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1 Introduction

The provision of international public goods, such as financial stability, international
security or environmental protection, has been one of the most salient issues in interna-
tional negotiations over the past decades. International public goods have the property
that all countries benefit from aggregate provisions, while the costs are only carried
by those actually providing. For instance, a country’s provision of military forces to
a peace keeping mission also benefits countries that do not participate in the mission.
Or, if some countries invest in clean technology and enforce strict regulations with
respect to greenhouse gas emissions, all countries benefit from reduced pollution on a

global scale while only those countries investing in emission reduction pay the costs.

The potential divergence between those who carry the costs for provision and those
who benefit is prevalent in public goods problems. It leads to a strong incentive to
free-ride on others’ contributions, and typically induces underprovision and significant
welfare losses. While on a national scale governments might be able to coerce cooper-
ation on certain issues through specific policies, the sovereignty of nations makes this
impossible on an international scale. The only way to limit inefficiencies resulting from
free riding incentives in international public goods provision is therefore the formation

of self-enforcing agreements.



A prominent example of such a self-enforcing agreement can be seen in the Mon-
treal Protocol on Substances that Deplete the Ozone Layer. It was first signed in 1987
and has since experienced a steady increase in membership as well as good compli-
ance rates. On the contrary, negotiations on climate change abatement have proven
quite difficult. With the United Nations Framework Convention on Climate Change,
negotiations on greenhouse gas abatement received a baseline structure in 1992. Five
years later, the Kyoto Protocol was adopted in an effort to restrict greenhouse gas
emissions in developed countries. However, compliance rates with the Kyoto Protocol
have been low, and finding a follow up agreement which includes a common standard

of greenhouse gas abatement for all countries has proven difficult.

In this paper, we analyze the impact heterogeneity in underlying country characteris-
tics has on the possibility of finding a provision standard for international public goods.
In doing so, we focus on differences in provision costs, endowment and valuation of the
public good. We commence with an analysis of the direct influence of heterogeneity
on negotiation outcomes. Subsequently, we take the analysis a step further in focusing
on the role the political process plays in shaping the way negotiation outcomes are

influenced by heterogeneity.

First, we consider the influences of heterogeneity in either the provision costs or the
valuation of the public good on negotiation outcomes. We observe that a player with
higher costs or a lower valuation is less likely to join an agreement. Using this observa-
tion, we can show that an increase in cost or valuation heterogeneity makes agreement
formation more difficult. We furthermore derive results on the effects of level changes
that impact all players. A shift towards lower costs due to the introduction of new
technologies leads to a decreased incentive for a high cost player to participate, that
is, it makes coalition formation more difficult. A shift towards higher valuation due to,
for instance, new information about the relevance of the public good has an equivalent

impact on coalition formation.

Second, we look at the impact of endowment heterogeneity on negotiation outcomes.
We show that countries with large endowments are more willing to participate in ne-
gotiations. Based on this reasoning we argue that a shift towards higher endowments
leads coalition formation to be easier. Subsequently, we look at the way endowment
heterogeneity interacts with cost and valuation heterogeneity. Introducing endowment

heterogeneity in addition to cost heterogeneity might induce a high cost country to be



more willing to participate if endowments and costs are positively correlated. Equiv-
alently, a negative correlation between endowment and valuation can induce a low

valuation country to be more likely to join.

Third, we consider the role the political process plays in shaping the way hetero-
geneity influences negotiation outcomes. As Stavins (2011) points out, difficulties in
the formation of international agreements seem to be less induced by economical and
technological feasibility questions, but rather appear to be due to political coordination
problems. We therefore move beyond extending work on International Environmental
Agreements by explicitly modeling the voting procedure. In our baseline model, we
assume that decisions are made by majority rule, but we also consider voting rules
with different distributions of political power; specifically, we compare outcomes under
majority rule with weighted or unweighted voting to dictator rule results, and analyze
the way the distribution of political power interacts with changes in cost and valuation
heterogeneity. Among other things, we can show that the negative impact (on the
possibility of agreement formation) that follows from an increase in heterogeneity is
reduced if political power is more concentrated in the hands of some countries, while

it is aggravated if power is concentrated in the hands of other countries.

Our work builds on, and draws together, three different strands of literature. First, the
literature on public provision of public goods is relevant to our work. Public provision
of public goods refers to the formation of agreements to provide public goods. A paper
which considers the formation of such agreements is Kosfeld et al. (2009). Kosfeld et
al. consider heterogeneity with respect to preferences. However, they do not analyze

endowment or cost heterogeneity and assume a fairly simplified political process.

Second, our work builds on the literature on union formation in the context of fed-
eralism and the development of new political confederations, such as the recent work
of Alesina et al. (2005). While Alesina et al. consider a setting with heterogeneity and
explicitly analyze the political process, our model differs from theirs in (among other
things) the assumptions about spillovers between coalition members and non-members;
they focus on a scenario without such spillovers, while we consider it a crucial compo-
nent of the settings we analyze. Other related papers in this strand of literature are
Cremer and Palfrey (1999, 2006) and Hafer and Landa (2007).

