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Abstract. This paper clarifies and synthesizes elements of the two decade old debate concerning the Coase

theorem and the empty core. Five lessons can be derived from this debate. First, the Coase theorem may break

down when there more than two participants (provided the additional participants bring an additional externality to

the table). Second, the problem of the empty core does not disappear in a world of positive transaction costs. Under

reasonable assumptions about the transactions technology, transaction costs may well exacerbate the empty-core

problem. As a consequence, it is important to differentiate between transaction costs (when the core exists) and

costs due to the empty core because each has different implications for rationalizing institutional arrangements.

Third, the Coase theorem will not break down when the number of participants increases if the new participants do

not bring additional externalities with them. If, however, additional participants bring in additional externalities,

then the core may be empty and Pareto efficiency may not emerge from costless negotiations. Fourth, Pareto

Optimality can be achieved when the core is empty by judicious use of penalty clauses, binding contracts, and

constraints on the bargaining mechanism. Fifth, when a non-excludable public good is involved, a free-rider

problem arises as the number of agents increases, and this undermines the Coase theorem; in this case, Coasean

efficiency requires the participation of all agents affected by the externality in the writing of binding contracts.

JEL classification: D23, D62, K12.

‘‘The Coase ‘theorem’ needs much repair when there is an empty core. . . Coase’s
elaborate analysis in his comment (1981) fails to come to grips with the issues

raised by this example. . .’’ Telser (1994, p.161)

1. Introduction

The purpose of this paper is to clarify and the synthesize the elements of the debate

initiated by Aivazian and Callen (1981) [henceforth A-C] concerning the Coase theorem

and the empty core. It is important to clarify the assumptions and analyze the robustness of

the Coase theorem because it continues to be a central paradigm for economists, and public

choice and legal scholars. What have we learned from the empty core debate and the

literature it has generated? There are essentially five lessons to be derived from this debate.

First, the Coase theorem may break down when there are more than two participants

(provided the additional participants bring an additional externality to the table) because

the core of the negotiations may be empty under one set of liability rules and non-empty

under another set of liability rules. This empty core argument is the original A-C insight.
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Second, as we demonstrate in this paper, the problem of the empty core does not disappear

in a world of positive transaction costs. Under reasonable assumptions about the trans-

actions technology, transaction costs may well exacerbate the empty-core problem. As a

consequence, it is important to differentiate between transaction costs (when the core

exists) and costs due to the empty core because each has different implications for

rationalizing institutional arrangements. Third, Pareto Optimality can be achieved when

the core is empty by judicious use of penalty clauses and binding contracts. Fourth, the

Coase theorem will not break down when the number of participants increases if the new

participants do not bring additional externalities with them. If, however, additional

participants bring in additional externalities, then the core may be empty and Pareto

efficiency may not emerge from costless negotiations (undermining the Coase theorem).

Constraints on the bargaining mechanism (which limit bargaining to certain sub-coalitions)

may be yet another way of achieving Pareto efficiency when there are multiple

externalities and the core is empty. Fifth, when a non-excludable public good is involved,

a free-rider problem arises as the number of agents increases, and this too undermines the

Coase theorem; in this case, Coasean efficiency requires the participation of all agents

affected by the externality in the writing of binding contracts.

The paper is organized as follows: Section II reviews the original A-C counterexample of

the Coase Theorem and Coase’s response. Section III introduces transaction costs and

shows that transactions costs may exacerbate the empty core problem. Section IVaddresses

the use of penalty clauses and binding contracts as solutions to the empty core problem.

Section V discusses the use of bargaining restrictions and binding contracts in the context

of multiple externalities and free rider problems. Section VI briefly concludes the paper.

2. The Coase Theorem and the Empty Core

The concept of the core has been central to economics at least since the time of Edgeworth.

In fact, a fundamental result in economics is that the perfectly competitive equilibrium is in

the core; thus, if the core is empty, there is no competitive equilibrium solution. Telser

(1994) provides a non-technical review of core theory. The argument that the Coase theorem

may fail to hold when the core of the bargaining game is empty was first raised by A-C.3

The Coase Theorem asserts that with zero transaction costs, the identical Pareto-efficient

allocation of resources will emerge regardless of the initial assignment of property rights.4

A-C examined this neutrality result using the concept of the core and presented an example

in which the theorem breaks down with three parties.5 A summary of the example and

Coase’s (1981) response follow.

