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Abstract

The paper investigates the possibility, �rst suggested by Avinash Dixit and

Mancur Olson (2000), that the Coase Theorem may be inconsistent with natural

notions of voluntary participation. Retaining Dixit and Olson's de�nition of

voluntariness, we consider bargaining over the provision of club goods. Although

property rights are well de�ned and there are no transaction costs, we provide

examples in which the unique equilibrium outcome is ine�cient under a variety

of bargaining protocols. The reason is that some agents may pro�t from not

participating at the club good provision stage, but instead negotiate access ex

post.
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1 Introduction

A modern statement of the Coase Theorem is that voluntary bargaining su�ces to

attain e�cient outcomes if (i) property rights are well de�ned and perfectly enforced,

(ii) parties have complete information, and (iii) negotiation is costless.1 The theorem,

which is based on arguments by Coase (1960), is rarely stated formally and has never

been proven in full generality, yet is usually held to be true.2 However, Dixit and

Olson (2000) argue with the help of nonexcludable public goods examples that if the

voluntariness requirement is taken seriously, the e�cient outcome is only one of many

possibilities, and not a particularly likely one. The basic idea is that a free rider will

always obtain higher utility than do public good providers.

Defenders of the Coase Theorem may object that the nonexcludable public goods

example is inadmissible, because it violates the condition that property rights are well

de�ned. In particular, owners do not have exclusion rights. Another objection is that

Dixit and Olson's game has e�cient equilibria, and it is somewhat unclear why players

are unable to coordinate on these outcomes.

In this paper we take Dixit and Olson's approach a small but crucial step further

by o�ering a related set of excludable public goods (i.e., club goods) examples in which

all equilibrium outcomes are ine�cient under the Coasean assumptions. By focusing

on club goods, we respect the property rights prerequisite. Since our game does not

have e�cient equilibria, we eliminate the coordination problem. Thus, under Dixit and

Olson's de�nition of voluntariness, the Coase Theorem is false.

To �x ideas, consider the following example. Two families live on an island without

1The original formulations of the Coase Theorem were less restrictive. The complete information

prerequisite was introduced after Myerson and Satterthwaite (1983) showed that incomplete informa-

tion can lead to unavoidable e�ciency losses.
2Coase's claim was baptised as theorem by George Stigler. For examples of its widespread accep-

tance among leading microeconomists, see for example Mas-Colell, Whinston and Green (1995, page

357) and Hart (1995, page 32).
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electricity.3 Both households would like to have an electricity cable to the island.

Suppose cables come in one size but in two qualities. Each family values the high

quality cable at 24 and the low quality cable at 20. The price of the low quality cable

is 25 and the price of the high quality cable is 32.

The jointly optimal outcome for the two families is to buy the high quality cable,

because the total net bene�t of 2 � 24 � 32 is greater than the total net bene�t of

2 � 20� 25. Supposing that the families have equal bargaining power, each family gets

a net surplus of 8 under the e�cient agreement. But the e�cient agreement may not

come about. Suppose one of the families, say family A, irrevocably refuses to contribute

anything to the purchase of the cable, relying instead on family B to purchase the cable

by themselves { both families foreseeing that nothing prevents them from engaging in

a new round of negotiations regarding access once the cable is in place. Sticking to the

previous bargaining assumption, so that ex post negotiations also lead to an equal split

of the available net surplus of 20 (the value of access to family A), it is straightforward

to compute the outcome under this scenario. If family B buys the high quality cable,

family B's surplus becomes 24�32+24=2 = 4. If instead family B buys the low quality

cable, its surplus is 20 � 25 + 20=2 = 5. Hence, it prefers to invest in a low quality

cable, thus failing to maximize joint surplus. It now only remains to check that family

A is wise to refuse an initial agreement. By refusing, family A's net payo� becomes

20=2 = 10; which is greater than the 8 that it would get under the e�cient initial

agreement.

E�ectively, the situation boils down to a game of Chicken. Each family has the

choice of participating at the investment stage, strategy P, and not participating, strat-

egy N. The associated payo�s are depicted in Figure 1.

3In the Stockholm archipelago, there are many islands like this - with two summer houses and no

electricity. One of the authors used to rent one such house. Recently, the owner of the other house

wanted to have electricity, but the author's landlord did not want to chip in. The �nal outcome is

eagerly awaited.
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P N

P 8; 8 5; 10

N 10; 5 0; 0

Figure 1: The participation decision

The game has two pure strategy equilibria, (P,N) and (N,P), and one mixed strategy

equilibrium, but only the non-equilibrium outcome (P,P) is e�cient.

While the example is stylized, we think that the situation is both generic and

economically important. Much private infrastructure, such as telecommunication net-

works or ATM networks, are essentially club goods, and there are many examples in

which access is negotiated after the infrastructure is in place, sometimes by �rms that

previously refrained from participating at the investment stage.

Does our analysis disprove the Coase Theorem? We think one might as well ask: Is

the Dixit-Olson voluntariness de�nition the most reasonable? The essential properties

of their de�nition are: (a) It is possible to commit not to hear or respond to others'

contract o�ers for as long as one may wish. (b) Such a non-participation commitment

precludes making an own pre-emptive contract o�er. We think that Property (a) ought

to be uncontroversial. Property (b) is more debatable. In Section 4, we briey discuss

the consequences of dropping it.

Before articulating the model more generally, let us relate our analysis �rst to the

classical informal arguments in favor of the Coase Theorem and then to the more

abstract and formal work on coalition formation games.

Coase's (1960) celebrated analysis was based on a set of numerical examples con-

cerning externalities between two agents. All of them considered negative externalities,

so free riding was never an issue. The subsequent literature soon came to treat positive

externalities analogously with negative externalities; see Cheung (1973) and Johnson
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(1973). A typical illustration was the relationship between a bee keeper and the owner

of an apple orchard. The presence of bees is bene�cial for the apple farmer, and the

presence of apple trees is bene�cial for the bee keeper. According to Coase's logic,

the two parties ought to be able to negotiate their way to an e�cient size of both

operations. These examples di�er fundamentally from ours, because neither the ap-

ple farmer nor the bee keeper has any incentive to abstain from negotiations. In our

club good examples, abstention is caused by the substitutability between investments.

In the example of the bee keeper and the apple farmer, the two parties' investments

are not substitutes, but complements. Thus, the previous informal arguments are not

illogical, but incomplete: They fail to address a relevant class of situations, that of

positive externalities from substitutable investments.