A third basis of our model is constituted by the literature on self-enforcing inter-



national environmental agreements, which originated in the 1990s with the seminal
contributions by Carraro and Siniscalco (1993) and Barrett (1994). Since, scholars in
the field have looked at numerous ways of how to enhance participation and contri-
bution incentives. However, most of this work has been dealing with homogeneous
agents. Barrett (1997) is one of the first to consider heterogeneity. He looks at how
benefits from cooperation can be divided between countries in a coalition and mostly
uses simulations to derive results. Botteon and Carraro (2001) and Mc Ginty (2006)
extend his framework to a larger number of countries, but also have to use simulations
to derive results. Kolstad (2010) is one of the first to present a tractable model of
agreement formation under heterogeneity. However, he limits heterogeneity to size and

marginal damage and considers only two different types of countries.

We add to these strands of literature by incorporating a more general approach to het-
erogeneity and a more refined political process while considering a pure public good,
that is, while allowing for spillovers between coalition members and non-members. We
present an N-country game theoretic model of agreement formation, specifically allow-
ing for heterogeneity over provision costs, endowment, valuation of the public good,

and the distribution of political power.

2 The Model

There exist N > 2 countries which we, in slight abuse of notation, label : = 1, ..., N.
A country i’s preferences with respect to the provision of a public good are given by

the following Cobb-Douglas function:

N
Ui = ln ( ( )g > + a; In ( E gj> - K 1{gi>0} + B 1{coalitionmember}
j=1

n;

where w; is endowment, ¢; are costs, a; is valuation, n; is the number of citizens in
country 7, and g; is a country’s contribution. The first term of the expression denotes
the utility received from private consumption, that is, from the part of the endow-
ment that is not invested in the public good. The second part of the expression is
the utility received from the aggregate amount provided, weighted by the respective
country’s valuation for the good. We furthermore assume that there may be additional
fixed costs and benefits associated with provision and coalition membership. K is a
fixed cost that arises if a country provides a positive amount to the public good, ei-

ther on its own or in a coalition. This fixed cost may, for instance, capture the need



for technological investements or other start-up costs associated with provision. B is
an exogenous benefit from being in a coalition. This benefit may, for instance, pick
up non-modelled favorable treatment for coalition member by other insiders in other
policy areas such as additional trade. It may also capture a desire by countries, or
more specifically country leaders, to be held in regard by other countries, to do what is
perceived to be the morally correct thing, or simply to not stand out in a negative way
on the international stage. We make no attempt to distinguish between these possible
intrinsic benefits of coalition membership, but simply represent their joint effect with

one parameter, B.

In order to analyze how an agreement for the provision of such a public good might
form, we introduce a three stage setup. In the first stage, countries decide simultane-
ously and independently whether they wish to enter negotiations over their contribution
to a public good. If at least three countries enter, they become participants of nego-
tiations which subsequently take place in the second stage. Participants vote on a
common fraction ¢ € [0,1] of endowment they wish to contribute'. In our baseline
model decisions are made by majority rule. Countries vote in favor if they are indif-
ferent between forming an agreement or not. Participants of negotiations cannot leave
during the second stage and non-participants cannot enter. If an agreement forms the
participants of negotiations turn into members of the agreement. In the third stage
countries contribute depending on whether an agreement formed and, if so, depending
on whether they are members of that agreement. Countries adhere to the contributions

they agreed to during negotiations.

We assume that K is such that countries have no incentive to provide if they are
not members of a coalition. To be more precise, we first define U as the utility
achieved by player ¢ when no one is providing: U = ln(;‘:—;).We then define U as
the utlity achieved by player i when it alone provides and does so in an optimal way
without taking K into consideration; that is, U = In (M) + a;1In (g¢), where

g = argmax,, {ln (%) +a;In (gz)} . Using these definition, we make the fol-

lowing assumption about K:

! An alternative approach could be to allow for different fractions of endowment being contributed by
different countries. However, we will follow Barrett (1992) who suggests that a uniform percentage
reduction of abatement can be seen as a focal point in climate negotiations. We thus limit our

analysis to agreements on a common fraction ¢ of endowment.



K > max{U} — U, ..., Uy — UX’}

Now, note that the utility increase the player with the greatest incentives to provide
can achieve by providing is largest when no one else is providing. Hence, if that player
has no incentive to provide in this setting it also has no incentive to provide in any
other setting. This assumption thus implies that any player outside of a coalition will

not choose to provide a positive amount of the public good.

The three stage setup we employ matches the agreement formation process outlined
in most of the literature on international environmental agreements (Wagner 2001)
and international public goods provision (Kosfeld et al. 2009). However, we introduce
an explicit voting procedure and thereby add more detail to the political process de-
scribed in the second stage. This helps us to analyze the impact of heterogeneity in
costs, endowments and valuation on agreement formation and the way this underlying

heterogeneity interacts with the political structure.

3 Homogeneous countries

We start by considering the case of homogeneous countries, that is, we assume all
countries to have equal cost, endowment and valuation. If a coalition forms, it provides
according to all countries’ optimal provision amount. This follows because all voting
participants have the same optimal £, so there is no disagreement and the agreed upon ¢
trivially equals all countries’ optimal . As endowments are assumed to be the same for
all countries, also the actual optimal provision amount is the same across all countries.
We now look at how many countries can form a coalition, such that this coalition is
stable.

