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OH TO THE CLUB, THE SCENE OF SAVAGE JOYS,
THE SCHOOL OF COARSE GOOD FELLOWSHIP AND NOISE.

I. Introduction

ALTHOUGH THE MAJORITY of economic

articles examining clubs have ap-
peared since James Buchanan wrote his
seminal piece, “An Economic Theory of
Clubs” (1965), the origins of “club theory”
can be traced to the works of A. C. Pigou
(1920) and Frank H. Knight (1924) in their
work on tolls on congested roads. These
two authors assumed the existence of two
alternative commuting routes: a narrow
congested road of good quality and a
broad uncongested road of poor quality.
By determining the tolls on the congested
road, Pigou and Knight were essentially
solving a club problem, since the toll
would restrict users and, thereby, deter-

William Cowper

mine “membership size” for the con-
gested highway.1

Another pioneering club model is that
of Charles Tiebout (1956), whose “voting
with the feet” hypothesis attempted to
show how jurisdictional size of local gov-
ernments could be determined by volun-
tary mobility (or membership) decisions.
In a private-good context, Jack Wiseman
analyzed a club principle for sharing costs
among users of a public utility (1957).

1E. J, Mishan (1971, pp. 4-5) showed that the solu-
tions provided by Pigou and Knight were identical.
That is, Pigou considered marginal costs (of con-
gestion) excluding a rent concept, whereas Knight
used average costs including rent; but under compe-
titive conditions these two methods converge. For

a modern treatment of this problem, see Noel Edel-
son (1971) and Martin Weitzman (1974).
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Tiebout and Wiseman were the first re-
searchers to focus on a cost-sharing ratio-
nale for clubs in which cost per user fell
over some range of membership size.

The two most influential early club in-
vestigations are those of Mancur Olson,
Jr. (1965) and Buchanan (1965). Olson rec-
ognized that clubs would form to exploit
economies of scale and to share public
goods. He also distinguished between in-
clusive and exclusive clubs (1965, pp. 34—
43). Inclusive clubs share pure public
goods and require no membership size re-
strictions, while exclusive clubs share im-
pure public goods and require size restric-
tions owing to crowding and congestion.
Impure public goods are those goods char-
acterized by either partial rivalry or some
excludability of benefits.2 In Buchanan’s
attempt to bridge the Samuelsonian gap
between private and public goods (see
Paul Samuelson [1954; 1955]), the first
analytical statement of the provision and
membership conditions was derived for
clubs sharing impure public goods. More-
over, Buchanan demonstrated how these
two decisions interact (1965, pp. 6-12).
Testimony to the importance of Buchan-
an’s work can be found in the well over
one hundred subsequent studies referenc-
ing his model.

Justifications for clubs have been based:
on a pure taste for association (e.g.,
Thomas Schelling [1969], Martin McGuire
[1974a]), cost reductions from scale econo-
mies, cost reductions from team produc-
tion (e.g., McGuire [1972]), the sharing of
public goods, and the sharing of public
factors (e.g., Arye Hillman [1978b]). Con-
sequently, diverse definitions for clubs

2 A good is partially rival in consumption when
one person’s consumption of a unit of the good de-
tracts, to some extent, from the consumption oppor-
tunities of another person. Since all club goods must
be excludable for voluntary participation to occur,
the degree of exclusion is initially ignored. Exclusion
will be considered in Section IV-D where extensions
to club theory are discussed.
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have been stated, depending upon what
was being shared.? In an attempt to pro-
vide a unifying definition, we define a club
as a voluntary group deriving mutual
benefit from sharing one or more of the
following: production costs, the members’
characteristics, or a good characterized by
excludable benefits.

