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Abstract

Establishing binding agreements is often costly in real world economies. The

costly nature of these agreements decreases the gains from cooperation and a�ects

which agreements form by changing the incentives of agents, potentially leading to

di�erent equilibrium outcomes. However, economic theory often assumes away from

these costs or associates them with a negative impact on the surplus of agents as

they reduce the gains from cooperation. In this paper I explore the implications

of costs associated with binding agreements on equilibrium agreement structures.

Using an alternating o�ers bargaining model of coalition formation I show that

surprisingly, the presence of transaction costs can lead to an e�cient outcome in

situations where ine�ciency arises in equilibrium without these costs. These results

provide new insights for policies targeting transaction costs.
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1 Introduction

Binding agreements are widespread in everyday life. Economic activities requiring the col-

laboration of multiple people are often regulated by legally enforceable contracts between

the participants, such as employment contracts or agreements between �rms specifying a

transaction. The purpose of these agreements is to ensure that the collaborating parties

act in a way that is collectively bene�cial for them as a group, preventing situations where

agents seek to maximize their own bene�ts, disregarding the interests of others. There are

numerous situations where these contracts are not available for free: for instance, the con-

tracting parties have to hire and pay a lawyer to ensure that the correct legally enforceable

contract is written.

Various �elds of Economics have di�erent approaches regarding binding agreements

and the costs associated with them. Economic theory in general considers the presence of

contracting costs to be harmful for the overall surplus of agents. Non-cooperative game

theory and its applications are usually based on the assumption that parties cannot even

make binding agreements. In cooperative game theory and in the theory of coalition

formation, while the fundamental assumption is that binding agreements are feasible,

typically the costs of establishing them are not modeled explicitly. In this paper I build a

model where binding agreements are feasible and costly, and I show that in a wide range

of situations the presence of agreement costs improves the total surplus of all agents.

Costs associated with binding agreements have a signi�cant impact on the formation

of agreements as agents' incentives change, resulting in potentially di�erent agreement

structures in equilibrium compared to a costless environment. This paper investigates

how the costs of establishing binding agreements in�uence the negotiation about entering

into contracts and the e�ciency of the resulting outcomes. In such a setting a natural

hypothesis is that contracting costs lead to e�ciency problems. Although the e�cient

contracts would be written in an environment where agreements are free, as these costs

reduce the gains from cooperation, agents fail to reach the e�cient outcome in a costly

environment. While this hypothesis is correct in some settings, surprisingly the opposite

phenomenon is also possible: costly binding agreements may help reaching the e�cient

outcome when e�ciency is not reached in the absence of these costs. These interesting

cases are the focus of this paper.

Basic economic intuition suggests that the presence of costs related to establishing
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or enforcing binding agreements has a negative impact on the economy, as these costs

decrease the gains from the economic activity speci�ed by the agreement. Since the costs

of establishing binding agreements are not directly related to production or any kind

of economic activity, these costs are essentially transaction costs. The "Coase Theorem"

(originating from Coase (1960)), one of the best known ideas in Economics, states that in

the absence of transaction costs agents always reach an e�cient outcome - an outcome that

maximizes the total surplus across all agents - via negotiation. According to this argument,

transaction costs serve as an obstruction to negotiation, and if they are su�ciently high,

parties may fail to reach the surplus-maximizing outcome through bargaining. There is a

large literature analyzing the e�ect of transaction costs on two-player Coasean bargaining

and the consensus is that transaction costs reduce e�ciency (see Anderlini and Felli (2001,

2006), Bolton and Faure-Grimaud (2010) and Lee and Sabourian (2007) among others).

When the logic of the Coase Theorem is applied to the formation of agreements among

agents, it is expected that players reach the surplus-maximizing outcome when they ne-

gotiate without transaction costs. In addition, su�ciently high transaction costs impede

negotiating and does not allow parties to reach e�ciency. While this Coasean logic is

accurate in some settings, as suggested above, the opposite phenomenon can also happen.

In situations with more than two agents, even in the absence of transaction costs,

it is possible that agents fail to establish the contracts leading to the highest overall

surplus. This phenomenon is already known in the coalition formation literature, see for

example Ray and Vohra (1997, 2001), Diamantoudi and Xue (2007) or Hyndman and Ray

(2007). This paper shows that paradoxically, the presence of transaction costs may restore

the surplus-maximizing outcome when agents do not reach it in a costless environment.

This phenomenon is quite the opposite of the spirit of the Coase Theorem. In a Coasean

world, the only e�ect transaction costs can have is to obstruct negotiating partners from

reaching the e�cient outcome that would arise in a frictionless setting. I show that this

is not always the case: in some situations, the presence of transaction costs leads to the

e�cient outcome which would never be reached in a setting free of transaction costs.

The existence of surplus-increasing transaction costs has important policy implica-

tions. Despite the common belief among economists, in some situations the welfare-

improving action regarding transaction costs is to keep them high. In this paper I show

that under some conditions, an environment with lower transaction costs is not necessar-
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ily desirable, as it can lead to social welfare loss when the formation of small groups is a

potential issue. Therefore, when policy-makers decide about policies targeted at the re-

duction of transaction costs, a more careful approach is necessary and industry structures

should be taken into account.

The intuition and the mechanism through which the presence of costs associated with

establishing agreements restores e�ciency is di�erent based on the source of the inef-

�ciency arising without transaction costs. I present two conceptually di�erent types of

situations where coalition formation leads to an ine�cient outcome via costless bargain-

ing, and I show how the presence of transaction costs helps restoring e�ciency.

The �rst source of ine�ciency I consider is when agents establish agreements to maxi-

mize their joint payo� disregarding the payo�s of others outside of their agreement. Even

if the e�cient outcome - where the combined surplus of all agents is maximal - is a single

contract among all agents, it is possible that the surplus per capita is higher for a speci�c

contract within a smaller group. In this situation agents have an incentive to form that

smaller group and ensure themselves higher payo�s than they could expect in the e�cient

outcome. In the presence of transaction costs this incentive is weaker as the transaction

cost "taxes" the gains from excluding others from the agreement, therefore it can help

reaching the e�cient outcome. It is important to note that the e�cient outcome is also

subject to the same transaction cost. However, since the total surplus is higher in the

e�cient outcome, the same cost results in a lower relative loss.

The second possible source of ine�ciency occurs in settings with externalities among

contracting groups. In these situations the well-being of an agent does not only depend on

the contract she establishes, but also on what agreements others, who are not part of the

agent's group, form. A notable example is free-riding in public good provision, as analyzed

in Ray and Vohra (2001). Ine�ciency due to free-riding arises because, even if it is known

that some players will be free-riders and do not contribute to public good provision, the

rest of the players are still better o� if they make a binding agreement specifying a high

level of contribution in order to maximize their own payo�. Due to the non-excludable

consumption of public goods, the contributing players increase the free-riders' payo� even

more than their own as a side e�ect. Free-riders, in some sense, are "forcing" other players

to form these binding agreements on high contribution by declaring that they will not

contribute. Introducing transaction costs makes the formation of agreements harder for
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the contributing players, therefore free-riders can no longer expect others to contribute.

For this reason, when deciding about whether to free-ride or join a contributing group,

the potential free-riders rather choose to contribute. That is, the presence of transaction

costs can prevent free-riding despite that free-riders themselves are not subject to these

costs.

This paper is organized as follows. Section 2 introduces some important concepts

and provides a review of the related literature. Section 3 de�nes the coalition formation

game I use in my analysis. Then I turn to the two di�erent situations described above

where transaction costs can restore e�ciency. First, in Section 4 I analyze games without

externalities among coalitions; then in Section 5 I study situations with externalities. In

Section 6 I discuss the in�uence of some important assumptions on my results. Section 7

concludes the paper.

2 Background

In this section I start by introducing some important concepts related to binding agree-

ments among groups and I provide di�erent possible interpretations for the general trans-

action cost term used throughout the paper. Then I summarize the related literature.

2.1 Coalition formation

This paper studies how transaction costs a�ect the formation of agreements among agents.

Agents establish these agreements to formalize the conditions of an economic activity

that is bene�cial to every participant. A natural framework to analyze such situations is

cooperative game theory.