Consider two factories A and B emitting smoke reducing the profits of a neighborhood

laundry C. Assume the characteristic function of this game is superadditive as follows:

V(A) ¼ $3,000 V(B) ¼ $8,000 V(C) ¼ $24,000

V(A,B) ¼ $15,000 V(A,C) ¼ $31,000 V(B,C) ¼ $36,000

V(A,B,C) ¼ $40,000
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where V(S) denotes (joint) profits. Notice that the Pareto-optimal outcome corresponds to

the grand coalition outcome V(A,B,C), where the externalities are fully internalized.

Suppose that the parties can negotiate costlessly. If C has the property rights to the air, then

A and B have the incentive to offer side-payments to C. However, the maximum bribe A

and B can jointly offer is only $15,000 but their combined liabilities are $16,000 (the gain

if A,B and C merge, namely, V(A,B,C)-V(C)). Thus, A and B close down and a Pareto-

Optimal allocation of resources obtains.6

Suppose on the other hand, that A and B are not liable for the pollution damages to the

laundry. C now has the incentive to offer side-payments to A or B, and perhaps to both, to

reduce their pollution activities. It is straightforward to show that all potential coalitions,

including the grand coalition, are unstable when A and B are not liable.7 A coalition is

unstable if the resulting allocation can be blocked by an alternative coalition, that is, there

is a threatened breakaway or objection to it. For example, suppose that the grand coalition

were to form; consider the following distribution of profits to A, B, and C: XA ¼ 4,750,

XB ¼ $9,750, XC ¼ $25,500, adding up to $40,000. Although each firm earns more than it

would by acting independently, there are many two-member coalitions which could block

this allocation. The two-member coalition of A and C with XA ¼ 5,000 and XC ¼ 26,000

is preferred by A and C to the grand coalition allocation above. All potential coalitions in

our example are unstable.

Since all potential coalitions in the example are unstable, the core is empty. The core

refers to allocations that are not dominated by what individual agents can achieve either

independently or as part of any other potential coalition. Formally, in a three-agent

scenario, a nonempty core imposes the following constraints on XA, XB and XC:

XA � VðAÞ; XB � VðBÞ; XC � VðCÞ ð1aÞ

XA þ XB � VðA;BÞ; XA þ XC � VðA;CÞ; XB þ XC � VðB;CÞ ð1bÞ

XA þ XB þ XC ¼ VðA;B;CÞ ð1cÞ

In this example, there are no allocations XA, XB, XC which satisfy all of these

constraints. Thus, the example shows that alternative liability rules may have an

asymmetrical impact on resource allocation when there are more than two parties to the

externality. When the factories are liable the Pareto-efficient outcome emerges, but when

the factories are not liable the core is empty and negotiations cycle without necessarily

converging to the grand coalition or any other specific outcome.

Although the A-C counterexample to the Coase Theorem is fairly straightforward, Coase

(1981) questions its relevancy. Much of Coase’s response concerns itself with the

instability of two party coalitions. He argues that, in spite of the fact that two-party

agreements are not stable, recontracting may lead in the limit to a specific division of

profits among the three firms. Therefore, since each firm knows exactly what its profits

will be in the two-party case, if only in the limit, this allocation of profits can always be

dominated by a judiciously negotiated three-party agreement.

This argument is both problematic in its own right and irrelevant. The problem is that

Coase’s limiting solution violates group rationality. In particular, in Coase’s limit,
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A obtains $4,333.33, B obtains $9,333.33 and C obtains $25,333.33. Thus, together A and

B obtain $13,666.66 < V(A,B); A and C receive together $29,666.66 < V(A,C); B and C

receive together $34,666.66 < V(B,C). Thus, group rationality is violated for all potential

coalitions. Moreover the limiting argument is irrelevant anyway because the A-C example

was constructed so that every two-party coalition earns overall profits (i.e., to all three

firms) of $39,000. This is in contradistinction to the grand (three-party) coalition in which

total profits are $40,000. Therefore, whether there is a specific division of the profits in the

limit or not, every two-party coalition can be dominated by the grand coalition. This is so

by the counterexample’s construction. In short, nothing is added to the analysis by the

limiting argument that is not already inherent in the example. The only real point of

contention is the instability of the grand coalition.