Proposition 1. If all countries are homogeneous and B — K is not too small, there

exists a unique number of countries that can form a stable coalition, defined by S >

S*> 8.

There exists an upper bound S on internal stability, that is, an upper bound on the
area for which no country in a coalition would have an incentive to leave the coalition.
At the same time, there exists a lower bound S on external stability, that is, a lower
bound on the number of countries in a coalition for which no non-member would have
an incentive to join. These bounds coincide in the sense that the smallest integer ful-
filling S > S is at the same time the largest integer fulfilling S < S. Thus, S > S* > S



defines the unique stable coalition size.

The bounds S and S are independent of costs and endowment, but depend on the
valuation of the respective public good and on the additional benefit B received if be-
ing in a coalition. If B — K is larger, the stable coalition size is larger. Both boundaries
are increasing in a, that is, the higher the good is valued the more countries can form

a stable coalition in equilibrium.

A special case of this proposition is the formation of a grand coalition, that is, a
coalition including all countries. A grand coalition forms if the number of countries is
lower than the upper bound for internal stability, that is N < S. In that case all coun-
tries prefer participating in a coalition over not doing so and a coalition with S = N

forms.

Corollary 1. If N < S and B — K not too small, a grand coalition with S = N forms.

4 Heterogeneous countries

4.1 Cost heterogeneity

We now introduce heterogeneity over costs. Countries might differ with respect to their
costs of provision. That is, while one country might be able to reach some provision
amount fairly easily given the production technology it uses, the same provision might
cause much higher costs for another country. These differences are important to take

into consideration as they largely influence countries’ willingness to engage in provision.

We assume costs to be uniformly and equidistantly distributed. This allows us to
order countries from highest costs to lowest costs. As preferences are single-peaked,

countries can also be ordered according to their optimal ¢, given by

I+a)(1l+c)

i

Larger costs induce the fraction of endowment a country wishes to contribute to de-
crease. As the policy space is linear and countries’ preferences are single-peaked, the
median voter theorem holds. If a coalition forms, it thus provides G¢ = t);Sw where
ty is the fraction of endowment the median country would like to provide, and Sw

is the aggregate endowment of coalition members. In the case of an even number of



countries joining negotiations, ¢, is an average of the two countries around the median

position.

The country with the highest costs in a conjectured coalition is the least likely to
be willing to be a member of that coalition. That follows from two different aspects:
a private consumption effect and a political effect. The political effect describes the
change in the median ¢ if a country does not participate. If a country with a ¢t > ¢,
were to not participate the new median ¢, denoted by ¢;, would be lower than the old
median ¢, denoted by t;;. Thus, the fraction contributed by the coalition would be
lower. If, however, a country with ¢t < t;; does not participate, then tp; > t5. That
is, the fraction contributed by the coalition is larger. Thus, incentives to participate
resulting from the political effect are larger for countries with ¢t > ¢;;. The private
consumption effect describes the decrease in private consumption which occurs due to
being in the coalition. The larger a country’s costs in comparison to median costs,
the larger its decrease in private consumption due to contributing. Thus, the country
with the highest costs incurs the largest positive change in the private consumption
effect when leaving the coalition. Overall, the incentive to participate is thus smaller

for countries with ¢ < ¢,.

Based on this reasoning, whenever countries have an incentive to form a coalition,
one possible coalition forming is one comprising the countries with the lowest costs.
That follows directly from the argument that a country with larger costs has a lower
incentive to be in a coalition, while a country with lower costs has a larger incentive to
be in a coalition. Such a coalition includes all countries from the one with lowest costs
up to some threshold above which all countries are non-members, that is, it includes
countries with adjacent cost levels. We call such a coalition of countries with adjacent
cost levels a contiguous coalition. In the following we focus our analysis on this type

of coalition.

We now analyze the impact of a median-preserving increase of cost heterogeneity on
coalition formation, that is, we focus on settings where the coalition median stays the
same before and after a change of heterogeneity. A median preserving increase of het-
erogeneity might occur either as an increase on only one side of the coalition median or
as an increase on both sides. An increase in heterogeneity holds for the whole popula-
tion, that is, it is not restricted to members of the coalition. The effect of an increase

in heterogeneity on one side of the median depends on the side the increase occurs



on: an increase of heterogeneity on the low-cost side induces the political effect to be
stronger, and an increase on the high cost side leads to a larger decrease in private
consumption. Both of these effects lead coalition formation to be more difficult. An

increase in heterogeneity on both sides of the median combines both effects.

Proposition 2. A median preserving increase in the degree of cost heterogeneity makes

it harder to reach an agreement.

This proposition says that the existence of an equilibrium in which a coalition forms
depends on the degree of heterogeneity between countries. If heterogeneity is suffi-

ciently large, coalition formation becomes impossible.

Given that result on the relevance of the variation in costs, we now turn to the analysis
of variation-preserving level changes in costs. That is, we look at how, for instance,
a new technology that makes overall production of the public good cheaper influences
coalition formation. For the case of climate change, new advances in clean energy
technologies might pose an example of such a change in cost levels. If the cost level of
public good production decreases, the private consumption effect is larger, that is, a
player has a larger incentive not to participate. At the same time, the political effect
of not being member of a coalition is larger, which creates an additional incentive not
to participate. Thus, while one might on first sight expect a cost decrease to have
a positive effect on coalition formation, it turns out that it actually makes coalition

formation more difficult.