A large literature on coalition formation games studies the issue of whether multi-

player bargaining under complete information always admits e�cient outcomes. As it

turns out, the answer depends on the formulation of the bargaining game as well as the

choice of solution concept. Authors taking a cooperative game approach noted that

the Core may fail to exist, and some took this as proof that the Coase Theorem fails

(Aivazian and Callen, 1981). The claim is invalid for the simple reason that a non-

prediction is di�erent from a failure prediction; for a version of this counter-argument,

see Coase (1981). Using other solution concepts, a rich subsequent literature has con-

structed coalition formation games that sometimes fail to have e�cient equilibria; see

for example Chatterjee et al (1993), Seidmann and Winter (1998), and Gomes and

Jehiel (2005). Recent work by Bloch and Gomes (2006) and Hyndman and Ray (2007)

explains how many of these ine�ciency results are caused by restrictive assumptions

concerning agents' ability to write binding contracts, ability to renegotiate such con-

tracts, or by restrictive concepts of equilibrium { notably Markov perfect equilibria.

Bloch and Gomes (2006) is perhaps most closely related to the present paper, ad-

dressing the consequences of exit possibilities when there are externalities between
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coalitions. A crucial di�erence is that Bloch and Gomes, like other work in this vein,

assume that there is always at least one contract proposal before any player is al-

lowed to exit the negotiation. This assumption e�ectively violates Dixit and Olson's

voluntariness requirement (Property (a)) and immediately implies that all bilateral

negotiations yield e�cient outcomes. On the other hand, Bloch and Gomes assume

that a player who exits cannot contract with remaining players. This feature is in line

with Dixit and Olson (Property (b)), and we believe that this aspect of voluntariness is

responsible both for the ine�ciency that we report and for the ine�ciency that arises

in Bloch and Gomes' multi-player games. However, the two approaches are su�ciently

di�erent that we cannot o�er a clean translation between them.

Finally, our analysis could inform the literature on incomplete contracts and prop-

erty rights, initiated by Grossman and Hart (1986). There, ine�cient outcomes are

due to agents' inability to write complete contracts. We show that, in the case of sub-

stitute investments, similar contractual incompleteness and ine�ciency may arise even

if the agents are able to costlessly write complete contracts. Temporarily refraining

from contracting may simply be a better strategy for an individual agent.

The paper is organized as follows. In Section 2, we consider a simple parametric n-

player simultaneous move club{formation game. We show that in equilibrium the club

will typically not comprise all n players, because some players are better o� negotiating

access to the club good ex post. As a result, there is underprovision of the club good.

In Section 3, we consider a sequential game in which each player has exactly one

opportunity to join the club. (Appendix 2 demonstrates that the results are robust

to the addition of more bargaining rounds.) Section 4 briey discusses whether there

might be other reasonable ways of specifying the contracting game such that e�ciency

is always assured. That is, is it likely that a Coase Theorem can be proved?
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2 The simultaneous membership model

A group of identical players are to decide on production of and access to a club good.

The game has three stages. At stage 1, all players independently and simultaneously

decide whether or not to join a club. At stage 2, the club members jointly decide on

their contributions to the club good, and the club good is produced.4 The contribution

of each club member is fully observable and club members can write binding and

enforceable agreements among themselves. Outsiders are unable to contract with club

members at this stage. At stage 3, the club negotiates with outsiders the terms under

which the latter are allowed access to the club good. Let N denote the set of all players

and M the set of members in the club, with n and m denoting the number of elements

in the respective sets. We assume that n is �nite and greater than 1. The key to all

our ine�ciency results is that some player has an incentive to stay outside the club in

any equilibrium, and that the club's investment incentive is therefore too small. We

focus on pure strategy equilibria. While the model also has equilibria in which players

use mixed strategies when making their entry decision at stage 2, these equilibria are

less e�cient than the pure strategy equilibria.

Each player is endowed with a �xed budget, b. The budget can be spent on private

goods or club goods. There is only one type of each good. Private goods have a �xed

quality and can be bought in any quantity at a constant price. The club good can

only be produced in a �xed quantity, normalized to 1;5 however the quality of the club

good is variable and depends on the sum of the players' contributions. Let ei denote

the contribution of player i to the club good.

4Like Dixit and Olson we assume that a player who does not join the club is committed not to

contribute to the club good investment. Indeed, attaining this commitment is the point of not joining.
5For example, the club good may require a speci�c and unique site. The restriction to one club

good simpli�es our analysis by allowing us to disregard investment by outsiders { investment that

might in principle be used to strengthen their bargaining position in ex post access negotiations.
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The quality of the club good is assumed to be �xed after stage 2. Thus, it depends

only on total stage 2 contributions. Since our primary aim is to provide a conterexample

to the Coase Theorem, and not to establish an alternative theorem, we adopt the simple

production function

q (e1; :::; em) =

8>><>>:
2

 X
ei

i2M
� "
!1=2

if
X

ei
i2M

� " � 0;

0 otherwise.

Note that " can be interpreted as the �xed cost associated with producing the lowest

possible quality. For most of the paper we assume for convenience that " < 1, which is

small enough never to threaten production. The utility of any player j is assumed to

be linear in the quantity of private goods and in the quality of the club good. In order

to avoid corner solutions, we assume that the budget b is large enough to ensure that

each player's marginal dollar is spent on private goods. Thus, player j's utility can be

written

U(ej; q) = q (e1; :::; em)� ej:

Note that the perfect substitutability of the players' e�orts implies that it is unimpor-

tant for overall e�ciency which set of players actually produces the public good.

While the club good is non-rivalrous in consumption, providers have enforceable

property rights to it. More precisely: each member of the provision club has access,

outsiders can be denied access, and the club can sell access rights. (These properties

de�ne club goods.)

Suppose for a moment, counterfactually, that the club members were forced to

deny access to any outsiders. The game would then only contain the �rst two stages {

club formation and negotiation among club members. Suppose that at date 0 exactly

m players were to enter the club. Since contributions are contractible among club

members, contributions would maximize their joint utility. If positive, the contribution
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of member i must thus solve the problem

max
ej

2m

 X
ei

i2M
� "
!1=2

� ej;

which implies that X
ei = m

2 + ":

Incentives to enter the club are a�ected by the club's cost-sharing arrangement. As

will become clear, asymmetric cost sharing makes it harder to attain full e�ciency.

Thus, for our purposes it su�ces to consider symmetric cost sharing. Under symmetric

sharing, the utility of each club member j is given by

U(ej; q) = m� "=m:

By staying outside the club, player j would instead get the reference utility of 0. Since

" < 1 � m, we see that j is better o� in the club than outside it. As the argument

holds for any m � 1; in a subgame-perfect equilibrium of this game everyone wants to

join the club and the production of the club good is socially e�cient.

However, the premise that the club will deny access to any outsiders is untenable.