Cooperative game theory focuses on how the members of coalitions divide the coali-

tional value - the surplus of the coalition - taking the coalition structure as given. In

coalition formation models agents negotiate with each other about entering into binding

agreements, therefore the resulting coalition structure is an equilibrium of an explicitly or

implicitly modeled bargaining game. Coalitions are groups of players that maximize the

joint surplus of the entire group. A binding agreement among the members of a coalition

ensures that players will indeed act in a way that increases the joint surplus, and not seek

to maximize their own bene�ts instead.

4



Traditionally, coalition formation models do not explicitly separate the costs of estab-

lishing or enforcing coalitional agreements from the value derived from them. However,

in economic or political applications of coalition theory it is very important to decom-

pose the value achieved via cooperation from the costs of establishing or maintaining the

coalition. The reason why an explicit modeling of these costs is important is that there

are situations where the costs associated with agreements change while the economic or

political activity speci�ed by the agreements are una�ected. Moreover, governments or

other institutions are often capable of in�uencing transaction costs via regulation.

To decide whether a policy that modi�es transaction costs associated with establishing

agreements is desirable or not, we need to understand how people adjust their decisions

about entering into contracts in the new environment. This paper provides a method to

predict the consequences of these policies.

2.2 Costly binding agreements

Costs associated with binding agreements have several potential interpretations. First,

they can be interpreted as contracting costs which are simply the monetary costs of writing

the contract. Another possible interpretation is that the costs of binding agreements are

enforcement costs related to enforcing the actions speci�ed by the agreement, such as the

distribution of surplus. These costs can be also interpreted as fees of a supervisor actively

monitoring that the contracting parties keep their end of the bargain. Alternatively, these

costs can arise due to di�culty of coordination among agents. Depending on the analyzed

situation, the search for potential coalition partners can also be a source of agreement

costs.

Although the possible interpretations are numerous, the costs associated with binding

agreements have two de�ning properties in my model. First, these costs arise only if

there is cooperation among at least two agents. An agent who acts on its own without

cooperating with anyone else - in the terminology of cooperative game theory, a player

in a singleton coalition - is never a�ected by these costs. The second property is that

these costs are not directly related to the economic activity speci�ed by the agreement.

For example, consider a contract between an upstream and downstream �rm specifying

the delivery of goods of a given quantity and quality. The fee of the lawyer writing the

contract does qualify as an agreement cost, while the price of fuel, wage of the truck driver
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and any costs directly related to the delivery are not agreement costs. In summary, costs

associated with binding agreements reduce the gains from potential agreements without

directly a�ecting the economic activity speci�ed by these agreements.

2.3 Related literature

I use a cooperative game theory framework to build a model that shows the potential

e�ciency bene�ts of transaction costs in the formation of agreement structures among

groups. The theory of cooperative games originates from von Neumann and Morgenstern

(1944). Games in partition function form, are a speci�c class of cooperative games �rst

introduced by Thrall and Lucas (1963). The model introduced in the next chapter is based

on this class of games.

There is a growing literature on coalition formation, see Ray and Vohra (2015) for

a survey. The papers most closely related to my model are Bloch (1996) and Chatterjee

et al (1993) as they also use an extensive form bargaining game to determine the outcome

coalition structures. Similarly to this paper, Ray and Vohra (1997), Hyndman and Ray

(2007) and Diamantoudi and Xue (2007) also emphasize the e�ciency dimension of coali-

tion formation outcomes and �nd that the coalition formation negotiation process does

not always lead to an e�cient outcome in the absence of transaction costs.

Several other papers use a coalition formation framework to analyze public good pro-

vision games, most notably Ray and Vohra (2001), Furusawa and Konishi (2011). Dixit

and Olson (2000) and Ellingsen and Paltseva (2016) use a somewhat di�erent negotiation

framework but has a similar ine�ciency result as Ray and Vohra (2001) and this paper.

The e�ect of transaction costs on Coasean negotiation is extensively discussed in the

literature. Anderlini and Felli (2001, 2006), Bolton and Faure-Grimaud (2010) and Lee

and Sabourian (2007) assume di�erent types of transaction costs a�ecting negotiation and

�nd that the presence of transaction costs generally causes e�ciency problems. White and

Williams (2009), Mackenzie and Ohndorf (2013) and Robson and Skarpedas (2008) shows

that costly enforcement of property rights leads to potential ine�ciency.

There are multiple core ideas in the Organization Economics literature that are closely

related to this paper. Legros and Newman (1996, 2013) are based on the idea that due

to some non-contractible production decisions, �rms that are willing to cooperate with

each other have to hire a professional manager to ensure the e�ciency of the cooperation.
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This argument uses the same logic as the starting point of this paper: binding agreements

are not available by default, there is a cost associated with them, possibly due to a third

party not participating in the economic activity for which the coalition is formed. Legros

et al (2018) uses the organizational framework described above to provide a model of

endogeneous market structure.

3 Coalition Formation with Costly Binding Agreements

In this section I introduce the model I use to analyze which binding agreements arise in an

environment with transaction costs. I use a sequential coalition formation game similar to

Chatterjee et al (1993) and Bloch (1996). I de�ne the formal model I use in my analysis,

then I discuss the main assumptions imposed.

The presence of externalities between coalitions is an important feature of my model.

Games of partition function form are cooperative games where a value of a coalition

depends on how the rest of the players are partitioned into coalitions. For example in the

case of three players, the value of a singleton coalition can be di�erent when the other

two players are in a two player coalition or are in separate singleton coalitions. Therefore,

in order to capture externalities between players in my model, the values of coalitions

are given by a partition function. Throughout the paper I assume that all players are

symmetric in a sense that all coalitions of the same size have the same value, that is, the

payo�s only depend on the size of the coalition but not on the identity of its members.

De�nition 1. Let be N = {1, .., n} the set of players with n > 2. The cooperative game

(V,N) of partition function form is a function V de�ned on pairs of S ⊆ N and π ∈ Π(N)

where Π(N) denotes the set of possible partitions of N . The value of each coalition S, if

the current partition is π, is given by V (S, π) ∈ R, S ∈ π.

V is symmetric if for all π ,π′ and S ∈ π, S ′ ∈ π′ we have V (S, π) = V (S ′, π′) as long

as |S| = |S ′| and |π| = |π′| where |π| = (|S1|, ..., |Sk|) = (s1, ..., sk) with numbers arranged

into a descending order.

The collection (s1, ..., sk) is referred as numerical coalition structure (Ray and Vohra,

1999).

The assumption that n > 2 is maintained for all games analyzed in this paper as in

the framework I use two player coalition formation problems are trivial.
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In this paper I focus on a speci�c class of partition function games where the total

surplus is the highest when the grand coalition forms. This property is called cohesiveness.

That is, since I focus on cohesive games, the e�cient outcome - where the total surplus

of all players is maximal - is always the grand coalition.

An important special case of the cooperative game de�ned above is the characteristic

function game where there are no externalities between coalitions. That is, the value of a

coalition depends only on the members - or in the symmetric case only on the size of the

coalition - and does not depend on the coalition structure formed by the rest of the players.

In this case the value function reduces to v : 2N → R and cohesiveness is equivalent to

superadditivity (that is, for all disjoint S, T ⊂ N we have v(S∪T ) ≥ v(S)+v(T )). Section

4 will focus on this special case.

The outcome coalition structure π, that assigns values to coalitions using the function

V de�ned above is determined by a noncooperative alternating o�er bargaining game in

the spirit of Rubinstein (1982), which is a common framework in the coalition formation

literature using the non-cooperative approach, see Ray and Vohra (2015).

The process of the game is the following. At the beginning of the game no players are

assigned to any coalitions. At the start of the game, a protocol randomly selects a player

to be the �rst proposer. The role of the protocol is the same as the role of Nature in games

with incomplete information. The selected player i makes an o�er to a set of players not

yet assigned to any coalition to form coalition S. All players in S (not including player i)

answer this o�er in a randomly determined order by accepting or rejecting it. If everyone

accepts the o�er, coalition S forms and the players in S leave the game. Then the game

continues with N \ S as the set of players, and a new proposer is picked randomly.