Corollary 2. A decrease in the level of production costs of the public good makes it

harder to reach an agreement.

4.2 Valuation heterogeneity

Countries might have fairly different valuations of a public good. For instance, with
respect to climate change some countries are likely to be more impacted than others
and, at the same time, some countries seem to have a higher intrinsic value they at-
tach to sustainable behavior. Similar considerations hold true for the case of Ozone
depletion and other related international public goods. Differences along dimensions
such as geographic position, economic development or general social norms prevalent

in a country’s culture are likely to lead to quite different valuations for a public good.

We distinguish a private consumption effect, a political effect and a coalition size



effect. As in the case of cost heterogeneity, the private consumption effect of being in
a coalition is always negative, creating an incentive to not participate in a coalition. It
is solely determined by the median valuation and becomes more negative if the median
valuation is larger. The coalition size effect is always positive, that is, it gives an incen-
tive to be in a coalition. In opposition to the dynamics of cost heterogeneity, however,
the sign of the political effect switches depending on whether country ¢’s valuation is
larger or smaller than the median valuation. If a; < ajp; the effect is negative, while
it is positive if a; > ap;. In order to ensures that the combined political and coali-
tion size effects yield a positive incentive to join the coalition, we impose the following
assumption: 3
Am
S am + 1
S—1 m
am +1

We assume that the a;’s are closely packed and a; € (0,00) in order to ensure that Al

holds for the broadest range of coalition sizes possible.

Given that the a;’s are uniformly and equidistantly distributed, countries can be lined
up according to their valuations. Under Al, the country with the lowest valuation in
any given coalition is the one who receives the lowest utility from participating. The
lower a player’s valuation the lower the positive impact of the combined political and
coalition size effects, while the negative impact of the private consumption effect does
not vary with the respective player’s own valuation. Thus, the lower a country’s own
valuation the higher is the weight of the negative private consumption effect relative to
the positive combined political and coalition size effects, creating stronger incentives
not to participate. That is, the country with the lowest valuation is the least likely to

participate in negotiations.

Based on this argument, we can see that if coalition formation is possible, one coalition
that may form is one which encompasses the countries with the highest valuations down
to some cut off value. That is, under Al there exists a contiguous coalition whenever
coalition formation is possible according to the underlying parameters. As in the case

of cost heterogeneity, we focus our analysis on this type of coalition.
We then turn to the analysis of a median-preserving increase in valuation heterogeneity.

We again focus on settings where the coalition median stays unchanged, and a hetero-

geneity increase holds true for the whole population. The size of the political effect

10



depends crucially on the degree of heterogeneity. If there is an increase in heterogene-
ity for those countries with valuations above the median, the political effect increases,
while the valuation of the country with the lowest valuation stays unchanged. That is,
the country with the lowest valuation has a stronger incentive not to participate than
before the increase. If there is an increase in heterogeneity for those countries with
valuations below the median, the political effect stays the same as before the increase.
However, the own valuation of the lowest valuation country decreases, leading the com-
bined political and coalition size effect to be less positive. The country with the lowest
valuation in a given coalition therefore has a lower incentive to participate than before
the increase. To analyze the impact of an increase in heterogeneity on both sides of the
median, we combine the effects of a one-sided increase. As each of these effects yields
a lower incentive to participate for the player with the lowest valuation, the combined

effect on participation incentives is negative.

Proposition 3. A median-preserving increase in the degree of valuation heterogeneity

leads coalition formation to be more difficult.

We now turn to the analysis of shifts in valuation levels. For instance, new information
becoming available or a general increase in awareness might lead to such a shift in
valuation. A distribution-preserving shift in the valuation level of its members leads a
given coalition to provide more because the median t is larger than before. However,
it might also decrease participation incentives for the player with the lowest valuation.
The larger median t leads the private consumption effect to be more negative. The
interior political effect is less negative. The own valuation of the lowest-valuation
country is now higher though. As the interior political effect gets multiplied with the
own valuation of the lowest-valuation country, the overall effect is negative. Thus, the

lowest-valuation country has a stronger incentive not to participate.

Corollary 3. A shift towards higher valuation of the public good leads coalition for-

mation to be more difficult.

4.3 Endowment heterogeneity

Differences in endowment of countries constitute the most visible form of heterogene-
ity on the international stage. We assume endowment to be equidistantly distributed
across countries. Differences in endowment do not have any direct impact on the frac-
tion of endowment a country is willing to contribute. However, they do influence the

overall amount a country contributes and through that lead to different externalities

11



caused by countries participating or not. For a country with a large endowment the
utility difference between being member of a coalition and not being member is larger,
that is, being in a coalition is relatively more profitable for a rich country than for a
poor country. Thus, a country with a larger aggregate endowment is more likely to be

in an agreement than one with a lower endowment.

This reasoning allows for a clear statement on the effect of a median-preserving in-
crease in endowment heterogeneity. Those countries above the median have a higher
endowment after such an increase, leading them to be more willing to participate.
Those countries below the median, however, have a lower endowment, leading them
to be less likely to participate. The country with the lowest endowment is thus less
likely to be a member of the coalition after a median-preserving increase of endowment

heterogeneity, leading coalition formation to be more difficult.