Before concluding this section, it is worth addressing a statement of Coase’s which is

potentially troublesome. He says, ‘‘It might be argued that no firm would withdraw from

this [grand coalition] arrangement to enter a two-party agreement since this would set in

motion a process which would lead ultimately to lower profits.’’8 This argument is not

convincing. First, it presupposes that group rationality prevails over individual rationality

and this is very much at the heart of the empty core problem. It may be rational from a

group perspective to form the grand coalition. It is equally rational for individual firms to

break away from the grand coalition if to do so makes them potentially better off. Why

should the firm break away from a grand coalition? Quite simply, because by forming a

separate coalition with another firm, both make more profits at the expense of a third party.

Rather than being irrational, such behavior is the essence of competition.9 Second, it is not

at all obvious how the grand coalition formed in the first place. While both A-C and Coase

have assumed that the recontracting process refers to the actual making and breaking of

contracts, that is only one interpretation of the empty core. Alternatively, as Coase

recognizes, the empty core may manifest itself in ‘‘proposals to be superseded by other

proposals.’’10 If so, the grand coalition may never form because no agreement is possible

and value-maximizing exchanges are indefinitely foregone.

3. The Empty Core and Transaction Costs

Coase (1981) suggested that the empty core problem disappears when there are transaction

costs. This section shows, contrariwise, that positive transaction costs may well exacerbate

the problem of the empty core.

Consider once more the A-C example of three firms and assume that the normalized

characteristic function is:11

VðiÞ ¼ 0 all i ¼ A;B;C; ð2aÞ

VðA;BÞ ¼ a; VðA;CÞ ¼ b; VðB;CÞ ¼ c ð2bÞ

VðA;B;CÞ ¼ d ð2cÞ

where a, b, c, d are positive constants and d > a, b, c. It can be shown quite readily that a
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necessary and sufficient condition for the core to be empty is12

d < 1=2ðaþ bþ cÞ: ð3Þ

Now let us impose a transaction cost structure on the negotiations. In particular, we shall

make the reasonable assumption that the costs of forming a coalition are convex in the

number of firms in the potential coalition.13 This means that the cost of coalition formation

increases at an increasing rate with the number of members in the coalition. This seems

reasonable since the number of communications channels needed to obtain agreement

among coalition members is also convex in the number of members of the coalition. To

simplify the analysis, we specify the convex cost function:

CðXÞ ¼ Xk for X > 1
0 for X ¼ 1

ð4Þ

where X is the number of firms in the coalition and k is a parameter, k > 1. With this cost

structure, the characteristic function of the negotiations becomes

VðiÞ ¼ 0 all i ¼ A;B;C 5ðaÞ

VðA;BÞ ¼ a� 2k; VðA;CÞ ¼ b� 2k; VðB;CÞ ¼ c� 2k 5ðbÞ

VðA;B;CÞ ¼ d� 3k 5ðcÞ

A necessary and sufficient condition for the core to be empty with these transaction costs

is:

d� 3k < 1=2 ða� 2k þ b� 2k þ c� 2kÞ ð6Þ

or, equivalently,

dþ 1=2 ½3ð2kÞ � 2ð3kÞ� < 1=2 ðaþ bþ cÞ ð7Þ

Noting that

1=2½3ð2kÞ � 2ð3kÞ� < 0 for k > 1 ð8Þ

and comparing inequalities (3) and (7) yields two immediate and important conclusions.