If there is a player in S that rejects the o�er, then S does not form and all players

return to the pool of players without coalitions. The game then continues with the protocol

randomly selecting a new proposer from this pool. The game ends when every player is

assigned to coalitions. The di�erence between a player in a singleton coalition and a player

not yet assigned into coalitions is important.

Similarly to Bloch (1996), I assume that there is no discounting between the rounds of

bargaining, and if the bargaining game continues in�nitely players receive a payo� of zero.

The intuition behind these assumptions is the following: I model economic situations where

binding agreements are necessary to engage in a long-term economic activity creating the
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coalitional value. Once binding agreements are formed, the activity continues inde�nitely,

making the time spent on bargaining negligible as long as the bargaining process ends in

�nite rounds.

Note that coalitional agreements are assumed to be irreversible in a sense that once

a player is assigned to a coalition, she can no longer receive another o�er to be a part

of a di�erent coalition instead. This irreversibility assumption is crucial for the results

presented in Section 4 and Section 5. I discuss the implications of relaxing this assumption

in Section 6.

Another important assumption is that the coalitional surplus is divided equally. If

the surplus is divided equally, then the o�ers made by players during the bargaining

game simply contain the proposed coalition, there is no need to specify a distribution of

coalitional surplus in the o�er.

The formal de�nition of the coalition formation game is given below:

De�nition 2. The coalition formation game (V,N,N∗, π−N∗ ,Σ, ρ) consists of the follow-

ing:

• N = {1, ..., n} is the set of players, n > 2

• N∗ is the set of players not yet assigned to a coalition, N∗ = N at the beginning of

the game

• π−N∗ is a partition of N \N∗

• V is a symmetric partition function

• σP ∈ ΣP : (N∗, π−N∗)→ Π(N∗) is a strategy of the proposing player

• σR ∈ ΣR : (Π(N∗), π−N∗)→ {Accept, Reject} is a strategy of a responding player

• ρ is a protocol selecting a random player in N∗ to be the proposer if currently there

is no proposing player

When the protocol selects a player to be the proposer, the player chooses a subset S of

N∗ including the player herself according to her strategy σP . If there are other players in

this selected subset, they have to choose whether to Accept or Reject the o�er to form

coalition S. If all players choose Accept, S is formed and N∗ \ S becomes the new N∗.
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If N∗ = ∅, all players receive payo�s according the following rule: for all players

i ∈ S ∈ π, ui(S, π) = V (S,π)
|S| .

The outcome of a game is a coalition structure π that is a partition of N . Throughout

the paper I will focus on outcomes rather than equilibrium strategies as I am interested

in what coalition structures form. Note that the strategies of players are stationary as

they do not depend on histories, only on payo�-relevant information such as the coalitions

already formed, the set of players that are still in the game and the current proposal.

Due to the externalities captured by the partition function, when players decide

whether to form a speci�c coalition S they have to consider how the remaining play-

ers are going to organize themselves into coalitions. This is modeled by having σP and

σR dependent on both π−N∗ and N
∗, the coalitional structure formed by players that are

already in coalitions and the set of players yet to form into coalitions, respectively.

Similarly to Bloch (1996), Ray and Vohra (1997) and Kóczy (2007), I assume that

the players can make a rational prediction about the other players' actions, therefore the

equilibrium concept is (stationary) subgame perfect equilibrium in the sequential game

de�ned above. In the rest of the paper I will use the notation σ(V,N) to denote the

sequential coalition formation game where the payo�s are given by the cooperative game

(V,N).

This paper modi�es the framework de�ned above by introducing transaction costs to

the model. These costs are assigned to coalitions and they simply decrease the value of

the given coalition.

It is possible that larger coalitions are subject to higher transaction costs, therefore

transaction costs are non-decreasing in the size of the coalition. Outside of this mono-

tonicity, no further structure is assumed about the costs in this paper. Similarly to the

value of the coalition, the transaction cost depends only on the size of the coalition and

it is independent of which players are in that given coalition. Singleton coalitions are not

subject to transaction costs since they do not need a binding agreement ensuring that

they maximize the coalition's surplus instead of their own personal pro�t as the coalitional

surplus coincides with the individual bene�t.

A coalition formation game with costly binding agreements adds one more element to

the game de�ned in De�nition 2: a vector τ = {t1, t2, ..., tn} with ti ≤ tj for all i ≤ j.

The i-th element of the vector represents the transaction cost that has to be paid by any
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coalition with i players in it. The transaction cost for singleton coalitions, t1 is always

equal to zero. Due to transaction costs, the payo� of player i in coalition S, when partition

π is formed, changes to the following:

ui(S, π) =
V (S, π)− t|S|

|S|
.

The assumption that transaction costs are non-decreasing in coalition size implies that

ti ≤ tj for all i < j. I will use the notation (Vt, N) and σ(Vt, N) to refer to games (V,N)

and σ(V,N) augmented with the vector of transaction costs t.

In the next two sections I show how introducing transaction costs changes the equi-

librium outcome of coalition formation games and how it can help restore e�ciency.

4 Games without externalities

There are many real-world situations where there are gains from cooperating with others.

The problems I analyze in this section have the feature that cooperation is bene�cial for

all participating parties and the e�cient outcome is the one where all players choose to

cooperate, that is, the grand coalition of all players forms. Furthermore, the activity of

a given coalition does not a�ect agents outside of that group. Examples of this type of

games are situations where the joint value originates from technological synergies - such

as economies of scale - or from the provision of excludable (for example, local) public

goods.

This section focuses on situations where while the most e�cient outcome is the grand

coalition, it is not possible to divide the surplus of the grand coalition in a way that

each possible combination of players gets at least as high payo� as they could ensure for

themselves in a smaller coalition. These games represent the �rst possible reason why the

formation of coalitions can lead to an ine�cient outcome: a subset of players refuses to

participate in the e�cient grand coalition if they can achieve a higher payo� in a smaller

coalition. However, this deviation reduces the total surplus of all players.

First I look at the equilibrium outcome of this type of games in the absence of trans-

action costs and show that for a class of games, bargaining without transaction costs

leads to an ine�cient equilibrium. Then I point out how introducing transaction costs

can restore e�ciency while increasing the total surplus of the players.
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4.1 No transaction costs

As a higher degree of cooperation is bene�cial for each player, it seems plausible that

without transaction costs, players reach the most e�cient outcome. This is certainly true

when there are only two players because there is only one possible contract between

agents. However, games with three or more players open the possibility to multiple po-

tential contracts among players. In these situations the e�cient outcome will be reached

in equilibrium only if the marginal returns to cooperation are either constant or increas-

ing as further players join the coalition. Instead, if there are decreasing marginal gains

from cooperation, even in the absence of transaction costs, it is no longer guaranteed to

reach the e�cient outcome through a coalition formation game described in the previous

section. This paper shows that in that case it is possible that the presence of transaction

costs helps reaching the e�cient outcome.

To demonstrate a situation where agents fail to reach the e�cient outcome in the ab-

sence of transaction costs consider the following scenario. There are three manufacturers

at the same location, operating in the same industry. The manufacturers can produce

separately, but they can also choose to horizontally integrate with one or two other man-

ufacturers. Integration is bene�cial due to economies of scale: the total surplus of an

industry structure consisting of two integrated �rms and a single �rm is higher than the

combined surplus of three single �rms; and the surplus produced by the three-�rm inte-

gration is higher than the combined surplus of the two-�rm integration and one single �rm

industry structure. However, the gains from integration are higher when moving from pro-

ducing alone to operating as a two-manufacturer integration than the gains from moving

to the full integration from the two-�rm integration. Note that in this situation gains from

integration, as there are no externalities among �rms, are purely technological, there are

no market power e�ects. This game can be captured by the following numerical example.

Example 1.

Consider a game with three players. The singleton coalition has a surplus of 20, the two-

player coalition has a surplus of 70 and the grand coalition has a surplus of 102. The

e�cient outcome is the grand coalition since its total surplus, 102, is higher than 90 or 60,

the total surplus when the numerical coalition structure is (2,1) and the combined surplus

when all players are in singleton coalitions, respectively. However, the equilibrium of the

bargaining game described in Section 3 leads to an outcome with a two-�rm integration
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and a single �rm because the payo� players can expect from the grand coalition is 34,

while in a two-player coalition they can get a payo� of 35. Therefore, when the �rst player

makes her proposal, she o�ers the possibility of a two player coalition to one of the players

with an equal split of the surplus, and the proposed player accepts it.