Ex post there is always an incentive for the club to sell access to any willing outsider.

Therefore, we return to the original timing, allowing the club to bargain with the out-

siders at stage 3. Suppose that ex post bargaining gives the outsider a share � of the

gains from trade. That is, if at stage 2 the club produces quality Q, an outsider receives

a net utility of �Q and the club receives a payment of (1 � �)Q. Assuming symmet-

ric sharing of payo�s among club members, the game has the following equilibrium

outcome.

Proposition 1 The equilibrium size of the club is

m� = min

8<:n; integer
0@ n2 (1� �)2 + �2 � "

�2

!1=21A+ 1
9=; :
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Proof. First, derive the quality of club good produced at date 1, conditional on m

players having decided to join the club at date 0. Taking into account the outcome of

bargaining with n�m outsiders at date 2, the club of m members maximizes

2m

 X
ei

i2M
� "
!1=2

�
X

ei
i2M

+ (1� �)2(n�m)
 X

ei
i2M

� "
!1=2

(1)

subject to the non-negativity constraint. Since " < 1 the solution is interior and can

be written X
ei = (�m+ (1� �)n)2 + ": (2)

Thus the quality produced by a club of size m is

qm = 2 (�m+ (1� �)n) : (3)

From equation (2) it follows that the payo� of staying outside of club of size m is equal

to

UOutm = 2� (�m+ (1� �)n) : (4)

Given symmetric payo�s, the payo� of a member of a club of size m is

U Inm =
(�m+ (1� �)n)2 � "

m
: (5)

Now turn to the participation decision at date 0. A club of size m constitutes an

equilibrium if (i) no outsider wants to join, i.e., if

UOutm � U Inm+1; (6)

and (ii) no insider wants to leave, i.e., if

U Inm � UOutm�1: (7)

Let us assume for expositional simplicity that when the outsider is indi�erent, she

joins, while if the insider is indi�erent, she stays in the club. Substituting (4) and (5)

into (6) and (7) and solving the resulting system yields the optimal club size

m� = min

"
n; integer

 �
n2 (1� �)2 + �2 � "

�1=2
�

!
+ 1

#
;
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(see Appendix 1 for details). The quality of the club good produced in equilibrium q�

is given by formula (3) for m = m�:

We are now ready to characterize some of the properties of the equilibrium.

Proposition 2 The equilibrium size of the club m� and the equilibrium quality provi-

sion q� are weakly increasing in the size of the society n:

Proof. See Appendix 1.

The intuition is quite simple. For a given size of the club and a given quality of

the club good, a larger population means that the number of outsiders increases. This

raises the payo� of insiders while keeping the outsiders' payo� unchanged. Therefore

outsiders have additional incentive to join the club. At the same time, for a given club

size the insiders' marginal return from increasing provision and selling access goes up,

therefore amplifying the insiders' incentive to invest. If the additional player joins the

club, the latter e�ect can only be strengthened, because the cost per member goes

down.

Proposition 3 The equilibrium size of the club m� and the equilibrium level of club

good provision q� are weakly decreasing in the bargaining power of the outsiders �.

Proof. See Appendix 1.

For a given size of the club and quality level of the club good, higher bargaining

power of outsiders increases their payo� and lowers the payo� of the insiders. Therefore,

the marginal club member may now be better o� outside the club. For a given club size

the marginal return to quality investment goes down due to the increased bargaining

power of the outsiders. If any member leaves, the club invests even less, because the

leaving player ends up contributing less toward �nancing the marginal quality unit.

Proposition 4 In the simultaneous club formation game there exists a threshold b� < 1
such that for any � 2

hb�; 1i the unique subgame perfect equilibrium outcome is a club

size m� < n. In this equilibrium quality provision is ine�ciently low.
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Proof. Suppose that at date 0 player n expects all other n�1 players to join the club.

From formula (2) it follows that a club of the size n� 1 produces the quality

� (n� 1) + (1� �)n = n� �:

Thus if player n decides to stay outside, her payo� is

UOutn�1 = 2�(n� �):

If instead she decides to join the club of size n� 1 (so that it becomes the club of size

n), she gets the payo�

U Inn = n� "

n
:

Thus she prefers to stay outside if and only if

2�(n� �) > n� "

n
: (8)

As � 2 [0; 1], the expression 2�(n � �) reaches its maximum at �max = 1. For this

�max the inequality (8) becomes

2(n� 1) > n� "

n
;

or, equivalently

n > 2� "

n
: (9)

As long as " > 0; inequality (9) holds for any n � 2. By continuity, inequality (8) is

satis�ed for some segment
hb�; 1i. This, in turn, implies that for any � 2 hb�; 1i the

n-th player chooses not to join the club.

Again, the intuition is simple. As long as outsiders have enough bargaining power,

it is more tempting to stay outside than to join the club at date 0. If n and/or " is

large the critical bargaining power (the threshold b�) can in fact be quite low for free
riding incentives to preclude the e�cient outcome.
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While the results were derived under the assumption that club members divide

utility equally, ine�ciency can only get worse if asymmetric splitting is assumed. The

reason is that players who expect to carry more than the average burden have a stronger

incentive to stay outside. Asymmetric splitting can thus only be helpful in combination

with sequential moves at the club formation stage.

3 The single-round sequential membership model

To demonstrate that the ine�ciency is not due to simultaneous moves in the coalition

formation game, we now assume instead that the players enter the club formation

negotiations in a sequential order. At each stage, if no club was created before, player

i has a choice of organizing the club or staying outside. If the club is already created, the

organizer of the club bargains over entry with each new potential member i: If there is

agreement, player i joins the club; otherwise she stays outside. Finally, once all players

have had their opportunity to join, the club produces the club good whereafter the

club organizer bargains with the outsiders over access.

In the entry negotiations, the outside option of a potential entrant is the utility

she anticipates having from subsequent access negotiations. In the access negotiation,

on the other hand, the outside option is 0. In an alternating o�ers bargaining model,

Binmore, Shaked and Sutton (1988) shows that, when a player has a relatively good

outside option it enters as a constraint; the player gets exactly the outside option, but

no more. We therefore assume that each new member at the coalition formation stage

obtains the expected utility from access negotiations. It is as if the organizer makes a

take-it-or-leave-it o�er to the entrant. (This assumption also maximizes the incentive

for founding the club, and thus gives e�ciency its best shot.) Finally, in the access

negotiation the entrant's outside option is not binding. Instead, as before, we assume

that the entrant gets a fraction � of the surplus.
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Although the analysis becomes somewhat technical, the ine�cient outcome rests on

two elementary arguments. First, early movers may choose not to set up a club, relying

instead on later movers to do so. Second, for every player that the club's founder signs

up, it becomes more expensive to sign up subsequent players, as the value of their

outside option increases.