Club theory provides the theoretical
foundation for the study of allocative effi-
ciency of impure public goods. In fact,
club theory can analyze some types of
fully rival and fully nonrival goods (e.g.,
see McGuire [1972], Roland Artle and
Christian Averous [1973], and John Cham-
berlin [1974]). Club theory can also be
used in determining the need for exclu-
sionary zoning; the efficacy of busing; and
the optimal sizes for alliances, communi-
ties, and cities. In addition, an important
linkage between welfare economics, pub-
lic finance, and game theory is provided
by club theory. Since the entry of a firm
into an industry causes a market thinning
(congestion) effect in the form of reduced
sales to other competitors, Olson has sug-
gested that club analysis can be used as
a new paradigm for the determination of
industry size (1965, p. 37). Finally, aspects
of two-part tariffs, peak-load pricing, and
cost allocation problems can be better un-
derstood with club theory.

The primary purpose of this survey is
to evaluate critically the theoretical con-
tribution of the literature on clubs and,
in so doing, to indicate its far-ranging ap-
plications. In pursuing this goal, the paper
examines some existing controversies:
e.g., are mixed clubs (i.e., those with heter-

3For example, Mark Pauly defined a club as a
group of people who consume a public good as a
single decision unit (1970b, pp. 53-54). Similar defi-
nitions were given by Elhanan Helpman and Hill-
man (1977, p. 293), and Todd Sandler (1979). Eitan
Berglas recognized that clubs take advantage of scale
economies and gains from public good sharing
(1976a). Moreover, Allan DeSerpa equated clubs
with any sharing group (1977, p. 33).



Sandler and Tschirhart: Survey of Club Theory

ogeneous members) optimal? what are the
true Pareto-optimal membership condi-
tions? how do mixed clubs differ from
those with homogeneous members? what
is the best institutional form for clubs?
what is the optimal number of clubs? and
can optimal tolls self-finance optimal pro-
vision of the shared good? Additionally,
this survey presents two basic models of
clubs: a “within club” model and a “total
economy” model. Some future directions
for club research are also suggested.

Resolution of the first controversy leads
to an important result where mixed clubs
are shown to be optimal unless a second-
best constraint is imposed, whereby all
members must share costs equally regard-
less of their utilization of the club. All arti-
cles that have argued against mixed clubs
have explicitly imposed this constraint
and, consequently, have not derived first-
best results. This is an important finding,
since the argument against mixed clubs
can support segregation in schools, neigh-
borhoods, and communities. Other solu-
tions show that the optimal number of
clubs, the club’s membership composition,
and the maximization objective are cru-
cial in determining the true Pareto-opti-
mal membership size. Additionally, self-
financing depends on the form of the
crowding function and the degree of re-
turns in production.

The body of the survey contains seven
sections. Section II presents the Buchanan
model. Section III depicts a general club
model encompassing many of the non-
game-theory approaches that have a total
economy point of view. The extensions of
Buchanan’s model and the controversies
in the non-game-theory club literature are
examined in Section IV. Section V ana-
lyzes the game theory approaches to
clubs. The three remaining sections pre-
sent the applications of club theory, fu-
ture directions for research, and conclu-
sions.
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II. The Buchanan Model of Clubs:
A “Within-Club” Point of View

The majority of club models are either
identical to or else a slight variant of the
Buchanan model (1965).4 To understand
how the more complex models of clubs
operate, the Buchanan model must be ex-
amined first; both a mathematical and
graphical treatment are presented here.

A. Buchanan’s Model: A Mathematical
Representation

Although Buchanan clearly stated that
less restrictive assumptions could be in-
voked (1965, pp. 34, 7-8, 13), for simplic-
ity he assumed that homogeneous mem-
bers equally share the public good (e.g.,
a swimming pool, a golf course) and its
associated costs. In addition, the club does
not discriminate against any of its mem-
bers and can costlessly exclude all non-
members. The “Buchanan club” is a de-
centralized, voluntary organization oper-
ating without transaction costs.5 Since all
individuals are identical, no centralized
control is needed; all members have the
same goals. Only a representative mem-
ber’s standpoint is considered when opti-

4 Models that are identical or closely related to
that of Buchanan (1965) include: Roy Adams and
Jeffrey Royer (1977); Larry Allen, Ryan Amacher,
and Robert Tollison (1974); Richard Anderson, Philip
Porter, and S. Charles Maurice (1979); Berglas
(1976a); Rolf Fire and Shawna Grosskopf (1979b);
Jerome Heavey and Miles Gunzenhauser (1978);
James Litvack and Wallace Oates (1970); McGuire
(1972; 1974a); Dennis Mueller (1976); Richard Mus-
grave and Peggy Musgrave (1976); A. Mitchell Polin-
sky (1974); and Richard Porter (1978). This list is
not exhaustive.