First, if the core is empty in the absence of coalition formation costs, then it is necessarily

empty with such costs.14 Second, even if the core is not empty in the absence of

transaction costs, coalition formation costs could force an empty core.15

It is wrong to conclude, therefore, that once transaction costs are introduced, then the

problem of the empty core disappears and a Pareto optimal solution obtains. Rather, in

such circumstances negotiations may break down more quickly and which specific
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coalition structure (the grand coalition or a proper sub-coalition) obtains cannot be

specified a priori. Even if transaction costs were to force an equilibrium, nothing insures

that the equilibrium is Pareto optimal.

It may seem difficult to distinguish empirically between institutional arrangements that

arise because of the nonexistence of the core from those that arise from the transaction

costs of bargaining when there is a core. After all, the nonexistence of the core will also

manifest itself in transaction costs, through the opportunity cost of (negotiation) time.

However, the fact that an empty core can arise in the absence of bargaining costs, although

these costs exacerbate the empty core problem, means that the costs generated by an empty

core are fundamentally different from the transactions costs of bargaining. Indeed, what is

unique about the empty core is that, in addition to direct bargaining costs, it gives rise to

costs such as the erosion of the value of the exchange opportunity as it is postponed or the

possibility of settling down to a non-Pareto optimal coalition (a proper sub-coalition).16

4. Penalty Clauses, Binding Contracts and Pareto Optimality

Coase (1981) writes that the grand coalition would be stable because all the parties could

and presumably would enter into contracts with time dimensions and penalty clauses

thereby precluding recontracting and the resulting instability problem. He goes on to say

‘‘If such provisions were included in the contract, A, B, and C would be able to enjoy

indefinitely their higher incomes and they would certainly have no objection to their

inclusion, if, without it, there would be ‘‘endless recontracting.’’17 While correct, this

contradicts the Coase Theorem. In the standard Coase scenario zero transaction cost

environment, penalty clauses, time limits and other contractual features are simply

irrelevant. In contrast, an empty core frustrates Pareto Optimal exchanges by eroding

the value of the exchange opportunity through either prolonged recontracting or by settling

on a non-optimal outcome. Therefore, the empty core does indeed rationalize the use of

penalty clauses in contracts to attain Pareto Optimality.

For example, judicious lump sum penalties imposed on all potential two-party coalitions

in the A-C counterexample solves the empty core problem and leads to Pareto Optimality.

The minimum such lump sum penalty (P) is $666.66 obtained by solving the linear

program:18

XA þ XB � 15;00� P; XA þ XC � 31;000� P; XB þ XC � 36;000� P

XA þ XB þ XC ¼ 40;000;

P � 0;XA � 0;XB � 0;XC � 0:

More generally, if the core is empty under one set of property rights and non-empty under

another, then institutional arrangements (e.g., specific property rights or contractual

provisions) such as time limits and penalty clauses may indeed be rationalized as enabling

Pareto Optimal transactions. Thus, the nonexistence of the core provides a further rationale

beyond transactions costs for specific contractual arrangements or penalty clauses in that
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these contracts may be useful in eliminating potential bargaining situations that defy

solution. In fact, such arrangements may evolve over time to optimally force a solution on

the bargaining process.19

Bernholz (1997) generalizes the Coase theorem and claims to solve the problem of the

empty core, as well as all collective action or Arrow-type cycling problems. His solution is

similar in spirit to the penalty clause argument. The key assumption he makes is that once

an agreement is signed it cannot be broken without the consent of all the parties. Thus,

once two parties enter into an agreement the only remaining question is whether they make

a new agreement including all three parties. Since such a second agreement can make all

three better off, the grand coalition forms and once formed it cannot come apart; there is no

other allocation that would receive unanimous agreement since no other allocation makes

all three better off.

Bernholz’s key assumption is that agreements are binding on all participants and can

only be changed by mutual consent. The only remaining issue therefore is whether, when

the core is empty, two players will enter into an agreement in the first place. After all,

when A is about to sign an agreement with B, C appears with a better proposal to A and

blocks the agreement, but then B appears with a better proposal to C, and so on.20

Although this is a logical possibility when the core is empty, Bernholz would argue that

instead of cycling forever, at some point people will sign an agreement. Putting aside for

the moment the issue of whether such an agreement is individually rational, it is true that

once an agreement is made, and given Bernholz’s key assumption requiring unanimity of

all parties to break or make an agreement, the game will proceed to the grand coalition.