Lemma 1 If player 1 organizes the club, she signs up player n in any subgame-perfect

equilibrium.

Proof. For each branch of the game, let � denote the "history" of that branch - that

is, the collection of actions of players 1; :::; n along the branch. Let P (ij�) denote the

payo� of player i conditional on �; and let V (m) denote the aggregate payo� of a club

of m members.

Consider a game tree node X where player 1 makes an o�er to player n. Let �n�1

denote the "history" of this node - that is, the actions of players i 2 f1; 2; 3; :::; n� 1g :

In other words, �n�1 summarizes the o�ers from player 1 to players i 2 f2; 3; :::; n� 1g

and whether they accepted or rejected these o�ers. Suppose that m � n�2 players ac-

cepted the o�er along this game branch before it reached the node X; and letM (�n�1)

denote the set of players who accepted the o�er.

If player 1 wants to sign player n in, she must o�er player n at least her outside

option. Among the continuations of the game beyond node X at which player n joins

the club, the only candidate for SPNE is the one bringing n the minimum "joining"

payo�. A history �n�1 followed by this continuation is denoted �
In
n . All the continua-

tions of the game beyond node X at which player n does not join, are payo�-equivalent

for all participants, so we denote them all �Outn . The minimum payo� to sign in player

n is thus determined by the equation

P (nj�Inn ) = P (nj�Outn ): (10)
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Note that the payments to the club members i 2 M (�n�1) are already set when

the game reaches node X and do not depend on whether player n accept or rejects the

o�er. That is,

P (ij�Inn ) = P (ij�Outn ): (11)

Consider the di�erence between the maximum payo� of player 1 in case she signs

in player n and her maximum payo� in case she keeps player n outside:

P (1j�Inn )� P (1j�Outn ) =

0@V (m+ 1)� X
i2M(�n�1)

P (ij�Inn )� P (nj�Inn )

1A (12)

�

0@V (m)� X
i2M(�n�1)

P (ij�Outn )

1A :
Applying formulas (10), (11) to equality (12) transforms it into

P (1j�Inn )� P (1j�Outn ) = V (m+ 1)� V (m)� P (nj�Outn ): (13)

The payo� to the coalition of m members is

V (m) = (�m+ (1� �)n)2 � "; (14)

and the payo� of being outside such a coalition is

POutm = 2� (�m+ (1� �)n) : (15)

Using (14) and (15) to substitute for the terms in equation (13) yields

P (1j�Inn )� P (1j�Outn ) =
�
�2 (2m+ 1) + 2n�(1� �)� 2� (�m+ (1� �)n)

�
= �2 > 0:

That is, no matter how large the current club is, player 1 is always better o� by

signing in player n; than she is by keeping n outside.

The intuition is that when the club's founder bargains with the last potential mem-

ber, the founder is already committed and cannot escape. Since player n is willing to
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join if o�ered the utility emanating from staying outside, and since both parties can

gain from a higher quality level than that which will result if n does stay outside, the

founder will sign in player n.

However, a similar logic does not hold when player 1 negotiates with other players.

The reason is that each entering club member is associated with higher quality, and

thus improves outside options for subsequent potential entrants, making it more costly

for the founder to sign them into the club.

Lemma 2 If player 1 organizes the club, she does not sign up player n � 1 in any

subgame-perfect equilibrium.

Proof. Consider a game tree node X 0 where player 1 makes an o�er to player n � 1.

Similarly to above, denote by �n�2 the "history" of node X
0. Denote the set of players

who accepted the o�er along this game branch before it reached node X 0 byM 0 (�n�2),

with m0 being its cardinality.

Again, to sign player n� 1 in, player 1 should o�er player n� 1 at least her outside

option. According to Lemma 1, in any SPNE player n is always signed in. If player

n � 1 stays outside, in a SPNE player 1 signs in player n for the minimum payo�, so

that the �nal club size is m0+1. The respective game tree branch is denoted by �Outn�1.

If player n � 1 accepts the o�er, the subgame-perfect continuation implies a club of

m0 + 2 members. Again, among all the continuation games with both players n � 1

and n signed player 1 prefers the one where both n � 1 and n join for the minimum

acceptable payo�. This game branch is denoted by �Inn�1. So player n� 1 joins if she

is o�ered at least

P (n� 1j�Inn�1) = P (n� 1j�Outn�1): (16)

Again, like in (11) the payments to the club members joining the club prior to the node

X 0 being reached, i 2M 0 (�n�2) do not depend on the continuation of the game, so

P (ij�Inn�1) = P (ij�Outn�1): (17)
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Compare the payo� of player 1 along �Inn�1 and �
Out
n�1 respectively:

P (1j�Inn�1)� P (1j�Outn�1) =

0@V (m0 + 2)�
X

i2M 0(�n�2)[fng

P (ij�Inn�1)� P (n� 1j�Inn�1)

1A
�

0@V (m0 + 1)�
X

i2M 0(�n�2)[fng

P (ij�Outn�1)

1A ;
or equivalently,

P (1j�Inn�1)� P (1j�Outn�1) =
�
V (m0 + 2)� P (nj�Inn�1)� P (n� 1j�Inn�1)

�
(18)

�
�
V (m0 + 1)� P (nj�Outn�1)

�
;

where the last equality follows from (17). Substituting (16) into (18) we get

P (1j�Inn�1)� P (1j�Outn�1) = V (m0 + 2)� P (nj�Inn�1)

�
�
V (m0 + 1)� P (nj�Outn�1)

�
� P (n� 1j�Outn�1):

There are m0+2 club members along the game tree branch �Inn�1, so P (nj�Inn�1) can

be found from (10) setting m = m0+1. Similarly, m0+1 players join the club along the

path �Outn�1 and (10) for m = m0 determines P (nj�Outn�1). Finally, P (n � 1j�Outn�1) is the

outsider's payo� when the club consists of m0 + 1 members. Using these observations

as well as relations (14) and (15) we obtain

P (1j�Inn�1)� P (1j�Outn�1) = ��2 < 0: (19)

We make two observations before proceeding to the next step of the argument. First,

for a given parameters set, the payo� of player n is fully determined by the number of

players who join the club before she gets to choose, and not a�ected by their identity.

Second, Lemma 2 holds independently of the number of players who already agreed

to join the club prior to the node X 0 being reached. These two observations together

with backward induction allow us to extend the statement of Lemma 2 to all remaining

players i = n� 2; n� 3; :::; 2.
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Lemma 3 If player 1 organizes the club, she does not sign up player i = 2; :::; n � 2

in any subgame-perfect equilibrium.