5 Few club researchers have examined transaction
costs (e.g., decision-making and participation costs)
for clubs and other nonmarket structures. Excep-
tions include Kenneth Arrow (1970), Artle and Aver-
ous (1973), Christoph Badelt (1978; 1979), Richard
Cebula and Paul Gatons (1972), John Head and Carl
Shoup (1969), Oates (1972, pp. 48-49), Olson (1965;
1973), Sandler and Jon Cauley (1976), Jan Smith
(1976), and Clem Tisdell (1977). Nevertheless, no rig-
orous treatment of transaction costs in clubs can be
found in the literature.



1484

mal conditions are derived for the club;
hence, a within-club point of view charac-
terizes Buchanan’s approach.

In order to display the essential features
of Buchanan’s model in the simplest possi-
ble terms, one private numéraire good (y)
and one impure public good (X) are
assumed.® Each of the s identical mem-
bers attempts to maximize utility (U) sub-
ject to a cost (or production) constraint
(F). The ith (representative) member
solves the following problem:

Max Uiyt X, s) subject to
Fiy, X,s)=0, (1)

where yiis the ith member’s consumption
of the private good.” Equation (1) implies
that each member utilizes the entire avail-
able quantity of the shared good (i.e.,
xt= X for all i, where x!is the utilization
rate of the ith member). In the utility func-
tion, the marginal utility of each good is
assumed positive. The marginal utility de-
rived from additional members may be
positive for small memberships due to ca-
maraderie, but eventually crowding oc-
curs and marginal utility becomes nega-
tive. The cost function is associated with
positive marginal costs of consuming the
two goods; however, costs per person for
the public good fall as more members
share the costs of a given quantity (i.e.,
0Fi9s < 0). If the utility and cost functions
satisfy the required differentiability and
convexity requirements (see Fire and
Grosskopf [1979]), then maximizing (1)
produces the following first-order condi-
tions:

MRSi,= MRTj, i=1,...s (2
MRSi,= MRTi, i=1,...s (3

Equation (2) is the provision condition for
the shared good and indicates that for
each member the marginal rate of substi-

¢ Buchanan assumed n private goods and m public
goods (1965, p. 4).

7 Throughout this survey, a consistent set of nota-
tion is employed.
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tution (MRS) between the public and pri-
vate good (the numéraire) must be
equated to the marginal rate of transfor-
mation (MRT) between these two goods.
Thus, for the public good, members
equate their marginal benefits with their
marginal costs. If, at the margin, the club
is breaking even in providing the public
good, the sum of the members’ marginal
costs must equal the club’s marginal cost
of provision (i.e., £, MRT}, = MRT,).
Equation (2) then indicates that the usual
Samuelson provision condition for public
goods holds (i.e., 2i-; MRSi, = MRT). In
the Buchanan model, the provision condi-
tion of an impure public good does not
differ significantly from that of a pure pub-
lic good, except in terms of the number
of individuals aggregated by the summa-
tion index and the interaction of the pro-
vision and membership conditions.8

The novel aspect of club analysis shows
up in the membership condition, ex-
pressed in (3). For optimality, a represen-
tative member equates the MRS between
group size and the private good (left-hand
side of (3)) with the associated MRT (right-
hand side of (3)), thereby achieving an
equality between the marginal benefits
and marginal costs from having another
club member. These marginal benefits are
normally negative due to crowding, and
the corresponding marginal costs are neg-
ative due to cost reductions derived from
cost sharing. Since by assumption a whole
miember must be added (or removed)
from the club, the membership condition
may not be satisfied as an equality. That
is, going from s to s+ 1 members may re-
verse an inequality between the two sides
of (3). When this discreteness problem oc-
curs, members should be added, provided
marginal benefits exceed marginal costs.
The membership size priorto the reversal
of the inequality is optimal. A pure public

8 Other differences will show up in more complex
models when individuals can vary utilization rates
(see Section III).
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good club could accommodate the entire
population because marginal benefits
from new members are zero and, there-
fore, are always greater than the corre-
sponding negative marginal costs. Conse-
quently, pure public goods do not require
a membership restriction in the Buchanan
model.?