Along the same lines of reasoning, we can make a statement about the way in which
a shift in income influences coalition formation. A shift towards higher income means
that every country possesses a higher endowment. That leads every individual country
to be more willing to participate. Thus, a shift towards higher income leads coalition

formation to be easier.

Proposition 4. An increase in income for all countries leads coalition formation to

be easier.

4.3.1 Endowment and costs

We now analyze the effects which result from combining endowment and cost hetero-
geneity. Endowment and costs can be positively or negatively correlated, depending
on the specific scenario. A positive correlation means that countries with higher aver-
age costs have a higher endowment, while a negative correlation means that countries
with higher average costs have a lower endowment. A country with a high endowment
has higher average costs than a country with a low endowment if marginal costs are
increasing, while it has lower average costs if marginal costs are decreasing. A posi-
tive correlation between endowment and costs is thus equivalent to increasing marginal

costs, and a negative correlation is equivalent to decreasing marginal costs.

If endowments are equal across countries, we have seen that a country with higher

costs is less likely to participate. If endowments are heterogeneous such that a coun-

12



try with higher costs has a higher endowment than countries with lower costs, that
country will be more willing to join. If on the other hand heterogeneity is such that a
country with higher costs has a lower endowment, that country will be less willing to
join. That is, a positive correlation between costs and endowment has a positive effect

and a negative correlation has a negative effect on coalition formation.

Proposition 5. An increase in the degree of endowment heterogeneity makes coali-
tion formation less difficult if marginal costs are increasing in endowment. It makes

coalition formation more difficult if marginal costs are decreasing in endowment.

4.3.2 Endowment and valuation

We now consider the way endowment and valuation heterogeneity interact. In general,
a larger endowment leads a player to be more likely to participate. This effect also
holds in the case of additional valuation heterogeneity. While a lower valuation as
such leads a player to be less willing to participate, a higher endowment can counter
this effect. We can show that, if a low valuation player has a small endowment, that
leads to a lower incentive to participate, while having a larger endowment leads a low

valuation player to be more willing to be in an agreement.

Proposition 6. An increase in the degree of endowment heterogeneity makes coalition
formation less difficult if valuation is decreasing in endowment. It makes coalition

formation more difficult if valuation is increasing in endowment.

5 The political process

We have so far analyzed the way cost, valuation and endowment heterogeneity influence
coalition formation, and we have looked at the way endowment heterogeneity interacts
with cost or valuation heterogeneity. Now we turn to the question how heterogeneity
over costs, valuation and endowment interact with the political process. We argue
that endowment as a measure of economic power constitutes a valuable proxy for po-
litical power. That is, we see endowment as a measure for a country’s relevance on
the international stage: a large endowment country is likely to have a larger weight in
international negotiations than a country with a small endowment. While potentially
neglecting some other aspects that might cause differences in political weights, such
as for instance historical relevance, this approach reflects much of the political hetero-

geneity observed on the international stage.

13



Heterogeneity in political power might make agreement formation more or less difficult,
depending on the correlation between weights and costs or valuation. We therefore con-
sider in detail the way heterogeneity over political power interacts with heterogeneity

over these underlying parameters.

5.1 Costs and political power

< tpy. That is,
is closer to a high cost country’s optimal ¢ than ;. This induces a high cost

If weight is larger for countries with high cost, it holds that ¢/,

eighted

theighted
country which participates in a coalition to be better off in the case with weighted

voting than in the case without. If a country with high costs opts against participat-
ing, on the other hand, it causes the median to change more, leaving it worse off not
participating than what it is in the unweighted voting case. Thus, a high cost country

is more likely to be in a coalition under weighted voting than under unweighted voting.

makes a large cost country worse off in case it participates under weighted voting than

If weight is larger for countries with low costs, it holds that tu, . .4
what it would be under unweighted voting. If it does not participate, on the other
hand, it would be better off than under unweighted voting. Not participating induces
a lower change in the median ¢, that is, not participating causes the coalition provisions

to fall less than under unweighted voting.

Proposition 7. Weighted voting makes coalition formation easier if countries with
high costs have greater political power, while it makes coalition formation more difficult

if countries with low costs have greater political weight.

We now look at an extreme case, where one country in a coalition is able to dictate
the ¢ which will be provided. In such a case the weight of all other countries in a
coalition is zero, meaning that they have no influence at all on the provision outcome
of the coalition. We first consider a setting where a high cost country, that is a country
with costs above the median costs, is a dictator in the coalition. Then a country with
high costs is better off if it is in a coalition then under equal voting weights because
the chosen t is closer to its own optimal ¢. If it is outside of a coalition, the political
effect stays unchanged and thus utility is not different from a setting with equal voting
weights. Overall the existence of a high cost dictator therefore increases incentives of

a high cost country to be in the coalition. Now consider a low cost dictator, that is

14



a country with costs below the median. In such a setting a country with high costs
is worse off if it joins the coalition because the chosen t is further away from its own
optimal t. If it does not participate, however, it is better off because the coalition

provides a higher ¢ than under equal voting weights.