Proof. As above, consider a game tree node X 00 where player 1 makes an o�er to player

n � 2. Lemmas 1 and 2 describe the SPNE continuation of the subgame starting in

node X 00. As the player n�1 does not join the club in any SPNE, she does not impact

on the allocation of the payo�s within the club. Thus, we can repeat the argument in

the proof of Lemma 2, replacing n � 1 by n � 2. As a result, we get an analogy of

property (19): Player 1 is better o� by not signing in player n� 2; because

P (1j�Inn�2)� P (1j�Outn�2) = ��2 < 0: (20)

The result for i = n� 3; :::; 2 is obtained in exactly the same way.

An immediate consequence of last three Lemmas is that whenever player 1 organizes

the club, the resulting club only consists of two players: player 1 and player n:

Corollary 1 As long as outsiders have some bargaining power, the grand coalition

never forms.

One might suspect that failure to form the grand coalition entails ine�ciency. Is

that correct, and if so how severe is the problem? To tackle the question, we proceed

to derive the pure-strategy SPNE of the game. So far, we have merely supposed that

player 1 chooses to organize the club, but would she do so in equilibrium? Clearly,

in making the decision player 1 compares the payo� of being a club organizer (and

signing player n only) to the payo� of staying outside and allowing subsequent players

to form the club. Let us therefore �rst derive the subgame perfect equilibrium of the

continuation game that follows if player 1 decides not to organize the club.

Again, once the player opts out of the club she does not inuence the subsequent

distribution of payo� in the club. Thus we can extend the logic of Lemmas 1, 2 and 3

to the case where player k gets to organize the club.
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Lemma 4 If players i = 1; :::; k � 1 choose not to participate in the production of the

public good, and player k < n organizes the club, she only signs in player n in any

SPNE.

It remains to investigate whether anybody but player n will be in the club, and if

so who. Consider �rst the node where player n� 1 gets her chance to organize a club.

If she chooses to organize the club, she becomes the residual claimant in a club of size

2, as players i = 1; :::; n� 2 have already chosen to be outside, and player n is going to

be signed in by Lemma (4): If instead player n � 1 chooses not to organize the club,

she receives the payo� of an outsider of a club of size m = 1; as player n obviously

would organize the club in this case (the alternative is to have no good produced at

all). So player n� 1 will choose not to organize the club if and only if

V (2)� POut1 � POut1 ;

where POut1 is the minimum payment required to attract player n. Using (14) and (15)

and simplifying, we �nd that player n� 1 will pass up the opportunity to organize the

club if and only if

n2(1� �)2 � " � 0: (21)

Now move one step backwards { to the node where player n � 2 gets to organize

the club. If she chooses to do so, she becomes the residual claimant of a club of size

2, as players i = 1; :::; n � 3 already chose to be outside, and only player n will be

subsequently signed (by Lemma 4): If she decides to opt out, there are two possible

continuation games depending on a parameter values: In the case that (21) holds, the

continuation game only has player n joining the club. Thus by opting out player n� 2

receives a payo� of an outsider of a club of size 1: Note that in this case the choice of

player n � 2 is exactly identical to the choice of player n � 1, and is also determined

by (21). As a result, player n� 2 chooses to stay outside too. By backward induction
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the same result holds for players n� 3; :::; 1. So for these parameter values the SPNE

of the game is highly ine�cient; the club consist of player n only, and the quality of

the club good is merely

q = 2 (� + (1� �)n) ;

as given by equation (3).

If instead the parameters induce player n� 1 to organize the club (so that (21) is

violated), by opting out player n� 2 becomes an outsider of a club of size 2. Thus she

opts out if and only if

V (2)� POut1 � POut2 : (22)

Using (14) and (15) and simplifying, we conclude that player n � 2 decides not to

organize the club if and only if

n2(1� �)2 � 2�2 � " � 0: (23)

Note that independently of the decision of player n � 2 the club that follows her

organization decision has 2 members: either player n� 2 and player n, or player n� 1

and player n: Thus the choice of player n � 3 in the node where she gets to organize

the club is also determined by condition (23). By backward induction, the players

n � 4; :::; 1 face the same choice as playern � 2; and consequently, make the same

decision. So if condition (21 ) fails but condition (23) holds, it is better to be an

outsider of a club of size 2, than to be its organizer. Thus, in the SPNE the club

comprises players n� 1 and n and produces

q = 2 (2� + (1� �)n) ;

according to equation (3).

If both (21) and (23) fail, each player i = n� 1; n� 2; :::; 1 prefers being a residual

claimant in a club of size 2 to being an outsider of a club of the same size. Thus, in

20



this case the club consists of two members, 1 and n; and again produces the quality q:

This completes our characterization.

Proposition 5 Let � 2 (0; 1). (a) If the outsider's bargaining power is su�ciently

high, i.e., if n2(1��)2�" � 0; the club consists of player n only and provides the quality

q = 2 (� + (1� �)n). (b) For intermediate values of �; satisfying n2(1��)2� " > 0 �

n2(1� �)2 � 2�2 � "; the club comprises players n� 1 and n and provides the quality

q = 2 (2� + (1� �)n) :(c) For lower values of �, the club comprises players 1 and n

and provides the quality q.

The intuition for why the club becomes so small under sequential negotiations is

that with each additional member signed up by the founder it becomes more expensive

to sign up subsequent members. A striking fact is that the grand coalition fails to

form even when the club's outsiders has very little bargaining power (� is close to

zero). The result is not as paradoxical as it �rst appears, because as � goes to zero the

equilibrium quality converges monotonically to the optimal level 2n. That is, even if

the equilibrium club size is small, the e�ciency level can be large.

In Appendix 2, we demonstrate that the above results generalize naturally to the

case of multiple rounds of negotiation.

4 Concluding remarks

Dixit and Olson (2000) asked whether voluntary participation undermines the Coase

Theorem. We �nd that the answer is a�rmative under their concept of voluntariness.

Private property rights in combination with costless bargaining fail to preclude free-

riding.

One objection to our conclusion is that a club might set up a constitution un-

der which subsequent trade with outsiders must occur on terms that extract all the
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outsiders' surplus. We think that this objection is intriguing, but does not necessar-

ily resolve the problem. If the club can make strategic commitments prior to access

negotiations, then the outsiders also should be able to make such commitments. As

Ellingsen and Miettinen (2008) show, such bilateral commitment games tend not to

have e�cient solutions.6

Another objection is that it is possible to imagine other de�nitions of voluntariness.

Speci�cally, assume now that a party that exits from negotiations can leave behind a

credible promise. To see why this matters, consider again the introductory example.