Bernholz makes the ‘‘exit’’ option costly by imposing the requirement, in effect, that

individuals have to compensate their contract partner if they break the agreement.

Otherwise, such outside options could lead to cycling when the core is empty. The

Bernholz solution removes the possibility of cycling (after an initial agreement has been

signed) by reducing the profitability of exit from an agreement given that one has to fully

compensate one’s agreement partners. It becomes possible to break an agreement only if it

makes at least one party better off without anyone becoming worse off. In effect, such a

solution places damage clauses in agreements and changes the characteristic function of

the game; this way it insures that the grand coalition forms, conditional on the assumption

that an initial agreement has been made.

Bernholz has imposed more structure on the Coase theorem, but his solution is similar in

spirit to the argument that core theory can be useful in rationalizing specific institutional

arrangements. Thus, binding contracts may insure that the grand coalition forms.

Bernholz’s solution could be deemed equivalent to one party paying expectations damages

to the other for reneging on an agreement. Alternatively, penalties on two-party coalitions,

such as the lump sum penalty discussed earlier, would achieve a similar result and,

moreover, ensure core allocations. Thus, whether it is ‘‘stickiness’’ in agreements (once an

initial agreement has been signed) a la Bernholz or lump sum penalties imposed on two-

party coalitions, such mechanisms are ways of resolving the empty core; they complement

transaction cost explanations of contract provisions.

One troubling issue remains, however, with Bernholz’s solution. Under his scheme,

when party A is initially contemplating entering into an agreement with B, A knows that
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the agreement will reduce the value of her outside options; as a result she will demand a

pay off ex ante at least as great as what she could make in a possible agreement with C. In

other words an individual will demand a pay off at least as great as her (best) foregone

alternative. B looks at the problem from a similar point of view. But, if the core is empty,

this means that they may never settle. Bernholz claims that they will eventually settle and

commit, in effect, to restrict themselves only to offers that would make everyone better off.

In other words, coalitional rationality will ultimately dominate. But the question remains,

what would these ex ante agreements be like when the core is empty? It is hard to say, and

one can only speculate. It is possible that the payoff that A agrees to is some function

(e.g., average) of what she could make in the alternative sub-coalitions, or even the Coase

suggestion of $4,333.33. One thing is clear, however, that when the core is empty, if an

initial agreement is made between two (or among the three parties) it will violate

individual (or sub-coalitional) rationality.

5. Multiple Externalities, Free Rider Problems and Bargaining Restrictions

Mueller (2003) makes several interesting comments about the Coase theorem and the

empty core. He argues that there are in fact two (not one) externalities in the A-C example;

the additional one is between A and B since V(A,B) > V(A) þ V(B). He correctly

attributes the emptiness of the core in the A-C example to the existence of two externalities

rather than the existence of three agents; without the additional externality between A and

B, the core would exist in the A-C example. Thus, so long as there is only one externality,

the core will exist even as the number of polluters increases. However, the plausibility of

there being one externality declines as group size expands. As the original A-C example

illustrated, with even two externalities and three agents the core may not exist.

Mueller also argues that the empty-core problem is due to the attempt to eliminate

simultaneously multiple externalities with the help of but one liability rule.21 He goes on to

write:

Suppose, for example, that the property rights are with A and B, but that the law

allows C to close them if it pays just compensations. C offers the owners of A and

B $3,000 and $8,000 per annum in perpetuity if they cease to operate. They refuse,

demanding $15,000. If the matter went to court, should the court consider an

argument for awarding $15,000 on the grounds that A and B could earn that much

if they continued to operate and if they decided to merge? I doubt that any court

would entertain such an argument. Nevertheless, by including the value of the

coalition between A and B in the examination of the existence of the core, we have

given legitimacy to a threat by A and B to merge and eliminate one externality as a

hindrance to the formation of a coalition among C, A and B to eliminate another.