In this example the e�cient outcome is not reached in equilibrium because the two

players in the small coalition maximize their own bene�ts instead of the joint surplus, and

they are better o� when deviating from the e�cient outcome.

Farrel and Scotchmer (1988) studies three-player games similar to the example above

and proposes a solution to these kind of problems by promoting one of the players to

a "ringleader" who has some power to capture a part of the surplus, without sharing it

with the other players. According to their result, if the ringleader has enough power, the

e�cient outcome forms. Note that the distribution of the payo�s will be asymmetric as

the ringleader takes a high portion of the total surplus. In this paper I propose a di�erent

solution to this problem that preserves the symmetry of players.

4.2 Introducing transaction costs

Now I introduce a transaction cost to Example 1. Running the horizontal integration of

multiple manufacturing �rms requires a professional manager who charges a fee for her

services. Assume that this fee is equal to 9. Introducing this transaction cost changes the

surplus available for players in the two and three �rms coalitions to 61 and 93 respectively.

Now the equal division of the surplus in the grand coalition gives 31 to each player, while

the two player coalition gives only 30.5. Therefore, there is no incentive any more to form

a two �rm coalition as it is no longer possible to get higher payo� than in the e�cient

outcome, hence the resulting equilibrium outcome is the e�cient grand coalition.

It is important to point out that the transaction cost restores e�ciency despite that

both the grand coalition and the frictionless equilibrium structure (2,1) are subject to

the cost. As the same cost has a relatively higher e�ect on the players' payo� in the

frictionless outcome compared to the e�cient outcome, players' incentives change and it

becomes desirable to form the grand coalition. As a result, the two-player coalition is no

longer advantageous for the player making the �rst proposal.

In addition, the total payo� of all players is higher in the presence of transaction costs

even if we account for the cost itself. This property implies that the expected payo� of a
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player is higher in that game as well, therefore ex ante every player is strictly better o�

when there are transaction costs. That is, if players can choose which game they want to

play before the order of proposers is drawn, they all prefer the game where cooperation

is costly compared to the one when forming coalitions is free. The interpretation of this

result in previous the manufacturing industry example is the following: before the game

starts and players can choose managers that operate the integrated �rm and work for free

or managers who work for a strictly positive wage, they prefer to pay the manager instead

of getting her services for free.

Note that this result is not achieved in a setting where transaction cost eliminates

the ine�cient equilibrium outcome by discriminatively targeting it and making it more

costly. Instead, the e�cient outcome is subject to the same transaction cost. Moreover,

even in cases where the transaction cost is slightly higher for the grand coalition (up to

12 compared to the 9 associated with the two player coalition), the same result still holds

with the e�cient outcome being the unique equilibrium and the presence of transaction

costs is preferable by the players ex ante. Intuitively, the ine�cient outcome is no longer an

equilibrium because the total surplus is lower in that case, therefore the same transaction

cost feels more costly from the point of view of a given player.

In summary, when cooperation is not associated with additional costs, the e�cient

outcome is not reached since the deviating two players can be better o� than they would

be in the e�cient outcome at the expense of the third player. However, if transaction costs

are introduced to the model and cooperation is costly enough, the advantage of forming

the two-player coalition disappears. Contrary to the traditional perception, instead of

hindering the economy from reaching the e�cient state, transaction costs are pushing the

economy towards e�ciency.

4.3 Surplus improving transaction costs for games without exter-

nalities

Now I formalize a general result regarding the situations described above. First I state the

conditions when the absence of transaction costs leads to an ine�cient equilibrium of the

coalition formation game. In the case of symmetric superadditive characteristic function

games these conditions are equivalent to the emptiness of the core. Then I characterize the

cases when there exists a vector of surplus-increasing transaction costs that ensures the
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formation of the grand coalition in equilibrium, while still low enough to make the sum of

all payo�s higher than in the frictionless game. The formal de�nition of surplus-increasing

transaction costs are the following:

De�nition 3. Let (V,N) be a cohesive game where N is not an outcome of a stationary

SPE in σ(V,N). Then, if there exists a vector t = (0, t1, ..., tn) of transaction costs such

that there is a stationary SPE in σ(Vt, N) with N as an outcome and for all π∗ arising as

an outcome of σ(V,N), we have

V (N)− tn ≥
∑
S∈π∗

V (S),

then t is a vector of surplus-increasing transaction costs.

Note that the transaction costs de�ned in De�nition 3 do not include all possible

transaction cost vector t that increase the total surplus of players. Surplus-increasing

transaction costs are de�ned as transaction costs that both restore the e�cient outcome

N and increase the total surplus of the players. To �nd out what games have potential

surplus-increasing transaction costs, the �rst step is to identify the set of games that do

not reach the e�cient outcome in an equilibrium without transaction costs.

De�nition 3 has an important implication: if the e�cient outcome is reached in the

absence of transaction costs, then the Coasean argument is valid and transaction costs

indeed hurt the economy. The potential surplus-improving e�ect of transaction costs is

originating from the fact that the e�cient outcome is not always reached in an environment

free of these costs.

In Example 1 the e�cient grand coalition does not form because it is impossible to

divide the value 102 in a way that any two players get at least 70 combined. Using the

terminology of cooperative game theory, this feature means that the game has an empty

core. Below I provide a formal de�nition of the core of a characteristic function game.

De�nition 4. Let (v,N) be a characteristic function game. The core of the game is the

set C(v,N) of vectors x ∈ Rn such that
∑

i∈N xi = v(N) and for all S ⊆ N ,∑
i∈S

xi ≥ v(S).

That is, the core is the set of possible distributions of the value of the grand coalition

that guarantees every subcoalition to have at least as high payo� as they could earn if they
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formed the given subcoalition instead. If the core is nonempty - it is possible to divide

the grand coalition's worth in a desirable way - then the grand coalition is expected to be

stable. A natural question to ask is whether the grand coalition arises as the equilibrium

of the sequential bargaining game when the core of the game is nonempty. Chatterjee et al

(1993) shows that the statement is not true if the players are not symmetric. Here I show

that the statement is true in the case of symmetric games.

Proposition 1. Let (v,N) be a symmetric characteristic function form game and σ(v,N)

is a coalition formation game with value function v and player set N where the core of

(v,N) is nonempty. Then there is a stationary SPE of σ(v,N) that gives N as outcome.

Proof. Since the core of (v,N) is nonempty, there is no coalition S such that

v(S)

s
>
v(N)

n
. (1)

Condition (1) means that there is no coalition S that is able to ensure higher average

payo� to its members than the grand coalition. Given that, when player i proposes to

form N , for all other players j 6= i it is an equilibrium strategy to accept it. By (1) it is

clear that if any player declines the formation of N , she cannot expect higher payo� than

v(N)
n

, therefore there is no pro�table deviation from accepting the o�er to form N .

In addition, for any proposing player, when the set of remaining players is N , it is an

equilibrium strategy to propose N if the responders accept it. If the proposer proposes N

and the proposal gets accepted, the proposer receives a payo� of v(N)
n

. Due to condition

(1), v(N)
n

is the highest possible payo� a player can receive in the game, so no pro�table

deviation form proposing the grand coalition. �

The converse of Proposition 1 is also true: for all symmetric game (v,N) such that

there is a stationary SPE in σ(V,N) such that the grand coalition is formed, then the

core of the game must be nonempty (this implies that equal split of v(N) is in the core).

Proposition 2. Consider a symmetric superadditive characteristic function game (v,N)

where there is a stationary SPE in σ(v,N) with N as equilibrium outcome. Then, the core

of (v,N) is nonempty.

I prove this proposition in the Appendix A.2.

Below I formulate that for every symmetric superadditive characteristic function game

(v,N) there exists a vector t of transaction costs such that the core of (vt, N) is nonempty.
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Lemma 3. For every symmetric superadditive characteristic function game with empty

core there is a cost t associated with each non-singleton coalition such that the game (vt, N)

has a nonempty core.