There are two crucial aspects of the Bu-
chanan model to remember. First, the
provision and membership conditions
must be simultaneously determined,
since the MRS and MRT expressions in
(2) and (3) depend upon the same varia-
bles. Second, utility is maximized for the
representative member; i.e., average net
benefits are maximized.

B. Buchanan’s Model: A Graphical Rep-
resentation

To gain further insight into the opera-
tion of the Buchanan model, a graphical
representation is depicted in the four
quadrants of Figure 1. The graphical
model invokes the same assumptions as
the mathematical model. Optimal provi-
sion amounts are shown for three different
membership sizes in quadrant I. The
quantity of the public good is measured
on the abscissa, while the total cost and
benefit per member are measured on the
ordinate. The shape of the benefit curve
indicates diminishing returns to consump-
tion, while that of the cost curve reflects
constant returns to scale. For a given
membership size (say ), optimal provi-
sion corresponds to the X value (i.e., X3)
that equates the slopes of the total benefit,
B(s1), and the total cost, C(s;), curves con-

9Some nonrival goods with excludable benefits
(e.g., the telephone) may require a finite club size
owing to resource or “hook-up” costs needed to ex-
tend consumption services to additional people. For
these goods, the marginal costs of new members ac-
count for hook-up costs and reductions due to cost
sharing. Since these marginal costs are expected to
be positive over some range of membership, finite
memberships are optimal. On hook-up costs, see Ar-
tle and Averous (1973), Bryan Ellickson (1973), and
Burckhard von Rabenau and Konrad Stahl (1974).
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fronting a member. Hence, quadrant I
equilibriums satisfy (2). As membership
size increases to s, the total benefit per
member curve shifts down owing to
crowding. Additionally, the total cost per
member curve rotates down proportion-
ally as more members share the costs for
each facility size. When membership is s,
optimal provision corresponds to X; units
of public good. Similarly, X* is optimal for
s* members. These optima can be trans-
ferred to quadrant IV in the form of the
Xopt curve depicting the optimal provision
amount for each membership size.

For each amount of the public good,
an analogous exercise in quadrant II de-
termines the membership size that maxi-
mizes per person net benefits. The benefit
curves in quadrant II show the benefit per
person associated with a changing mem-
bership size when the facility size is fixed
at X;, X,, and X* units. The shape of these
curves indicates that camaraderie is even-
tually overpowered by crowding, and at
that point the benefit per person begins
to decline. In the same quadrant, the cost
curves depict the cost per member when
a given sized facility is shared by a varying
number of members. Owing to the equal
cost-sharing assumption, these cost curves
are rectangular hyperbolas. As the facility
size increases, both the benefit and the
cost curves shift up. For each facility size,
the optimal membership results when the
slope of the corresponding benefit and
cost curves are equal (i.e., equation (3) is
satisfied): s, is optimal for facility size X;
s, is optimal for X,; and s* is optimal for
X*. These optima can be transferred to
quadrant IV in terms of the s, curve
showing the optimal membership for each
amount of provision. This transfer is ac-
complished via quadrant III, which trans-
poses membership information from
quadrant II to IV.

Both the provision and the membership
conditions are satisfied in quadrant IV at
point E where the s,pt and the X,p¢ curves
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Total Cost per person

II

Total Benefit per person 1

C(s*)

v
s

Figure 1

intersect. If public good provision is Xj,
a series of iterations shown by path
X,TSJDF . . . E eventually forces the club
to achieve optimal membership (s*) and
the associated optimal provision (X*) at E.
Three of these iterations are shown in

quadrants I and II. For example, the club
desires a membership of s;, when output
is X;; however, a larger facility of size X,
is required to maximize average net bene-
fits (in quadrant I) when membership is
$1. And so it goes until equilibrium is
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reached (see the darker curves in quad-
rants I and II for the equilibrium).