Conceptually, it seems preferable to assume that either A and B definitely will

merge, absent agreement with C, or they will not. If they will, negotiation is

between C and the coalition A, B and the Coase theorem holds since V(A,B,C) >
V(C) þ V(A,B). If A and B will not merge, . . . the theorem again holds.22
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Consider again the case where there are multiple externalities and where the core is

empty, as in A-C. Mueller correctly argues that if bargaining is constrained to be sequential

rather than simultaneous, so that negotiations between any pair of agents occur indepen-

dently of negotiations between other pairs, then the core will exist. Thus, when A and B

have the property rights, if C’s negotiations of a bribe with A occurs independently of C’s

negotiations with B then each externality situation becomes bilateral and the core with

respect to any given externality is never empty. Thus, Pareto efficiency is achieved. The

implication is that, with multiple externalities, particular institutional arrangements or

bargaining structures (restrictions on the sequence of negotiations) may be relevant for

efficient resource allocation. Notice, however, that this undermines the Coasean claim that

specific institutional arrangements are irrelevant for Pareto efficiency when transactions

costs are zero. Contrast the foregoing situation with one with multiple externalities but

where the core exists. In that case, Pareto efficiency is achieved regardless of whether

negotiations are carried out sequentially or simultaneously, and once a core allocation is

reached, agents have no incentives to recontract; whether bargaining is sequential or

simultaneous is totally irrelevant. One need only invoke zero transaction costs and

rationality, as in the Coase theorem, to get Pareto efficiency. When the core exists,

Pareto-efficient allocations will emerge, irrespective of whether there are single or multiple

externalities or whether the bargaining scheme is simultaneous or sequential. When the

core is empty, however, additional constraints (or institutional arrangements) are needed to

generate Pareto efficiency. These may include, as in Mueller, precluding recontracting or

restricting bargaining to a ‘‘single’’ externality, i.e., making bargaining on one externality

independent of bargaining on others (thus limiting bargaining to certain sub-coalitions).

While such schemes resolve the empty core problem, they undermine the Coasian claim

that specific institutional arrangements are irrelevant for the achievement of Pareto

efficiency so long as transaction costs are zero. Mueller’s solution demonstrates that core

theory is useful in rationalizing specific bargaining arrangements.

Mueller’s sequential bargaining scheme which restricts bargaining to a ‘‘single’’

externality has a troubling feature, however. An agent contemplating entering into a

bilateral agreement recognizes that the agreement may foreclose a possibly higher payoff

in the future; agreeing early removes future bargaining options. The sequence in which

bilateral bargaining occurs may affect an agent’s allocation and, hence, the agent’s

incentives to enter into a particular bilateral agreement in the sequence;23 this may once

again generate a tension between individual and collective rationality and the problem of

the empty core may remain.24 One possible solution may be the adoption of a bargaining

mechanism which not only restricts bargaining to a ‘‘single’’ externality but also dictates

the actual bargaining sequence.

Finally, an additional problem arises as the number of agents involved in the externality

expands. Dixit and Olson (2000) show how free-rider problems intensify the tension

between individual and collective rationality, undermining the Coase theorem even if

transaction costs are zero. Their model involves a non-exclusive (and discrete) public good

which can be built in a community and where the sum of the marginal valuations of all the

individuals in the community exceeds the cost of the good. To implement the Pareto

efficient decision to provide the good, a meeting of community members is called, but
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attendance is voluntary. It is also common knowledge that the cost of the public good will

be shared equally among those attending the meeting. If the minimum number of attending

participants required to cover the cost of the good is less than the total population of the

community, then no individual is pivotal to the efficient outcome; it is individually rational

not to participate. To overcome this free-rider problem and implement the efficient

(Coasean) solution, a rule may be adopted announcing that the good will be provided

only if all community members participate in the meeting. Such an ‘‘all or nothing’’

proviso (which makes everyone pivotal) would generate the Coasean efficient outcome,

resolving the tension between individual and collective rationality. Dixit and Olson’s

analysis highlights, within a two-stage game framework, difficulties associated with the

adoption of such efficient rules. It investigates decision processes that lead to the