The proof can be found in Appendix A.3.

Combining the results of Propositions 1, 2 and Lemma 3 leads to the following result.

Corollary 4. Let (v,N) b a symmetric superadditive game with characteristic functions

where N is not an outcome in any stationary SPE of σ(v,N). Then, there exist a vector

of transaction costs t such that N is the outcome of a stationary SPE of σ(vt, N).

Corollary 4 ensures that the vector of transaction costs that restore N as the outcome

of (vt, N). However, it does not imply anything about the total surplus of players. The

next result characterizes the class of games for which surplus-increasing transaction costs

exist.

Proposition 5. Let (v,N) be a symmetric superadditive game with an empty core and

let π∗ be the SPE of σ(v,N) and S∗ is the coalition with highest average value in π∗ with

|S∗| = s. If

v(N)−
∑
S∈π∗

v(S) ≥ n · v(S∗)− s · v(N)

n− s
,

then there is a surplus-increasing t.

Proposition 5 is a direct consequence of Corollary 4 and De�nition 3.

5 Games with externalities

This section analyzes situations with externalities among coalitions. There are numerous

examples of these situations. Cartels and non-excludable public good provision exhibit

positive externalities. Cartels are able to raise market prices in order to increase their

revenues by colluding. However, �rms outside of the cartel also bene�t from the high

market price. In public good provision settings, as the consumption is non-excludable,

every individual bene�ts from the public good even if they do not participate in its

production. Externalities are positive in these settings because the larger the cartel is, or

the larger the group providing the public good is, the higher is the surplus of individuals

outside of these groups.
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In case of negative externalities this mechanism works backwards: the larger a given

coalition is, the lower is the surplus of agents outside of the coalition. Political competition

is a good example of negative externalities among groups.

In the remainder of this section �rst I apply the coalition formation framework de�ned

in Section 3 to a problem of public good provision introduced by Ray and Vohra (2001). I

use public good provision games to demonstrate how the formation of coalitions can lead

to ine�cient outcomes in the absence of transaction costs when there are externalities

among players. I start by summarizing the main �ndings of Ray and Vohra (2001), then

I show how the introduction of costly binding agreements a�ects the outcome predicted

by the model and restores e�ciency.

Following the public good provision application, I introduce some general results char-

acterizing the existence of surplus-improving transaction costs in settings with positive or

negative externalities.

5.1 Public good provision

Traditionally public goods are viewed as goods that cannot be e�ciently provided by

competitive markets due to the problem of free-riding. The reasoning is the following: in

markets involving public goods no one can be excluded from consuming them regardless

whether the consumers paid for them or not, which leads to free-riding problems. While

Lindahl (1919) and Samuelson (1954) characterized the prices based on individual valu-

ations that lead to e�cient public good provision, in practice there are several problems

that makes the implementation of Lindahl-Samuelson prices di�cult.

One of these problems is that the agents' true valuation for the public good is private

information, and agents are not willing to disclose it if they expect to be charged based

on them. The economic literature usually focuses on mechanisms that are able to provide

public goods e�ciently, usually by proposing solutions for extracting the private informa-

tion about the true valuation of the public good (see Clarke (1971) and Groves (1973)

among others).

However, even if the valuations are common knowledge and the correct Lindahl-

Samuelson prices can be determined, implementing them is a completely di�erent problem.

Agents still have the incentive not to contribute and free-ride. The actual payment of the

Lindahl-Samuelson prices has to be forced by a government or a binding agreement among
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agents that speci�es the contribution levels (potentially based on the Lindahl-Samuelson

prices). In the example analyzed in this section agents are able to implement e�cient

levels of public good provision if they form coalitions where the members enter into an

agreement that speci�es contribution levels maximizing the joint surplus of the coalition.

Ray and Vohra (2001) shows that a coalition formation game similar to Bloch (1996) can

lead to ine�cient provision of public goods.

Below I summarize the model of Ray and Vohra (2001) to analyze public good provision

games with no transaction costs and to illustrate the ine�ciency problem1 in this setting.

Then I introduce transaction costs to this model to show how the equilibrium outcome

and its properties change.

5.1.1 No transaction costs

Let N = {1, .., n} be the set of players. Each player i has access to a technology to produce

zi amount of public good at c(zi) cost, which is assumed to be convex in zi. Every unit

of the public good contributes to the payo� of all players, regardless of who produced the

public good. The payo� of player i is given by

ui = Z − c(zi),

where Z =
∑

i∈N zi. Players can form coalitions among each other, and within coalitions

they can make binding agreements such that the members of the coalition maximize the

payo� of the entire coalition, not just the payo� of the given player. While the members

of a coalition cooperate with each other, the cross-coalition interaction is noncooperative:

players ignore the payo�s of any other player outside of their coalition. That is, a coalition

S of s players solves the following maximization problem:

max
∑
i∈S

zi − c(zi).

Since c(·) is convex, the coalition will choose a production plan where each member pro-

duces the same quantity zS. Therefore the maximization problem is essentially simpli�es

to

max s · zS − c(zS).

1Note that Ray and Vohra (2001) de�ne two versions of this public good provision game. Here I refer

to the version they label as "restricted game".
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After each coalition S made its respective production decision, the next step is to calculate

the payo� of each player. The payo� of player i in coalition S is given by

ui = s · zS − c(zS) +
∑
S′ 6=S

s′ · zS′ ,

where s′ is the number of players in coalition S ′.

The coalitions are formed as a subgame-perfect equilibrium of a bargaining game

similar to the coalition formation game described in Section 3. There is a random order in

which players not yet assigned to coalitions make o�ers to other players to form a coalition.

The proposed players respond to the o�er in a random order. If everyone accepts the o�er,

the coalition forms and the players leave the game. If a player refuses the o�er, she becomes

the next proposer. The game continues until each player is assigned to a coalition. The

resulting coalitions decide about the amount of public good to be produced, and these

production decisions determine the payo�s. Players are assumed to have a payo� of zero

if the bargaining never ends.

When players decide about what kind of o�er to propose or whether to accept or

reject a particular o�er, they make a rational prediction about which coalition structure

the remaining players will form in later stages of the game.

To illustrate how this coalition formation game leads to an ine�cient outcome, consider

a case with n = 4 and c(z) = z2

2
. Table 1 table below lists the possible numerical coalition

structures and the payo�s associated with them.

Table 1: Public good provision with no transaction costs

Numerical coalition structure Payo�s of players

(4) 8 8 8 8

(3,1) 5.5 5.5 5.5 9.5

(2,2) 6 6 6 6

(2,1,1) 4 4 5.5 5.5

(1,1,1,1) 3.5 3.5 3.5 3.5

As the Table 1 shows, the total payo� is the highest in the case when the grand coalition of

all the four players forms, therefore that is the e�cient outcome. However, the equilibrium
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of the game is the coalition structure (3,1). If the player making the �rst o�er chooses

to form a singleton coalition, the remaining players cannot achieve higher payo� than

5.5 in any possible numerical coalition structure, hence these players have no incentive to

deviate from forming the three-player coalition after the �rst player left the game. Since

this outcome gives the highest possible payo� for the �rst proposer, she has no incentive

to deviate from this strategy either. Therefore (3,1) is an equilibrium coalition structure

but it is not e�cient.

Note that the player in the singleton coalition is free-riding: she produces the least

amount of the public good of all players and has the highest payo� due to enjoying the

bene�ts of the high level of provision by others.

The intuition behind this outcome is the following. The player who has the opportu-

nity to make the �rst o�er realizes that even if she free-rides, the remaining players cannot

do better than cooperating with each other and producing a large amount of public good.

By declaring that she contributes only the minimum amount, the �rst player "forces" the

remaining players to a situation when the best they can do is to produce the highest pos-

sible amount of public good to maximize their own payo�s. However, due to the presence

of externalities, this high level of public good provision bene�ts the free-riding player as

well. Since the player in the singleton coalition bears lower cost than players in the three

person coalition, the free-rider has a higher payo� than the other players.

