cpdð f ðkÞ  f ð1ÞÞ and  f ð1Þ þ cpdð f ðkÞ  f ð1ÞÞ ,
where, by (A.1), the ﬁrst inequality implies the second one. Hence, if
2f ðkÞ  f ðk  1Þ4f ð1Þ þ c ,

(A.5)

there exists do1 such that the strategy proﬁle where all countries play Penance is a subgame
perfect equilibrium. On the other hand, for this strategy proﬁle to be a weakly renegotiation-proof

ARTICLE IN PRESS
G.B. Asheim et al. / Journal of Environmental Economics and Management 51 (2006) 93–109

107

equilibrium, it must also hold that f ð1ÞXf ðkÞ  c, or equivalently,
f ðkÞpf ð1Þ þ c .

(A.6)
n

To see that there exists some k satisfying both (A.5) and (A.6), note that (A.3) implies that
f ðk þ 1Þpf ð1Þ þ c for k ¼ 0 and f ðk þ 1Þ4f ð1Þ þ c for k ¼ N  1. Let kn be the smallest integer
satisfying f ðkn þ 1Þ4f ð1Þ þ c, entailing that (A.6) is satisﬁed for k ¼ kn . It follows that (A.5) is
also satisﬁed for k ¼ kn since, by (A.1),
2f ðkn Þ  f ðkn  1ÞXf ðkn þ 1Þ .
Furthermore, since f ðkÞ is strictly increasing, we have that kn determined in this way is the largest
k for which (A.5) and (A.6) are satisﬁed.
Assume now the stronger set of assumptions (A.1), (A.2), and (A.4). In Regional Penance with
kS participating countries in each agreement, it follows from the corresponding analysis in the
main text that subgame perfection requires that
f ð2kS  1Þ  f ð2kS Þ þ cpdð f ð2kS Þ  f ð1 þ kS ÞÞ and
f ðkS Þ  f ðkS þ 1Þ þ cpdð f ð2kS Þ  f ð1 þ kS ÞÞ ,
where, by (A.1), the ﬁrst inequality implies the second one. Hence, if
2f ð2kS Þ  f ð2kS  1Þ4f ð1 þ kS Þ þ c ,

(A.7)

there exists do1 such that the strategy proﬁle where all countries play Regional Penance is a
subgame perfect equilibrium. On the other hand, for this strategy proﬁle to be a weakly
renegotiation-proof equilibrium, it must also hold that f ð1 þ kS ÞXf ð2kS Þ  c, or equivalently,
f ð2kS Þpf ð1 þ kS Þ þ c .

(A.8)
n

To see that there exists some kS satisfying both (A.7) and (A.8), note that (A.1) and
(A.4) imply that, if 0okB pN n =2, then f ðkA þ 1 þ kB Þpf ð1 þ kB Þ þ c for kA ¼ 0 and f ðkA þ 1 þ
kB Þ4f ð1 þ kB Þ þ c for kA ¼ N n =2  1. Let kðkB Þ be the smallest integer satisfying
f ðkðkB Þ þ 1 þ kB Þ4f ð1 þ kB Þ þ c, entailing that
f ðkðkB Þ þ kB Þpf ð1 þ kB Þ þ c .

(A.9)

It follows that
2f ðkðkB Þ þ kB Þ  f ðkðkB Þ  1 þ kB Þ4f ð1 þ kB Þ þ c

(A.10)

also holds since 2f ðkðkB Þ þ kB Þ  f ðkðkB Þ  1 þ kB ÞXf ðkðkB Þ þ 1 þ kB Þ by (A.1). By (A.1) and the
deﬁnition of kðÞ we have that
0okðkB ÞpkðkB þ 1ÞoN n =2 if 0pkB pN n =2  1 .
0

1

2

0

(A.11)
n

Consider the sequence fk ; k ; k ; :::g deﬁned by k ¼ 0 and, for all nX1, k ¼ kðk
fk0 ; k1 ; k2 ; :::g is a non-decreasing sequence that converges to knS satisfying
0oknS ¼ kðknS ÞoN n =2 .

n1

Þ. By (A.10),
(A.12)

Now, (A.9), (A.10), and (A.12) imply that (A.7) and (A.8) are satisﬁed for kS ¼ knS .
To compare the maximum number of participating countries in a single global agreement vs.
two regional agreements, assume (A.1), (A.2), and (A.4) (which, as noted above, imply (A.3)). It
follows from the deﬁnition of kðÞ that the maximum number of participating countries under a
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global agreement is given by kn ¼ kð0Þ, while the regional agreements regime admits knS ¼ kðknS Þ
participating countries in each region. Since, by (A.11), kn ¼ kð0ÞpknS ¼ kðknS Þ, we reach the
conclusion that two regional agreements allow for at least twice as many participating countries as
compared to a single global agreement, when there are non-increasing gains from cooperation.
The intuition for this ﬁnding is as follows. With decreasing gains from cooperation, the
temptation for a given number of punishing countries to restart cooperation at once after a
deviation has occurred, is smaller if cooperation continues unaffected in a separate regional
agreement. Therefore, participation in each of two regional agreements can be strictly larger than
the maximal participation in a single global agreement.
A numerical example can be used to illustrate this
p possibility. It can be checked that (A.1),
(A.2), and (A.4) are satisﬁed with c ¼ 1:01, f ðkÞ ¼ k, and N ¼ 18. Then k ¼ 4 is the largest
number of participating countries satisfying (A.5) and (A.6), while the sequence fk0 ; k1 ; k2 ; :::g,
deﬁned by k0 ¼ 0 and, for all nX1, kn ¼ kðkn  1Þ, equals f0; 4; 6; 7; 7; :::g. Hence, (A.7) and (A.8)
are satisﬁed with kS ¼ 7 countries in each of the two regional agreements. Actually, kS ¼ 8 is the
largest number of participating countries satisfying (A.7) and (A.8); hence, our algorithm in the
case of Regional Penance does not necessarily converge to the maximum number of participating
countries, but sufﬁces to show that maximum total participation at least doubles when moving
from a single global treaty to two regional agreements.
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