Corollary 4. If there is a high cost dictator in a given coalition, the number of members
of the coalition weakly increases, while t weakly decreases compared to a setting with
equal voting weights. If there is a low cost dictator in a coalition the number of coalition

members weakly decreases while t weakly increases.

We consider now how the effect of an increase in cost heterogeneity depends on the
distribution of voting weights. In the case of a high cost dictator, an increase in
heterogeneity of those countries with lower costs than the median has no effect. An
increase of heterogeneity for the countries with costs higher than the median leads to a
larger incentive to join the coalition. The overall effect of an increase in heterogeneity
if there exists a high cost dictator is thus positive, leading to a larger incentive for high
cost countries to be in a coalition. If there exists a low cost dictator, both an increase
of heterogeneity for those countries with lower costs than the median and for those
with higher costs leads to a lower incentive to participate for countries with high costs.
The overall effect of an increase in heterogeneity if there exists a low cost dictator is

thus negative, leading to a lower incentive for high cost countries to be in a coalition.

Corollary 5. The negative effect of an increase in cost heterogeneity is less harsh if
political weights are more concentrated on high cost countries. If political weight is more
concentrated on low cost countries, the negative effect of an increase in heterogeneity

1s harsher than under equally distributed political weights.

5.2 Valuation and political power

In order to consider the combined effect of valuation heterogeneity and political power
heterogeneity, we compare the utility of a low valuation country in the case of equally
distributed voting weights to the utility it receives under weighted voting. If valuation
and voting weights are positively correlated, that is, if countries with a higher valuation
have larger political power, a low valuation country is worse off if it participates under
weighted voting, but better off if it does not participate under weighted voting. If
valuation and voting weights are negatively correlated, that is if countries with a higher

valuation have lower political power, the country with the largest incentive not to
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participate is better off if it participates under weighted voting, but worse off if it does

not participate under weighted voting compared to the unweighted case.

Proposition 8. Weighted voting makes coalition formation easier if countries with low
valuation have greater political power, while it makes coalition formation more difficult

if countries with high valuation have greater political power.

In the extreme case where all political weight is focused on one player, incentives to
join a coalition for a low valuation country may be larger or smaller, depending on the
position of the decisive player. If there exists a high valuation dictator, a low valuation
country is worse off if it participates but better off if it does not do so than in a case
with equal voting weights. If there exists a low valuation dictator in a coalition, a low
valuation country is better off if it participates but worse off if it does not do so than
in a case with equal voting weights. Thus, the country with the lowest participation
incentives has a higher incentive to participate if there exists a low valuation dictator

but a lower incentive if there exists a high valuation dictator.

Corollary 6. If there is a low valuation dictator in a given coalition, the number
of members of the coalition weakly increases, while t weakly decreases compared to a
setting with equal voting weights. If there is a high valuation dictator in a coalition the

number of coalition members weakly decreases while t weakly increases.

We now consider how the existence of a dictator influences the impact an increase
in heterogeneity has on coalition formation. If there is a high valuation dictator a
heterogeneity increase for countries with valuations above the median does not change
incentives to join a coalition for a low valuation country. A heterogeneity increase for
countries with valuations below the median lowers incentives to join. This reasoning

holds true equivalently for a median valuation country having dictatorial power.

Corollary 7. The negative impact of an increase in valuation heterogeneity is stronger

iof political weights are more concentrated on medium or high valuation countries.

6 Conclusion

We show that if countries are homogeneous, there exists a unique number of coun-
tries that can form a stable agreement in equilibrium. If we allow for heterogeneity
over costs or valuation, agreement formation becomes more difficult. We see that the

country with the highest costs or the lowest valuation is the least likely to be willing
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to be a member of a coalition. The existence of an equilibrium in which a coalition
forms thus depends on the degree of heterogeneity between countries. If heterogeneity

is sufficiently large, coalition formation may become impossible.

Further, we look at the impact of endowment heterogeneity on agreement formation.
We first consider pure endowment heterogeneity and then analyzed the way it interacts
with cost or valuation heterogeneity. Endowment heterogeneity leads countries with
a large endowment to be more willing to participate in negotiations. The effect of
an interaction between endowment heterogeneity and cost or valuation heterogeneity
depends on whether high cost countries are associated with a high or a low endowment
and, respectively, whether high valuation countries are associated with a high or a
low endowment. We show that introducing endowment heterogeneity in addition to
cost or valuation heterogeneity might make a large cost country more willing to par-

ticipate if it leads to an increase in the large cost or low valuation country’s endowment.

Cost and valuation heterogeneity have a direct negative effect on agreement forma-
tion. Heterogeneity over costs or valuation causes countries to differ with respect to
the fraction of endowment they are willing to contribute to a public good. Such dif-
ferences in willingness to contribute lead agreement formation to be fairly difficult,
especially if differences are substantial. Endowment heterogeneity, on the other hand,
has a more indirect effect. It does not change countries direct willingness to contribute,
but has an indirect effect which is based on the externalities caused by a country. A
larger country causes larger positive externalities for other countries if it provides. If
it does not provide, however, the aggregate amount provided decreases more than if
a smaller country decided against participating. In that sense, a larger country can
be seen as more decisive for the outcome of negotiations. That idea can be reflected

through weighted voting.