5.1.2 Introducing transaction costs

This section shows how the presence of transaction costs change the outcome described

above. In the previous example it was possible to enter into binding agreements within

coalitions without any additional costs. Now consider a case when establishing binding

agreements costs 0.3 for any non-singleton coalitions. Singleton coalitions are not subject

to this transaction cost as there is no need of binding agreements in this case. Introducing

this transaction cost modi�es the payo�s as presented in Table 2:

Notice that in this game the unique equilibrium outcome is the grand coalition. Why is

this outcome di�erent from the frictionless game? Now if the player making the �rst o�er

decides to form a singleton coalition, the remaining players no longer have any incentive

to form the three player coalition, as they had in the game without transaction costs.

When the second player makes her o�er, she will realize that if she also decides to form
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Table 2: Public good provision with transaction costs

Numerical coalition structure Payo�s of players

(4) 7.925 7.925 7.925 7.925

(3,1) 5.4 5.4 5.4 9.5

(2,2) 5.85 5.85 5.85 5.85

(2,1,1) 3.85 3.85 5.5 5.5

(1,1,1,1) 3.5 3.5 3.5 3.5

a singleton coalition she will be better o� than if she is in the three person coalition

provided that the last two players are going to form the two person coalition. Since the

last two players are indeed better o� forming the two player coalition, the player making

the second o�er anticipates this move and declares to form its own singleton coalition if

the �rst player chose to do so. That is, if the �rst proposer forms a singleton coalition,

the resulting numerical coalition structure is going to be (2,1,1) compared to the (3,1)

outcome without transaction costs.

Now the �rst player foresees this scenario and realizes that she ensures the maximal

payo� to herself when she o�ers everyone to form the grand coalition. Since all players are

able to make the same prediction and conclude that this outcome maximizes their payo�,

they accept the o�er.

In the game without transaction costs the e�cient outcome (the grand coalition)

failed to form in equilibrium, however in the game with transaction costs the equilibrium

outcome is the e�cient one. Similarly to the partnership games in Section 4, e�ciency is

attained not despite but because of the presence of transaction costs.

Moreover, the combined payo� of all players is higher in the game with transaction

costs. In the �rst game the combined payo� is 26, in the second game it is 31.7. That

is, if players have the opportunity to choose between the two regimes ex ante (before the

identity of the �rst proposer is revealed), they strictly prefer the situation when making

binding agreements is costly to the one when they are completely free.

It is also important to note that a special feature of e�ciency restoring-mechanism in

the previous example is that transaction costs help eliminate free-riding not because the

free-rider is punished by the transaction cost. The free-rider is completely una�ected by
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the transaction cost because the cost is only paid by the players that are not free-riding.

The intuition behind this result is that in the case without transaction costs, the

free-rider is able to guarantee himself a higher payo� than she would get in the e�cient

outcome. The reason is that even when she declares herself to be a free-rider, the remaining

players still maximize their payo� when they form the three player coalition. However,

if forming the three-player coalition is less lucrative due to the transaction costs, the

remaining three players will opt out of forming it, making the free-rider worse o� than

she would be in the grand coalition.

The existence of the transaction costs decreases the power of the potential free-rider

to force the remaining players into a position where their best available option is to

produce the most possible amount of public good, which also helps the free-rider. Hence

the presence of transaction costs eliminates free-riding, despite that only the contributing

players are directly a�ected by the cost. The indirect e�ect of the costs restores e�ciency

and improves the surplus of all agents.

5.2 Surplus improving transaction costs for games with external-

ities

Below I characterize the circumstances where there are surplus-improving transaction

costs for coalition formation problems with externalities, then I discuss important di�er-

ences between direct and indirect surplus-improving transaction costs and implications to

situations with positive and negative externalities.

To identify the circumstances when there are surplus-increasing transaction costs for

games with externalities I introduce the notion of responsible coalitions.

De�nition 5. Let (V,N) be a cohesive game where N is not formed in any of the

stationary SPE of σ(V,N). Then, coalition S ⊂ N is responsible for not forming N if

S is formed after the �rst proposal in σ(V,N).

It is easy to see that for any S responsible for not forming N

V (S, π)

s
>
V (N)

n

where π is the stationary SPE of σ(V,N), that is, the average payo� of the responsible

coalition has to be higher than the average payo� of the grand coalition. This is the only
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reason why the members of S are not willing to join the grand coalition which maximizes

the total surplus of all players.

In order to be surplus-increasing, a vector of transaction costs t has to directly or

indirectly decrease the value of any possible responsible coalition S such that in the

resulting game σ(Vt, N) with the new equilibrium outcome πt

V (S, πt)

|S|
≤ Vt(N,N)

n
.

Proposition 6 characterizes necessary and su�cient conditions for existence of surplus-

improving transaction costs.

Proposition 6. Let (V,N) be a cohesive partition function game where N is not the

outcome in any stationary SPE of σ(V,N). Then, there exists a surplus-improving trans-

action cost vector t if and only if for all potential responsible coalition S and for all πS

that is an outcome of a stationary SPE in the game σ(V,N) conditional on S is formed

after the �rst o�er, we have

V (S, πt)− t|S|
|S|

≤ V (N,N)− tn
n

(2)

for all πt outcome of σ(Vt, N) conditional on S is formed after the �rst o�er and

V (N,N)− tn ≥
∑
T∈πS

V (T, πS). (3)

Proposition 6 is proven in Appendix A.4.

The nature of surplus-increasing transaction costs can be quite di�erent in games with

externalities compared to the case with no external e�ects. Proposition 5 characterizes

the cases when it is possible to achieve the condition above in the case of games without

externalities. In those situations the transaction cost t is able to restore N by imposing a

high enough cost on the responsible S such that in the game with transaction costs the

average payo� in S is no longer above the average payo� of N . This is a direct method of

restoring N as an outcome using transaction costs.

This method of restoring e�ciency does not always work in games with externalities. In

Section 5.1 the coalition responsible for not forming the e�cient outcome was a singleton.

Since singleton coalitions are never subject to transaction costs, it is impossible to restore

the grand coalition directly using transaction costs.

However, free-riding was only pro�table if the numerical coalition structure π = (3, 1)

is formed in equilibrium. If the outcome is πt = (2, 1, 1) for some transaction cost vector
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t, then the free-rider no longer has incentive to stay out of the grand coalition. The

transaction cost vector t = (0, 0.3, 0.3, 0.3) is able to restore N as the outcome of the

coalition formation game indirectly, without imposing any costs on the responsible free-

rider by "breaking up" the three-player coalition and hence decreasing the payo� of the

free-rider.

In summary, in games with externalities transaction costs can restore e�ciency directly

by imposing costs on coalitions that are not willing to join the grand coalition or indirectly

through external e�ects by changing the reaction of players outside the deviating coalition.

There are two important di�erences between direct and indirect surplus-improving

transaction costs. First, the existence of direct surplus-improving transaction costs re-

quires that every potential responsible coalition has at least two members. Indirect costs

do not impose this restriction. The second di�erence is that direct costs do not rely on

changing the coalition structure outside of the responsible coalition S, while indirect trans-

action costs do. Changing the coalition structure outside of S is not always possible: for

example if |N \ S| = 1, the coalition structure outside of S is impossible to change.

In games without externalities it is impossible to have indirect surplus-increasing trans-

action costs due to the lack of external e�ects among coalitions. In the general case it is

uncertain what are the conditions that determine whether direct or indirect transaction

costs will be able to restore e�ciency in a given game. However, for games with positive or

negative externalities there are some rules that help determine which type of transaction

costs we have to look for. In the rest of this section I analyze games with speci�c types

of externalities.

De�nition 6 of games with positive externalities captures the idea that for every coali-

tion S, if players outside of S organize themselves into bigger coalitions, the value of S

increases. The public good example presented above has this property.

De�nition 6. A game (V,N) is a game with positive externalities if for all π, π′ ∈ Π(N)

and all S ∈ π,

V (S, π) ≤ V (S, π′)

when π′ = (π \ (Si, Sj), Si ∪ Sj), Si, Sj 6= S.

As we have seen in Section 5.1, if there are positive externalities, then it is possible to

have a singleton coalition to be responsible for not forming the e�cient grand coalition. As
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singleton coalitions are never subject to transaction costs, there are no surplus-improving

direct transaction costs.