Suppose that family A, as it exits, leaves behind the promise that it is willing to make

a contribution of 1:5 towards any purchase of a high quality cable. If this contract is

binding, family B's net surplus becomes 4+ 1:5 = 5:5 if it buys the high quality cable,

which is preferable to 5. Family A's surplus in turn increases from 10 to 24=2� 1:5 =

10:5.

Unfortunately, this observation does not establish that the opportunity to make

pre-emptive promises ensures the existence of e�cient equilibria. Rather it raises two

questions: First, what happens if promises or other contract proposals always precede

any exit decision? Second, is the latter timing assumption compatible with sensible

notions of voluntariness?

Leaving the second question aside, we already have some partial answers to the �rst

question. Jackson and Wilkie (2005) show that when two players can make promises

before playing some normal form game, the resulting outcome is not generally e�cient.7

6To be precise, in the case of zero transaction costs and perfect commitment, it follows from

Ellingsen and Miettinen's (2008) analysis of bilateral bargaining that iterated elimination of weakly

dominated strategies admits only the outcome in which both parties demand the whole surplus { and

thus fail to agree.
7The analysis of Jackson and Wilkie (2005) is not quite conclusive, however, since they do not

prove that the game of promises has an equilibrium - only that any equilibrium, if it exists, will be

ine�cient.
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On the other hand, Ellingsen and Paltseva (2011) argue that optimal outcomes are

attainable in Jackson and Wilkie's setting if the players can not only make unilateral

promises, but can also propose and sign agreements before playing the normal form

game. (To us, allowing agreements seems crucial for evaluating the Coase Theorem.)

However, all these results concerning pre-play non-cooperative contracting apply only

to normal form games. It is not known whether e�ciency is also attainable when

players { as in our club goods example { are engaged in an extensive form game with

recurring negotiation opportunities along the path of play.

To summarize, Dixit and Olson have proposed a de�nition of voluntariness under

which we have shown that the Coase Theorem fails. Whether there are other sensible

de�nitions of voluntariness under which a Coase Theorem holds remains an open issue.
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A Appendix 1: Proofs.

A.1 Proof of Proposition 1.

Using (4) and (5) equation (6) takes the form

2� (�m+ (1� �)n) > (� (m+ 1) + (1� �)n)2 � "
m+ 1

: (24)

Solving for m yields the following restriction on the size of the club m:

m >

�
n2�2 + �2 � 2n2� + n2 � "

�1=2
�

(25)

Similarly, (7) can be rewritten as

(�m+ (1� �)n)2 � "
m

� 2� (� (m� 1) + (1� �)n) ; (26)

which, in turn, is equivalent to

m � 1 +
�
n2�2 + �2 � 2n2� + n2 � "

�1=2
�

: (27)

Recognizing that the equilibrium club size m� is a natural number between 1 and n,

we have

m� = min

"
n; integer

 �
n2 (1� �)2 + �2 � "

�1=2
�

!
+ 1

#
:

A.2 Proof of Proposition 2.

Denote

em =

�
n2 (1� �)2 + �2 � "

�1=2
�2

;

so that

m� = min [n; integer em+ 1] :
Note that if � is su�ciently close to 0; then em!1 and m� = n: Otherwise,

@ em
@n

=
n
�
1
�
� 1
�2

�
n2
�
1
�
� 1
�2
+ 1� "

�2

�1=2 > 0;
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and thus m� also (weakly) increases in n, the actual increase occurring when em 2 N.

According to formula (3)

q� = 2 (�m� + (1� �)n) ;

which immediately implies that q� also increases in n:

A.3 Proof of Proposition 3.

If � is su�ciently close to 0; then em!1 and m� = n, which does not change with �:

Otherwise,
@ em
@�

= � (n2 (1� �)� ")
�2
�
n2 (1� �)2 + �2 � "

�1=2 :
Note that whenever

n2 (1� �)� " > 0;

@ em
@�
< 0 and thus m� also (weakly) increases in �. Now consider the case when

n2 (1� �)� " � 0:

Then,

em =

�
n2 (1� �)2 + �2 � "

�1=2
�

<

�
� � "
�

�1=2
< 1:

Thus for all such em; m� = 1 and does not change with �: We conclude that m� always

(weakly) increases in �:

Rewriting (3) we get

q� = 2 (�m� + (1� �)n) = 2 (n� � (n�m�)) : (28)

As m� (weakly) decreases in �; so does the term �� (n�m�) and thus the entire

expression (28).
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B Appendix 2: Multi-round membership negotia-

tions. [Not for publication?]

An objection to the single-round membership negotiation model is that it precludes

relative losers, notably the last player, from making e�ciency-enhancing o�ers to the

relative winners at the club formation stage. What would happen if we added bar-

gaining rounds to the above game? Under some circumstances, e�ciency may then

be attainable. Suppose in particular that the decision to enter the club is irreversible,

whereas the decision not to enter is fully reversible. Then, it can be shown that the

unique subgame perfect equilibrium of the game entails full e�ciency provided that

there are su�ciently many bargaining rounds.

We think that this objection is inadmissible, as it contradicts the idea of voluntari-

ness. By adding rounds to the bargaining game, while insisting that the decision not

to enter is only binding over a single negotiation round, the modeller implicitly forces

reluctant players to participate in a negotiation that they may prefer to leave. In our

view, a more reasonable de�nition of voluntary bargaining is that the players have the

ability to exit the negotiation. In other words, a player ought to have the ability to

not make or take o�ers.

To formalize our argument, we assume that a modi�ed version of the above se-

quential game is repeated a �nite number of times K. Each player has K options to

move and within each round the moves are always in the same sequence. As above,

at each stage, if no club was created before, player i has a choice between organizing

the club or staying outside. Since the game is repeated, we need to make explicit our

commitment assumptions. We assume that the decision to organize or to join the club

is binding, whereas the decision to stay outside may or may not be binding. If player

i who chooses to stay outside at time t receives another o�er later in the game, or

chooses to organize a club (in case it is not created yet), she is free to do so. At the
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same time, players cannot be forced to sit at the bargaining table. That is, at her move,

in addition to the options of creating the club and staying outside, an uncommitted

player i can choose to exit the bargaining process until after date K, by which time the

good has to be provided.8 We refer to the three possible actions for an uncommitted

player as "in", "wait", and "exit". Observe that we do not allow players to make

conditional commitments to future choices. For example, it is impossible to commit

to exit at a future date unless some prerequisite has been ful�lled by that date. Any

promise or threat is credible only to the extent that it is actually desirable to carry it

out when the time arrives.9 Moreover, the option to leave the negotiation table may

also be available to the club's founder and not only to presently uncommitted players.