We conduct a detailed analysis of heterogeneity over political power. We model po-
litical coordination through introducing an explicit voting procedure into the analysis
of negotiations, where political heterogeneity is introduced through different voting
weights. We are able to show that the political process plays a crucial role in agree-
ment formation. If a country with a large endowment has a larger political weight on
the international stage, negotiation outcomes are shifted in favor of high endowment
countries. Introducing different voting weights might lead a country with larger costs

or lower valuation to be more likely to be in an agreement than under unweighted
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voting, given that it also has a larger endowment. Thus, if political power is positively
correlated with costs or negatively correlated with valuation, coalition formation is less

difficult under weighted voting than under unweighted voting.

In considering the extreme case where all weight is concentrated on one player we
show that, if there is a high cost dictator in a coalition, the number of members of the
coalition weakly increases. If there is a low cost dictator in a coalition the number of
coalition members weakly decreases. Equivalently, if there is a low valuation dictator
in a given coalition, the number of members of the coalition weakly increases while,
if there is a high valuation dictator in a coalition, the number of coalition members

weakly decreases.

The impact of an increase in heterogeneity depends largely on the specific political
situation. Political weights that are more concentrated on high cost countries lead the
impact of an increase in cost heterogeneity to be less harsh than under equally dis-
tributed political weights. Equivalently, political weights that are more concentrated
on low cost countries lead the impact of an increase in cost heterogeneity to be harsher
than under equally distributed political weights. In the case of valuation heterogeneity,
the negative impact of an increase in heterogeneity is stronger if political weights are

more concentrated on high or median valuation countries.

APPENDIX

Proposition 1: Homogeneity. The proposition follows from considering internal and ex-
ternal stability of a coalition. A coalition provides G¢ = St*w where S is the number
of members of the coalition and

a

(I+a)(14c¢)

is the agreed upon fraction of endowment that is contributed. A country’s utility from

*

being in a coalition is then

Uczln(ﬂ— - w>+aln(<sa—w)+(B—K),

n l4an 14+a)(l1+c¢)

while being outside of a coalition yields utility

Uo=1In (%) +aln (%) .
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Comparing the utility a country in a coalition with S members receives to the utility

a country being outside of an S — 1 coalition receives, yields

In (1 - i a) +aln(Sw) + (B — K) > aln((S — 1)w). (1)

Comparing the utility a country outside of a coalition with S members receives to that

which a country participating in a coalition of S + 1 receives, yields

In (1—1_7_ )—I—aln((S+1)w)+(B—K)galn(Sw). (2)

a
A coalition is internally stable for S < S and externally stable for S > S. As the
largest integer fulfilling S < S is at the same time the smallest integer fulfilling S > S,

the unique stable coalition size is defined by S > S* > S.

For the case where B — K = 0 this can be expressed as

1 1
—;ZS*Z—l for a24.
1—(1—;)11 (I+a)e —1
m
Proposition 2: Cost heterogeneity. Consider internal and external stability:
1+ C; a a
In(l =37 e L+ )t aln(ggfa)t aln(Sw) +(B-K) 2
ol aay + em((S = Dw) (3)
and
aln( Gt eln(Sw) >
In(1 1 + C; a 1 a | S 1 B % A
n(l - 1+c§\41+a)+ ol =fr)t eln(S+Dw)+(B-K) ()

If heterogeneity on the low cost side increases, the distance between countries with re-
spect to costs increases. That induces the political effect to be stronger: the difference
between tj; when the country with the highest costs in a conjectured coalition partic-
ipates and t,; when it does not participate increases. That makes it more profitable

for the country to not participate.
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If heterogeneity on the high cost side increases, the difference between the median

1+Ci
? 14cem

leads the utility received from private consumption to decrease more due to contribut-

player and the player with the largest costs increases. Thus increases, which

ing. This makes a country more likely not to participate.

In the case of a two-sided heterogeneity increase both effects work together. O]

Proposition 3: Valuation heterogeneity. Consider internal and external stability:

1n<1—1_7_J\2M)+ ailn<(1+c)‘z++am>+ a;ln(Sw)+ (B-K) >

a; In ((L) + a;In((S—1)w) (5)

1+c)(1+aar)

and

a; In (Mﬁ) + a;In(Sw) >

_ _au (i)t a _
In (1 - a?\/[) + a;ln ((1+c)(1+a7u) + a;In((S+1w)+ (B—-K) (6)
An increase of heterogeneity on the right side of the median induces the difference
between ajy; and ap; to be larger and, therefore, has a negative political effect. As the

relevant a; stays unchanged, the overall effect is negative.

An increase of heterogeneity on the left side of the median leaves the difference between
ayr and ajp; unchanged and, therefore, has a neutral political effect. The relevant a; is
lower, however, and therefore the overall effect is negative on the parameter set that
fulfills A1.