On the other hand, it is generally simple to have indirect surplus-improving transac-

tion costs: if the coalition structure has smaller coalitions, then the values of coalitions

(including the one responsible for not forming the e�cient outcome) are lower. That is,

the indirect transaction cost has to break up coalitions outside of the deviating one to

suppress the incentives to deviate. Breaking up coalitions by adding transaction costs to

them is simple. Hence in situations with positive externalities indirect transaction costs

are more likely to succeed in restoring e�ciency and increasing the surplus of all players.

Contrary to the case with positive externalities, the presence of negative externalities

implies that the value of S will be lower if players outside of S are in bigger coalitions.

De�nition 7. A game (V,N) is a game with negative externalities if for all π, π′ ∈ Π(N)

and all S ∈ π,

V (S, π) ≥ V (S, π′)

when π′ = (π \ (Si, Sj), Si ∪ Sj), Si, Sj 6= S.

As discussed above, with positive externalities it is not always possible to have direct

suprlus-improving transaction costs as there are situations where singleton coalitions are

deviating from the grand coalition. This is not the case with negative externalities. In

Proposition 7 I show that in a game with negative externalities no singleton coalition can

be responsible for not forming N .

Proposition 7. Let (V,N) be a cohesive symmetric game with negative externalities where

N is never the outcome in a stationary SPE of σ(V,N). Then, no coalition S with |S| = 1

can be responsible.

Proof. Assume that in a stationary SPE of σ(V,N) with outcome π, the coalition respon-

sible for not forming N is S with |S| = 1. Then,

V (S, π) >
V (N,N)

n
.

Now consider the partition π′ of n singleton coalitions. Due to negative externalities,

V (S, π) ≤ V (S, π′).
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This implies

n · V (S, π′) > V (N,N),

which contradicts the cohesiveness of V . �

Proposition 7 shows that games with negative externalities share the feature that no

singleton coalition can achieve higher payo� than its payo� in the grand coalition with

games without externalities (in that case this feature is a simple consequence of superaddi-

tivity). For this reason, it is always possible to have transaction costs that directly restore

the formation of the grand coalition and the condition stated in Proposition 5 for char-

acteristic function games is su�cient for the existence of surplus-improving transaction

costs in games with negative externalities.

However, in the case of negative externalities the condition in Proposition 5 is no

longer a necessary condition for the existence of surplus-improving transaction costs. Due

to externalities, there is another way of restoring the e�cient outcome besides imposing

a transaction cost on the "deviating" coalition such that the average payo� will be lower

than in the grand coalition. The presence of negative externalities implies that a given

coalition's payo� decreases when larger coalitions form outside of that coalition. As shown

in Example 1, the existence of transaction costs can result in formation of larger coalitions.

That is, if there is a coalition S responsible for not forming the grand coalition, and the

set N \ S of the remaining players is not organized into a single coalition, then it is

possible to have indirect surplus-improving transaction costs. However if N \ S forms a

single coalition, then unlike in the case with positive externalities, indirect transaction

costs cannot work.

Generally, contrary to the case with positive externalities, in games with negative

externalities it is more likely to have a direct surplus increasing transaction costs than an

indirect one.

6 Robustness of results

In the previous sections I analyzed coalition formation games using an alternating o�ers

bargaining framework de�ned in Section 3. One of the important assumptions of this model

is that binding agreements are irreversible, and once a set of players forms a coalition they

leave the game and other players cannot propose them to form another coalition. In this
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section I discuss how the choice of the coalition formation model and the irreversibility

assumption in�uences the results presented in my paper.

6.1 Alternative models of coalition formation

The characterization of situations with surplus-improving transaction costs in Section 4

and 5 does not depend on the sequential structure of the bargaining game described in

De�nition 2.

It is possible to replace the coalition formation model with one of the "blocking" ap-

proach. This direction of the coalition formation research does not use dynamic bargaining

models to predict what coalitions arise in equilibrium. Instead, the blocking approach fo-

cuses on stable coalition structures where there are no pro�table deviations by any group

of players. Due to externalities, when considering a deviation it is crucial what reaction

they expect from the rest of the players. There are several di�erent models in the litera-

ture that use the blocking approach, di�ering in their assumptions about the reactions to

deviations.

In the recursive core of Kóczy (2007), the reactions to deviations are "rational" in a

sense that when players decide about what coalitions to form in response to a deviation,

they choose outcomes where their payo�s are maximized. If the sequential bargaining

model replaced with the recursive core, all of the previous results would still hold.2 Overall,

the sequential structure of the model is not important, what is crucial is the rationality -

best response property - of the reactions.

6.2 Reversible agreements

Agreements in this paper are assumed to be irreversible, that is, once a set players agrees

to be in a coalition S, they can no longer receive o�ers to form another coalition and

cannot be selected as proposers.

The model described in Section 3 is not suitable to deal with situations with reversible

agreements. In this case the feature that no payo� is received by any player before the

negotiation process ends can easily lead to agents bargaining forever in equilibrium and

never reaching an agreement.

2This is not surprising, see Kóczy (2009) for relations between the recursive core and Bloch (1996).
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However, my model is designed to analyze the formation of long-term, thus irreversible

agreements. Reversible, temporary agreements need a di�erent theoretical framework. It

is an interesting question whether the phenomenon of surplus-increasing transaction costs

is unique to long-term agreements.

One direction of the coalition formation research analyzes temporary agreements, see

for example Ray and Vohra (1999), Diamantoudi and Xue (2007) or Hyndman and Ray

(2007). While the complete characterization of situations with surplus-increasing transac-

tion costs in the case of temporary agreements is outside of the scope of this paper, here I

present an example of a coalition formation game with temporary agreements by Ray and

Vohra (2015). This game yields ine�ciency in equilibrium and I show how the presence

of transaction cost helps restore e�ciency while all players are better o� ex ante.

Example 2.

Consider the following version of the public good game presented in Section 5.1.

Table 3: Reversible agreements with no transaction costs

Numerical coalition structure Payo�s of players

(3) 12 12 12

(2,1) 7 7 19

(1,1,1) 6 6 6

Ray and Vohra (2015) shows that in the equilibrium outcome of this game players will

cycle between the numerical coalition structures (3), (2,1) and (1,1,1) and the average

payo� of the players will be 9.67. Now consider a transaction cost of 2.4 applied to any

non-singleton coalition. The payo�s now change to

Now similarly to the example in Section 5.1, the unique equilibrium outcome of the

coalition formation game is (3). The coalition structure (2,1) never forms, not even tem-

porarily. The reason is that if one player announces that she forms a singleton coalition,

the remaining players also chose to form singleton coalitions to maximize their own pay-

o�s. Therefore no player wants to form any other coalition outside of the grand coalition

and this outcome stays stable in every period. The average payo� for each player is 11.2,

which is higher than the 9.67 from the game without transaction costs.
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Table 4: Reversible agreements with transaction costs

Numerical coalition structure Payo�s of players

(3) 11.2 11.2 11.2

(2,1) 5.8 5.8 19

(1,1,1) 6 6 6

Based on the analysis of this section it can be concluded that the existence of a surplus-

increasing transaction cost is quite a robust phenomenon and is not simply the product

of the speci�c modeling choices made in this paper.

7 Conclusion

In this paper I analyzed coalition formation games with the presumption that binding

agreements are costly. I used a simple model of coalition formation to show that de-

spite the common intuition, the costly nature of binding agreement can be bene�cial. I

demonstrated this argument in two di�erent settings.

First I considered simple superadditive games without externalities among coalitions.

In these games there are always gains from cooperation so the e�cient outcome is the

grand coalition, however, for a given range of payo�s all equilibria of the coalition for-

mation game is di�erent from the e�cient one. I showed that in some cases there is a

range of strictly positive transaction costs that helps players reach the e�cient outcome

and the combined payo� of players is higher than in a game without transaction costs.

Proposition 5 characterizes the conditions for situations where the e�cient outcome is not

reached without transaction costs due to a subset of players seek to maximize their own

payo� at the expense of the players outside of their subset, however adding a strictly pos-

itive transaction cost is able to suppress the incentives leading to the ine�cient outcome

and restores e�ciency.