The interdependency between the
membership and the provision conditions
is clearly displayed in Figure 1.1 The fig-
ure shows that these conditions must be
mutually consistent for equilibrium to re-
sult.

III. A General Model from the Total
Economy Point of View of Clubs:
A Non-Game-Theory Approach

Based upon its assumptions and within-
club point of view, the Buchanan model
is a consistent and correct treatment of
clubs. Subsequent models have extended
club theory to include heterogeneous
members,!! discrimination, variations in
the utilization rate of the public good, and
a total economy point of view in which
members and nonmembers were con-
sidered.12 We shall now present a “general
model” of clubs from the total economy
point of view. This model encompasses
the major non-game-theory extensions to
club analysis and serves as a backdrop to
Section IV, where the value and meaning
of these extensions are more fully evalu-
ated. The general model is a modified ver-

10 If the sopt and Xopt curves switch positions, an
unstable equilibrium results; hence, myriad cases are
possible. A different four-graph treatment was given
by Allen, Amacher, and Tollison (1974) based on
Musgrave and Musgrave (1976, pp. 615-19). This lat-
ter presentation derived marginal curves corre-
sponding to the benefit and cost curves drawn in
Figure 1. Unfortunately, Allen et al. and Musgrave
and Musgrave kept their demand curve for provision
unchanged even though membership changed. This
construction is in error, since it ignores the negative
effects of congestion. Furthermore, Allen et al. dia-
grams were not correctly drawn to scale.

11 Some of the models considering heterogeneous
members are Berglas (1976a; 1976b); DeSerpa (1977;
1978a; 1978b); A. Myrick Freeman and Robert Have-
man (1977); Morton Kamien, Nancy Schwartz, and
Donald Roberts (1973); William Loehr and Sandler
(1978); Yew-Kwang Ng (1973; 1974; 1978; 1980); Ng
and Tollison (1974); Jerome Rothenberg (1970a;
1970b); Sandler (1975b; 1979); Sandler and Cauley
(1976); and Tollison (1972).
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sion of Williamm Oakland’s analysis (1972).
A major virtue of his model is its partial
avoidance of the discreteness problem by
allowing the utilization rate to vary be-
tween members.!3

The general model here assumes the ex-
istence of two goods—a private numéraire
good (y) and an impure public good (x).
Unlike the Buchanan model, both mem-
bers and non-members are considered
when the Pareto-optimal conditions are
derived for a single club. A fixed popula-
tion of § individuals is assigned member-
ship or nonmembership status; i.e., a cen-
tralized membership decision is made.
The population (and therefore the mem-
bers) consists of heterogeneous individuals
whose preferences are represented by
well-behaved utility functions. Club mem-
bers are able to determine their utilization
rate (xY) of the impure public good by
varying the number of visits or the time
spent at the club. Moreover, non-mem-
bers are costlessly excluded from the club.

The utility function of a member is de-
picted in (4) and that of a non-member
in (5). All individuals are ordered by the
i index according to their preference for
the club good; i.e., individual s— 1 has a
greater preference for the club than indi-

12The following papers consider members and
non-members when optimizing: Artle and Averous
(1973); Berglas (1976a); Berglas and David Pines
(1978); Helpman and Hillman (1976; 1977); Hillman
and Peter Swan (1979a; 1979b); Ng (1973; 1974;
1978); Pauly (1967; 1970b); Sandler (1979); and John
Sorenson, John Tschirhart, and Andrew Whinston
(1978b).