A heterogeneity increase on both sides of the median induces a negative political ef-
fect and a lower relevant a;. The overall effect of an increase in heterogeneity is thus

negative. O

Proposition 4: Endowment heterogeneity. Consider internal and external stability:

a)—i—aln(ij)—i—(B—K)zaln(Z w;) (7)

jeS jes—1

a
1+

In(1 —
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and

aln(ij)Zln(l—lj_a)—i-aln(Z w;) + (B — K). (8)

jes jes+1

The difference between the utility resulting from being in a coalition and not being in
a coalition is larger for a country with a larger endowment. That is, a country with a

larger endowment has a larger incentive to be in the coalition. O]

Proposition 5: Combined cost and endowment heterogeneity. Consider internal and ex-
ternal stability:

1+ C; a “
In(1 — 1 4o 1 +a)+ aln(—(HCM)(Ha)—F aln(Z; w;)+ (B-K) >
Jje
aln(=faray)+ eln( > wy) (9)
jes—1
and
aIn( e ey T aln(Z;wj) >
JE
In(1 1+¢ a ! . | bk 0
nll - 1+l —I—a>+ aln(=Saat @ n(jeszle) +(B - K) (10)

Increasing marginal costs lead to higher average costs for a large endowment country.
Decreasing marginal costs lead to lower average costs. If a country with high average
costs has a high endowment it is more likely to participate than under equal distribution
of endowments, while if it has a low endowment it is even less likely to participate than

it would be under income homogeneity. O]

Proposition 6: Combined valuation and endowment heterogeneity. Consider internal and

external stability:

am ay
1H<1—1+GM)+ ailn(WM)—i— azln(ij)—I—(B—K) Z

jeSs
a; In (m) + a; In ( Z w]) (11)
jes—1
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and

a; In (Mﬁ) + a; IH(Z 'LU]) >

JjES
an -
111(1— = )—l— aﬂn(%)—l— ailn( E w])+(B—K) (12)
1+ ay (I+e)(1+an) G

In any given coalition, the country with the lowest valuation is the least likely to
participate. A larger endowment leads that country to be more willing to participate,
while a smaller endowment leads that country to be less likely to participate. That
is, an increase in endowment heterogeneity makes coalition formation easier or harder,

depending on the direction of correlation between endowment and valuation. O]

Proposition 7: Cost heterogeneity and weighted voting. We first consider the case where
weight is larger for countries with large costs and then the case where weight is larger

for countries with low costs.

1. Weight is larger for countries with large costs: Assume there exists some coalition
S. It holds that ¢,

weightea < tar- For countries with a t* >ty

weightea 1NOT Participating

would yield a lower utility than participating. Thus, these countries are more likely
to be members of a coalition than to be non-members. We can therefore focus on
Ast My,

optimal ¢ than t,;. Thus, a high cost country which participates in a coalition is better

<tym, tu is closer to these countries’

) ) .
countries with t* < tyy weighted

weighted * eighted

off in the case with weighted voting than in the case without. At the same time, the
political effect is stronger if a high weight country does not participate, that is, it causes
the median to change more if it decides against participating. A country with a larger
weight is thus worse off not participating than in the unweighted voting case, while it
is better off participating than in the unweighted voting case. Therefore, a large cost

country is more likely to be in a coalition than under unweighted voting.

2. Weight is larger for countries with small costs: Assume there exists some coali-
tion S. It holds that ¢y,

participating would yield a lower utility than participating. Thus, these countries are

> tp. As above, for countries with a t* > ¢y, not

eighted etghted

more likely to be members of a coalition than to be non-members. We can therefore
As th

away from these countries’ optimal ¢t. That makes a large cost country worse off in

again focus on countries with t* < ty, cightea > UMy UMy eigniea 18 Turther

eighted *
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case it participates under weighted voting than what it would be under unweighted
voting. If it does not participate, on the other hand, it would be better off than under
unweighted voting because it induces a lower increase in the median ¢ through not

participating. 0

Proposition 8: Valuation heterogeneity and weighted voting. We first consider the case
where weight is larger for countries with low valuation and then the case where weight

is larger for countries with high valuation.

1. Weight is larger for countries with low valuation: Assume there exists some coalition
S. It holds that ty,

would yield a lower utility than participating. Thus, these countries are more likely

< ty. For countries with a t* > ¢, not participating

eighted eighted

to be members of a coalition than to be non-members. We can therefore focus on
As tM

optimal ¢ than ¢;;,. Thus, a low valuation country which participates in a coalition

< tm, tu is closer to these countries’

) ) .
countries with t* < tyy weighted

weighted ® weighted

is better off in the case with weighted voting than in the case without. At the same
time, the political effect is stronger if a high weight country does not participate, that
is, it causes the median to change more if it decides against participating. A country
with a larger weight is thus worse off not participating than in the unweighted voting
case, while it is better off participating than in the unweighted voting case. Therefore,

a low valuation country is more likely to be in a coalition than under unweighted voting.

2. Weight is larger for countries with high valuation: Assume there exists some coali-
tion S. It holds that ¢,

weighted > M- As above, for countries with a t* > ty, not

weighted

participating would yield a lower utility than participating. Thus, these countries are
more likely to be members of a coalition than to be non-members. We can therefore
As tM

away from these countries’ optimal ¢t. That makes a low valuation country worse off

> ty, tu is further

again focus on countries with t* < ¢, weighted

eighted " eighted

in case it participates under weighted voting than what it would be under unweighted
voting. If it does not participate, on the other hand, it would be better off than under
unweighted voting because it induces a lower increase in the median ¢ through not

participating. 0
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