Next I analyzed situations with externalities among coalitions. Similarly to the case

without externalities, bargaining without transaction cost can lead to ine�cient equilibria,

while adding transaction cost can help restoring e�ciency. In this setting, the intuition

behind this result is di�erent than it was for games with no externalities. Ine�ciency in
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public good provision arises when potential free-riders can abuse the situation that even

after they declared that they free-ride, other players are forced to contribute the highest

amount to public good production in order to maximize their own payo�, substantially

increasing the free-riders' payo� as a side e�ect. The presence of transaction costs makes

contribution harder for non-free-riders, therefore takes away some power from the free

riders to "force" the rest of the players into a situation that bene�ts free-riders the most.

Surprisingly, positive transaction costs can reduce the potential gains from free-riding

despite that free-riders themselves are not subject to transaction costs.

Finally I investigated the consequences of using alternative coalition formation models

or dropping the assumption of irreversible agreements. I concluded that the phenomenon

of surplus-increasing transaction costs is robust to these modeling choices.

The most important implication of the results concerns the approach towards trans-

action costs in general. The belief of harmful nature of transaction costs is widespread

in Economics, therefore most economists encourage policies reducing transaction costs.

However, the results of this paper suggest that an environment with lower transaction

costs is not necessarily desirable, as it can lead to social welfare loss when the formation

of small groups is a potential issue. Therefore, when policy-makers decide about policies

targeted at the reduction of transaction costs, a more careful approach is necessary and

the industry structures should be taken into account.

The indirect surplus-improving e�ect of transaction costs has another interesting policy

implication. The fact that the increased transaction cost a�ecting the contributors are able

to stop free-riders and restore the e�cient outcome suggests that it is possible to regulate

markets indirectly if there are external e�ects among �rms, organizations or other groups

of agents, . Consider an undesirable situation on a given market - such as extreme market

power or a plant causing heavy pollution - but it is prohibitively costly to mitigate it

via direct regulation due to technical or legal constraints. If the policy-maker succesfully

identi�es that this situation is the result of the interaction of agents in a given market

and manages to change the environment in a way that under the new circumstances a

more desirable outcome emerges as a result of interaction between agents, it is possible

to regulate the situation while avoiding the prohibitive costs of direct intervention.

There is plenty of room for future research on the topic of this paper. Besides in-

vestigating the e�ects of transaction costs under di�erent coalition formation models,
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another interesting extension of the model is a version when the transaction costs are

endogeneous. For example, there is a set of players - lawyers, professional managers or

supervisors - that provide binding agreements and the price is determined by the supply

and demand of these services. Studying coalition formation with endogeneous agreement

costs would lead to a better understanding of situations where government interventions

targeted at the reduction of transaction costs are justi�ed.
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A Appendix

A.1 Balanced collections and the Bondareva-Shapley Theorem

To prove Proposition 2 and Lemma 3 I use the concept of balanced collections and apply

the Bondareva-Shapley Theorem. For the Theorem, see Shapley (1967) and Bondareva

(1963). In this Appendix I use the notation of Peleg and Sudhölter (2003) for balanced

collections.

De�nition 8. Let N be a set with |N | = n. Then for any S ⊆ N , the characteristic

vector of S is χS ∈ RN such that

(χS)i =

 1, if i ∈ S

0 otherwise

De�nition 9. A collection B of subsets of N is balanced if there exist positive balancing

weights δS such that ∑
S∈B

δSχS = xN

Theorem (Bondareva-Shapley Theorem). Let (v,N) be a characteristic function game.

Then the core of the game is nonempty if and only if there is no balanced collection B

such that ∑
S∈B

δSv(S) > v(N).

A.2 Proof of Proposition 2

Proof. If there is a stationary SPE in σ(v,N) where the outcome is N , then there is no

coalition S ⊂ N such that (1) holds. If there is, then N cannot arise in a stationary SPE

as the proposer has an incentive to propose S instead of N and in that subgame the

responders' best reply is to accept it. Now I show that if there is no coalition S such that

1 holds, the core of the game must be nonempty.

The condition 1 implies that there is no coalition S with size |S| = s such that for a

balanced collection B with weights (δS)S∈B consisting only coalitions of size s, we have

v(N) <
∑
S∈B

δSv(S). (4)

The facts that the game is symmetric and 4 holds for all coalition size s implies that there

is no balanced collection B with weights δS such that 4 holds. By the Bondareva-Shapley

Theorem it means that the core of (v,N) is nonempty. �
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A.3 Proof of Lemma 3

Proof. By the Bondareva-Shapley Theorem, we know that for all games with an empty

core there is a balanced collection B with a weight system (δS)S∈B ≥ 0 such that

v(N) <
∑
S∈B

δSv(S). (5)

First I show that there must be a balanced collection B with weight system (δS)S∈B sat-

isfying 5 such that δS = 0 for all |S| = 1. Due to superadditivity, there is no (B, δS)

system satisfying 5 where only singleton coalitions have positive weights. As a conse-

quence, if there exists (B, δS) satisfying 5, it must have positive weight on a coalition S

with |S| = k > 1. Now it is easy to see that for a balanced system (B′, δ′S), where all

S ∈ B′ has |S| = k, we have∑
S∈B′

δ′Sv(S) ≥
∑
S∈B

δSv(S) > v(N).

That is, to prove the lemma it is enough to show that there is a cost t such that

v(N)− t ≥
∑
S∈B′

δS(v(S)− t) (6)

is true for all S with coalition size s. Given that B′ only contains coalitions with a size

of k, the balanced system (B′, δ′S) consists of
(
n
k

)
coalitions of size k and each player is

exactly in
(
n−1
k−1

)
di�erent coalitions, therefore the weights are 1

(n−1
k−1)

. Condition 6 takes the

form

v(N)− t ≥
(
n

k

)
· 1(

n−1
k−1

)(v(S)− t)

v(N)− t ≥ n

k
v(S)− n

k
t

Even if v(N) < n
k
v(S) due to emptiness of the core, if

t ≥ nv(S)− sv(N)

n− s
, (7)

then the core of the game (vt, N) is nonempty. �

A.4 Proof of Proposition 6

Proof. Note that a vector of transaction costs t is surplus-improving if it restores the grand

coalition as outcome and the total surplus in the outcome of game σ(Vt, N) is higher than
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in the outcome of game σ(V,N). It is easy to see that condition (3) is necessary and

su�cient for the increase in total surplus. It is enough to show that condition (2) is

necessary and su�cient for restoring N as the outcome of the coalition formation game

σ(Vt, N).

For necessity, assume that (2) does not hold, that is,

V (S, πt)− t|S|
|S|

>
V (N,N)− tn

n

for some πt outcome. This means that there is a SPE in σ(Vt, N) where the outcome

is πt conditional on the formation of S after the �rst proposal such that member of S

have higher payo� than they would get in N . Therefore the members of S still have an

incentive to form S instead of the grand coalition and t does not restore N as the outcome

of σ(Vt, N). This proves necessity.

For su�ciency, I show that if (2) holds, then there is a t such that N is the outcome of

σ(Vt, N). Assume that (2) holds and consider the vector t of transaction costs such that

ti =


0 if i = 1

t|S| if 1 < i ≤ |S|

tn if |S| < i ≤ n

Now I show that there is no coalition T such that

V (T, πt)− t|T |
|T |

>
V (N,N)− tn

n
. (8)

Assume there is a coalition T such that (2) holds. Due to symmetry and (2), |T | cannot

be equal to |S|. It is also impossible that |T | > |S| since

V (T, πt)− tn
|T |

>
V (N,N)− tn

n

implies
V (T, πt)

|T |
>
V (N,N)

n
+

(
tn
|T |
− tn
n

)
.

Since the term in brackets is positive, that implies that the average payo� in T is higher

than in N , which means that T is a potential responsible coalitions. That contradicts

the assumption that (2) holds for all potential responsible coalitions. |T | < |S| is also

impossible due to similar reasoning as above.

Therefore (2) is su�cient for restoring N as an outcome of σ(Vt, N). �
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