(voluntary) adoption of rules ensuring efficiency, and shows that under zero transaction

costs (and low discounting) an all-or-nothing rule yielding Coasean efficiency is an

equilibrium to the game.25 Coasean efficiency requires participation of all members of the

community in the writing of binding contracts. As Mueller points out, ‘‘The Coase

theorem is reconfirmed under the proviso that some agent (the state?), both calls a meeting

of all community members, and announces that the community will only reach a positive

decision, if all members participate.’’26

6. Conclusion

In the real world opportunities for exchange are sometimes manifold and the bargaining

strategies potentially complex. The Coase Theorem masks this reality by presupposing that

exchange occurs between two parties. What the two decade old debate concerning the

Coase Theorem and the empty core has shown is that with more than two parties, and at

least two externalities, coalitional behavior may predominate. In which case, under some

property rights arrangements the core may not exist; as a result, the Coase Theorem may

fail to hold. Transactions costs may well exacerbate the empty core problem. In such

circumstances, specific property rights arrangements, and contractual schemes such as

penalty clauses, binding contracts, and restrictions on the sequence of bargaining, may

emerge to attenuate the problems engendered by the nonexistence of the core.

Notes
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drafts.
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3. It is worth quoting Telser (1994) more fully on the problem of the empty core and the Coase Theorem. He

writes (p. 161): ‘‘The Coase theorem needs much repair when there is an empty core. Aivazian and Callen

(1981) give an example with three firms: two factories that pollute the third, a laundry. They show there is an

empty core because there is no undominated allocation of the gains among the three. Coase’s elaborate

analysis in his comment (1981) fails to come to grips with the issues raised by this example. Also, the

allocation of the gains that Coase proposes is dominated by every 2-person coalition. Coase’s most recent and
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authoritative exposition of his ‘‘theorem’’ (1988) is silent on the challenge posed by an empty core, although

chapter 6 discusses several criticisms of the theorem.’’

4. The theorem abstracts from income effects. See Coase (1960) and Stigler (1987).

5. In a two-agent setting, the core is always non-empty.

6. In fact, Bernholz (1986) shows that there always exists an initial assignment of property rights with a Pareto

Optimal solution.

7. Strictly speaking, the characteristic function will be different under the alternative liability rules since what

each coalition can guarantee itself will depend on the prevailing property rights arrangements. See Shubik

(1984, Ch. 19). Thus, when C has the property rights, it can guarantee itself 40,000 (V(C) ¼ 40,000) while A

and B are forced to shut down (V(A) ¼ 0, V(B) ¼ 0). The characteristic function in the text represents the

situation where A and B are not liable.

8. Coase (1981, p. 187).

9. Coase’s argument implies by analogy that no firm would enter an industry in which monopoly profits are

earned, even if entry is costless, because entry drives monopoly profits to zero.

10. Coase (1981, p. 187).

11. Normalization imposes the requirement that v(i) ¼ 0 for all i. There is no loss of generality from imposing

this requirement. For example, the characteristic function in the preceding section is equivalent to the

normalized form:

vðiÞ ¼ 0 all i ¼ A;B;C

vði; jÞ ¼ 4 i; j ¼ A;B;C

vðA;B;CÞ ¼ 5

12. The core is non-empty if and only if there is at least one allocation that satisfies the conditions

XA� 0;XB� 0;XC� 0

XA þXB� a;XA þXC� b;XB þXC� c

XA þXB þXC ¼ d

Summing all two party coalition allocations yields XA þ XB þ XC � ½ (aþ bþ c) so that d� ½ (aþ bþ c).

Conversely, the core is empty if and only if d < ½ (a þ b þ c).

13. Although convexity is not necessarily more reasonable than say concavity, the convex case serves to show

that there are non-trivial situations for which an empty core obtains in the presence of transaction costs.