13 Many models in the literature (e.g., Berglas
[1976a], McGuire [1974], Ng [1973; 1974; 1978])
have a discreteness problem, insofar as they differen-
tiate with respect to s, a discrete variable. Mathemat-
ically, this problem can be avoided by using utiliza-
tion rates and a continuum of traders. If a continuum
of traders is used, aggregate utility can be summed
with a Lebesque integral (see Helpman and Hillman
[1976; 1977], Hillman and Swan [1979a; 1979b], and
Sandler [1979]). However, the continuum of traders
representation should only be employed when the
number of members approaches infinity (e.g., some
kinds of intergenerational clubs).
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vidual s. Technically, the individuals’ mar-
ginal evaluations of the club determine
this ordering, and §! (factorial) orderings
must be examined before the proper one
can be ascertained (see equation (8)). The
importance of this ordering was empha-
sized by Freeman and Haveman, since dif-
ferent orderings may yield different opti-
mum conditions (1977).

Ui= Ul(y’, x% c(k))
where ¢, = 0c/0k>0

and oU/0c=0, i=1, ... s (4
Ui= U¥g', 0, 0)
i=s+1,...,58 (B

The utility of a member depends posi-
tively on the consumption rates of the two
goods and negatively on congestion or
crowding (c). Crowding involves a reduc-
tion in the good’s quality and assumes a
variety of forms including, among others,
poorer views, lost time, and less comforta-
ble conditions. Although the crowding
function can be represented in numerous
ways, it must include two opposing influ-
ences; increases in the shared good’s pro-
vision reduce crowding (i.e., cx = 0¢/0X <
0), whereas increases in the utilization of
the good increase crowding (i.e., dc/dxi
> 0). Because crowding depends upon the
average utilization rate (k) of the shared
good, both opposing influences are pres-
ent.!* The average utilization rate is equal
to the total utilization rate divided by the
quantity of the good (i.e., k = 2, xi/X).
A final important feature of the member’s
utility function is an “impurity” constraint
requiring each member’s consumption of
the shared good to be less than or equal
to its available quantity (i.e., x! = X for

14 9¢/0X = —(kex)/X < 0, since o = dc/dk > 0,
and d¢/dxi= cx/X >0, where k=3, xi/X. Crowding
is treated as a technical relationship dependent upon
average utilization and independent of the member
experiencing the crowding. The addition of a super-
script to the crowding function allows crowding to
differ between individuals; however, little is gained
by way of insight by this complication.

Journal of Economic Literature, Vol. XVIII (December 1980)

i=1,. . ., 8. This latter requirement and
the form of the crowding function
partially circumvent the discreteness
problem because the member’s club par-
ticipation can be continuously varied.
Moreover, each member can reveal a dif-
ferent intensity of public good utilization.

Since non-members are excluded from
the club, their utility functions are inde-
pendent of the club good and its associ-
ated crowding. The overhead tilde (")
indicates that the variable applies to a
non-member (however, the parameter §
refers to the entire population). The Par-
eto-optimal conditions are derived by
maximizing the marginal entrant’s utility
function subject to the following: the con-
stancy of all other members’ and non-
members’ utility levels; the private good
production—distribution constraint; the
impurity constraints; and a transformation
function.’ When the associated Lagran-
gian expression is differentiated with re-
spect to X, x¢{ and s, the resulting first-
order conditions can be written as the
provision, toll, and membership condi-
tions, respectively.’® These three condi-
tions follow:

15 The Lagrangian has the following form:

L=tzs! )‘i[Ut( <) — K1 +i§ )\‘[U‘( . )_Ki]
= =s+1

S

+o FEY)+y(Y—3 yi— 3 g9

i=1 i=s+1
+ 3 B{X— 1),
i=1

where the Greek letters are Lagrangian multipliers,
Ktis a constant level of utility except for i = s in
which K is nonexistent, and Y is the amount pro-
duced of the private good. The production transfor-
mation function is F(+). An alternative approach
yielding the same essential results is to maximize
an additively separable Benthamite social welfare
function of the members and nonmembers (i.e.,
351 MU() + 3i44 AiUi(+)) subject to the same tech-
nical constraints. On this method, see Helpman and
Hillman (1976; 1977) and Hillman and Swan (1979a;
1979b).