However, it is easily seen that the founder will not ever want to exit negotiations, either

before or after date K. If the founder exits the negotiation before interacting with all

players, she loses some potentially valuable members; if instead she exits after date K

but before having negotiated with all outsiders, she loses revenues from selling access.

Except for the distinction between waiting and exiting, which could not be made

in a single-round framework, everything is as before: The organizer of the club makes

unconditional monetary o�ers to the potential members, and once the club is created

(that is, either the �nal period of the game is over or every player committed to join

the club or to exit), the organizer bargains with any remaining outsiders over the terms

of access.

As it turns out, the case of K = 2 rounds contains virtually all the insights of the

8The assumption that there is a speci�c provision date greatly simpli�es the analysis.
9In our introductory example, e�ciency can be attained by letting family B commit to only take

part in provision if A also does so. The problem is that carrying out such a commitment is typically

not credible once it is clear that family A will not be providing. (This is not to say that conditional

commitment is always impossible. In some cases one party has a strong reputation or can rely on other

sources of authority. For a general analysis of which outcomes can be attained under this assumption,

see Segal,1999.)
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general case. Moreover, the �nal outcome in the K = 2 case is identical to the K = 1

case.

Lemma 5 If player 1 chooses to organize the club at her �rst move, then players

2; :::; n � 1 choose to exit in the �rst round of the game and player n joins the club.

Thus, the resulting club consist of players 1 and n only.

Proof. Consider the choice of player n at her �rst opportunity to move, that is, at the

end of the �rst round. First, suppose that by this time every player 2; :::; n�1 already

either joined the club or exited. Assume that the number of club members is given

by m. Then if player n chooses to exit, nobody joins the club in the next period and

thus player n becomes an outsider of a club of size m with the payo� POutm . If player n

waits, she gets signed in the second round of the game for the payo� of POutm and the

resulting club size is m + 1. Thus, as above, player 1 signs in player n for the payo�

of POutm and the resulting club has the size m+ 1:

Suppose now that a set of players W � f2; :::; n� 1g waited in the �rst round. Let

j = maxW: Again, assume that the current club has m members. If player n exits, by

Lemma 1 player j gets signed up in the second round of the game for the payo� POutm .

Thus the resulting club consists of m + 1 members and, being an outsider, player n

receives POutm+1. If player n waits instead, she will get signed up in the second round of

the game, receiving POutm < POutm+1: (We know from the single-round game that neither

player j not any other player who waited will be signed up in the last round.) That is,

for player n in round 1 waiting is strictly dominated by exiting. Thus, to sign player n

at the end of the �rst round costs POutm+1: If player 1 chooses to do so, she continues by

signing player j in the second round for the payo� POutm+1. The resulting club consists

of m+2 members. Therefore, the di�erence between the payo�s of player 1 when she

signs player n in the �rst round and when she does not is given by

�
V (m+ 2)� POutm+1 � POutm+1

�
�
�
V (m+ 1)� POutm

�
= ��2 < 0: (29)
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Thus, in this case player 1 does not sign player n in the �rst round, and player n

chooses to exit. Player j gets signed in the second round and the resulting club again

consists of m+ 1 members.

We proceed to the choice of player n � 1 in the �rst round of the game. Suppose

m players joined the club before player n� 1 gets her �rst move. If she exits, we have

just shown that in the continuation of the game player 1 signs in one more player for

the payo� of POutm . The resulting club will consist of m+ 1 members and player n� 1

receives POutm+1.

If player n � 1 waits, then player n exits in the �rst round and player n � 1 gets

signed in the second round for the payo� POutm < POutm+1, so player n� 1 never chooses

this strategy: Thus, to sign in player n�1 in the �rst round player 1 has to pay POutm+1.

If she signs player n� 1; the club expands to m+1. As we shown above, player 1 then

proceeds by signing in one more player for the payo� of the outsider of the club of size

m+ 1, POutm+1: Therefore, the net bene�t to player 1 from signing player n� 1, is again

given by expression (29). We see that it is too costly for the player 1 to sign player

n� 1 in the �rst round. Thus, player 1 does not sign in player n� 1; and player n� 1

chooses to exit.

By backward induction the same result holds for players n�2; :::; 2. To summarize,

along the branch where player 1 organizes the club, players 2; :::; n� 1 exit at the �rst

round, and player n joins the club.

The result continues to hold when the club is organized by player i; 1 < i < n:

Lemma 6 If player i, 1 < i < n; chooses to organize the club at her �rst move, the

resulting club comprises only player i and player n. Players 1; :::; i� 1; i+ 1; :::; n� 1

exit in the �rst negotiation round.

Proof. This result follows from two observations. First, it can be proven exactly along

the lines of the Lemma 5, that players i+ 1; :::; n� 1 choose to exit.
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Suppose that each player 1; :::; i� 1 has chosen to exit too. Then we showed above

that player n joins the club, so that the resulting club consists of player i and player

n.

Suppose now that a set of players W 0 � f1; :::; i� 1g waited in the �rst round. Let

k = maxW 0: Then player n exits in the �rst round, and the second round of the game

results in the club consisting of player i and player k: Therefore, player k receives the

payo� of an outsider of the club of size 1: But by choosing to exit, she would get the

payo� of an outsider of the club of size 2: Thus, in equilibrium player k never prefers

waiting to exiting, which contradicts the de�nition of player k.

The situation may potentially be di�erent when player n gets her �rst chance to

organize the club. To analyze the resulting equilibria, we consider three cases depending

on the parameter values (n; �; "): These three cases are motivated by the one-round

game of the previous section. Denote by POrg2 the payo� of the organizer of club of

size 2;

POrg2 = V (2)� POut1 ;

where POuti denotes the payo� of an outside of a club of size i; recall formula (15).

Case 1.

Assume that the parameters n; � and " satisfy the inequality

n2(1� �)2 � 2�2 � " > 0: (30)

This case corresponds to the equilibrium of the one-round game when the club consists

of players 1 and n: As we have seen above, in this equilibrium the payo� to an outsider

of club of size 2 is below the payo� to the organizer of the club of size 2;

POrg2 > POut2 : (31)

There are three possibilities: First, assume that every player 1; :::; n� 1 has chosen

to exit. Then in equilibrium player n chooses to be the single provider of the public

good, and players 1; :::; n� 1 get the payo� of an outsider of club of size 1:
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Second, suppose that only one player h 2 f1; :::; n� 1g waited. If player n chooses

to organize the club, she signs in player h, creates the club of size 2 and gets POrg2 .