14. If inequality (3) holds then inequality (7) must hold in light of (8).

15. Although inequality (3) might not hold, inequality (7) could still hold in light of (8).

16. These considerations have prescriptive implications for legal rules such as the optimality of property rules

versus liability rules, discussed originally by Calabresi and Melamed (1972). Posner (1998) writes, ‘‘In

conflicting-use situations in which transactions costs are high, the allocation of resources to their most valuable

uses is facilitated by denying owners of property an injunctive remedy against invasions of their rights and

instead limiting them to a remedy in damages. . .But where transactions costs are low, injunctive relief should

normally be allowed as a matter of course. . .’’ (p. 77). In other words, the optimal legal prescription is to

employ a property-rule (i.e., an injunctive remedy) in a low transaction cost setting because an economically

viable bargaining mechanism exists for the efficient allocation of property rights. On the other hand, in a high

transaction cost setting, bargaining cannot be relied on to produce efficiency and hence a liability rule

(i.e., damages remedy) is preferred. However, in situations in which the core is empty, a damages remedy may

be superior to an injuctive remedy even if transaction costs are low. This is because if the core is empty a

bargaining remedy cannot be relied upon to produce efficiency even if (non-core) transactions costs are low.

17. Coase (1981, p. 186). It is worthwhile quoting Hurwicz (1995, p. 64) fully here. He writes: ‘‘What do the

Aivazian-Callen examples prove? Primarily, I believe, that there it would be desirable to have a statement of a

Coase Theorem that is applicable to such situations. Coase’s (1981) comment in response to Aivazian and
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Callen (1981) does not seem to have filled the gap. On the one hand, he considered a sequence of recontracts

corresponding to a succession of blocking coalitions, and found (in his numerical example) an apparent

convergence of certain averages over time. But these averages correspond to two-person coalitions and may

result in non-optimal allocations. Coase then argues that the (Pareto-optimal) grand coalition would form, and

be in a sense stable. Of course, it is not stable in the von Neumann-Morgenstern sense of being invulnerable

to blocking. If it were, the core would not be empty. But Coase (1981) introduces additional structure into the

problem by postulating the possibility of binding contracts of specified duration, that would be attractive to

the parties, and that would discourage defections from the grand coalition by enforceable penalties. . . This
might make the grand coalition, in some sense, stable. It may be that Coase in effect has constructed a new,

and in his view more realistic, characteristic function game, closely related to the Aivazian-Callen game, but

having a nonempty core. This may dispose of the particular example, but - unless one were to argue that all

games of economic relevance have nonempty cores - it leaves open the question what solution concept might

be appropriate when the core is empty.’’

18. We thank Lester Telser for this insight.

19. In a recent paper Versaevel (2000) argues, in a similar vein, that the hierarchical firm can be rationalized as an

institutional device that resolves the empty core. He goes on to say that ‘‘.. This interpretation reinforces the

relevance of the claim that the firm, in practice, can be understood as an hierarchical device that supersedes

the market for efficiency reasons . . .’’ (p. 13).

20. Remember that a proposed allocation is in the core if it cannot be blocked by any coalition.

21. Mueller (2003, p.32). Also, in footnote 21 in chapter 2 (p. 40) he writes: ‘‘When one uses the government to

correct for more than one externality and to determine public goods levels simultaneously, one confronts head

on the problem raised by Aivazian and Callen (1981). One might then anticipate that the absence of a core -

i.e., the absence of an equilibrium - will be a problem with respect to government decisions on public goods

and externalities. This anticipation is correct.’’ De Bornier (1986) is also bothered by the dual externality in

the A-C example. He claims that the A-C counterexample holds in general equilibrium but fails in Coase’s

partial equilibrium framework. We believe that the essential issue is the number of externalities rather than

partial versus general equilibrium.

22. See Mueller (2003), Chapter 2, page 32.

23. This problem is not unlike the difficulty with Bernholz’ solution discussed earlier.

24. Mueller (1989, p. 33, footnote 10) recognizes this problem. He writes, ‘‘The actual allocations obtained

would not be independent of the order in which the externalities issues were resolved. Moreover, the

allocation resulting from the sequential elimination of m externalities might be Pareto inferior to a possible

allocation that might be proposed for simultaneously eliminating all. Thus, the absence of the core remains a

potential problem lurking in the background . . .’’
25. However, Dixit and Olson also show that this result is not robust to the introduction of even a small

transaction cost of attending a meeting.

26. Mueller (2003, Chapter 2, p. 38).
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