If she chooses not to organize, but does not exit, she gets signed in by player h in

the second round for the payo� POut1 (as the alternative would be to be an outsider

of club of size 1). If she exits, she also receives POut1 ; which is less than POut2 . By

assumption (31) player n chooses to organize the club in the very �rst round, if she

gets this opportunity.

Third, assume that there are more than one player 1 � h1; :::; hj < n that have

waited (and the remaining players exited). The only di�erence with the previous case

appears when player n chooses to exit. In this case by the argument of the previous

section the remaining players organize a club of size 2 in the second round and player

n receives POut2 . But due to the assumption (31) this option is dominated by her

preferred choice - to organize the club.

Now let us return to the options of the player n � 1: If she does not organize the

club, it follows from the above discussion that her payo� is at most that of an outsider

of a club of size 2: If she organizes the club (of 2 members), she receives POrg2 > POut2

by assumption (31). Thus, player n� 1 would choose to organize the club in the �rst

round, if ever given this opportunity. By the same logic we see that for this set of

parameters the equilibrium is characterized by player 1 organizing the club of size 2 at

the very �rst round, players 2; :::; n � 1 immediately exiting and player n joining the

club. That is, for this set of parameters the outcome of the two-rounds game exactly

replicates the outcome of the one-round game.

Case 2.

Assume now instead that

n2(1� �)2 � " > 0 � n2(1� �)2 � 2�2 � ": (32)

In this case the payo� of an outsider of a club of size 2 is higher than the payo� of the
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organizer of the club of size 2; which is in turn higher than the payo� of an outsider of

the club of size 1 :

POut2 > POrg2 > POut1 : (33)

In the equilibrium of the corresponding one-stage game, the club consists of players

n� 1 and n.

Again, we consider three possibilities: If every player 1; :::; n� 1 has chosen to exit,

then in equilibrium player n chooses to be the single provider of the public good. Then

players 1; :::; n� 1 get the payo� POut1 :

Suppose now that only one player h 2 f1; :::; n� 1g waited. If player n organizes

the club, she signs in player h into the club of size 2 and gets the payo� POrg2 . If n

chooses to wait, she gets signed by h in the second round and receives the payo� of

an outsider of the club of size 1: If n exits, she also receives POut1 : Also in this case,

by assumption (33) player n chooses to organize the club in the very �rst round if she

gets this opportunity.

The di�erence with the previous case arises when there are more than one players

1 � h1 < ::: < hj < n that have waited (while the other players exited). If player n

chooses to exit, players hj�1 and hj organize the club of size 2 in the second round.

Therefore player n receives POut2 , which, by assumption (33) exceeds her payo� under

the other two options. Thus, player n exits in this case. Now let us move backwards. In

round 2, player hj joins the club and receives no more than the maximum of the payo�

of the organizer of club of size 1 (if she is the only one to join) and that of an outsider

of the club of size 1 (if she is the last one to join the club of size 2). Suppose that

instead of waiting, player hj exits in the �rst round before player n gets to move. As

there was at least one more person h1 who has chosen not to organize the club and not

to exit, player hj receives P
Out
2 . By assumption (33) she thus exits in round 1, which

contradicts the de�nition of hj. More generally, in equilibrium no player i = 1; :::; n�1

chooses to wait if any of her predecessors waited.
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Now consider the options of the player n� 1: If everyone exited before, she chooses

to organize the club, as this brings her POrg2 , while alternative options bring her POut1 .

If instead there is a player h1 < n� 1 who already has chosen to wait, we are back to

our discussion of the incentives of the player hj for hj = n�1. Thus in this case player

n� 1 exits and receives POut2 :

Let us proceed backwards. If player n � 2 exits, she gets the payo� POut2 : If she

organizes the club, she signs up player n and receives the payo� POrg2 , which is below

the payo� of the exit option. Finally, if she waited (which she would only do if all

players 1; :::; n � 3 exited), she gets signed in the club by player n and receives the

payo� POut1 : Thus, player n � 2 chooses to exit. By backward induction, so do the

players n�3; :::; 1. Thus, in the resulting equilibrium players 1; :::; n�2 exit and player

n� 1 organizes the club of size 2 by signing player n already in the �rst round: Again,

this equilibrium outcome exactly replicates that of the single-round game.

Case 3.

Finally, assume that

n2(1� �)2 � " � 0: (34)

In the single-round game, the club in this case consists of player n only, and the payo�

of the outsider of club of size 1 exceeds the payo� of the organizer of the club of size

2;i.e.,

POut2 > POut1 > POrg2 : (35)

Thus, no player wants to be the club organizer, as this brings the lowest payo�.

If every player 1; :::; n� 1 has chosen to exit, then in equilibrium player n chooses

to be the single provider of the public good. Then players 1; :::; n � 1 get the payo�

POut1 :

If there is any player h 2 f1; :::; n� 1g that has chosen to wait, player n chooses

to exit. By assumption (35) she does not want to organize the club. If she stays, the

SPNE of the one-stage game will force her to do so in the second round.
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Thus, staying outside without exit entails a loss of the �rst mover advantage { if

player h < n has chosen to stay, every player h + 1; :::; n immediately exits. On the

other hand, an early exit insures the player the payo� of an outsider of the club of size

1: In the respective equilibrium players 1; :::; n � 1 exit in the �rst round of the game

and player n organizes the club of size 1.

So we demonstrated that in the SPNE of the 2-rounds game every player makes

a binding decision already by the end of the round 1 and the respective equilibrium

outcomes exactly replicate the ones of the one-round game: By backward induction,

the same is true for a game with any �nite number of rounds K:

Proposition 6 In the multi-round sequential game with a �nite number of rounds, the

grand coalition never forms if n > 2. If n = 2, the grand coalition may or may not

form, depending on parameters. In either case the equilibrium size and composition of

the club, as well as the club good provision level, replicate the outcomes of the one-stage

game.

In some respects, Case 3 above is perhaps the most important. It identi�es param-

eters such that the grand coalition fails to form even when n = 2. Since the scope for

varying the extensive form is quite limited in bilateral bargaining games, we are con�-

dent that the two-player counterexamples to the Coase Theorem are highly robust. For

the sake of concreteness, suppose that n = 2, � = 1=2; and " 2 (1; 9=4); satisfying the

inequality that de�nes Case 3. (Moreover, even though " > 1, it is easy to check that

the solution remains interior.) For all our three extensive forms, the only equilibrium

outcome is for one of the players to provide the club good and invest in quality q = 3,

instead of the optimum quality q = 4; both numbers follow from equation (3). Under

the chosen parameters, we believe that this is the unique kind of equilibrium outcome

of any bargaining game with voluntary participation: Both players cannot be better

o� as joint providers than as lone outsiders, and each player prefers being the lone

provider to having no provision.
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