16 These three conditions assume that no member’s
utilization of the public good equals the available
amount (i.e., xi < X). If this is not the case, then 8
terms must be included (see Sandler [1979]).
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—(keo/X)S MRS}, = MRT,,
=1

(Provision Condition) (6)

—(ck/X)3, MRSk, = MRS},
i=1

Jj=1,...,s
(Toll Condition) (7)

Us(.) _ [‘js(.) P
[(aUs/ays) (aUS/ags)] (y*— 7

= —x¥(ce/X) 3 MRS}y
=1

for0<s<§
(Membership Condition) (8)

Each of the three conditions permits a
straightforward interpretation. Optimal
provision requires that the marginal bene-
fits from crowding reduction, resulting
from increased provision, equal the mar-
ginal costs of provision as represented by
the MRT expression. These marginal ben-
efits are represented by the sum of the
members’ weighted MRS between crowd-
ing and the numéraire. The weighting fac-
tors indicate the effect on crowding relief
attributable to a larger public good provi-
sion, and the MRS terms evaluate crowd-
ing. As in the Buchanan model, the provi-
sion condition is analogous to that of a
pure public good because increased provi-
sion produces decreased crowding, which
is a public good to the members.

The toll (or utilization) condition
equates the member’s marginal benefits
from utilization (i.e., right-hand side of (7))
with the resulting marginal crowding
costs imposed upon the membership (i.e.,
left-hand side of (7)). These marginal
crowding costs are the sum of the mem-
bers’ weighted MRS between crowding
and the numéraire, but here the weights
indicate the effect on crowding resulting
from a unit change in utilization. By mak-
ing the per-unit toll (7) equal the marginal
crowding costs imposed on the members,
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the crowding externality is internalized;
hence, T equals the left-hand side of (7).
The toll condition requires an equal rate
of toll for all members, since the mem-
bers’ crowding costs resulting from an ad-
ditional unit of utilization are the same
at the margin, irrespective of the user. A
member utilizes the club until the mar-
ginal crowding costs he creates equal his
marginal benefits. Although each member
pays an identical rate of toll, total toll pay-
ments vary between heterogeneous mem-
bers based upon their revealed intensity
of utilization (i.e., (7) is tulfilled at different
utilization rates for diverse members).

In the toll condition, the sum of the mar-
ginal crowding costs includes the crowd-
ing costs imposed by the jth member on
himself. Some researchers have formu-
lated models where this self-imposed
crowding is eliminated from the toll (e.g.,
see Freeman and Haveman [1977], M.
Bruce Johnson [1964], and Herbert Moh-
ring and Mitchell Harwitz [1962]). These
researchers have felt that self-imposed
crowding is automatically taken into ac-
count by the club member. To derive a
toll excluding self-inflicted crowding, k
must be redefined in each individual’s
crowding function to exclude the individ-
ual’s own consumption.

The membership size condition deter-
mines the optimal s, which appears in the
provision and toll conditions. This mem-
bership condition requires the net bene-
fits from membership for the entrant
(i = s) to equal or exceed the crowding
costs resulting from that person’s entire
utilization of the shared good. These
crowding costs correspond to the right-
hand side of (8). Since =i, (—c./X) MRSk,
indicates only the crowding costs associ-
ated with a unit of utilization, this term
must be multiplied by the fotal utilization
of the entrant (i.e., by x*) if full crowding
costs of the entrant’s membership are to
be represented. On the left-hand side of
(8), the two components of membership’s
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net benefits are given. The first is the gain
in utility from membership and consists
of the difference in utility, evaluated in
terms of the private good, between mem-
bership and non-membership. The second
component relates to the required change
in private good consumption that mem-
bership entails and can be considered as
one part of the membership cost or fee
to the entrant. This term appears because
the private good must have the same ben-
efit, at the margin, both before and after
membership for the marginal entrant.
If being a member alters the marginal
benefit of the private good (i.e., 02Us/
(0x0y*) # 0), then a reallocation of the
private good is required for optimality
(see Helpman and Hillman’s discussion of
this term when a social welfare function
representation is used [1976, pp. 8-11;
1977]). A marginal entrant who views the
private and shared goods as complements
in the Edgeworth-Pareto sense (i.e., 22U/
(0x%9y®) > 0) should receive more of the
private good when becoming a member
(i.e., y°* > %), whereas an entrant who
views these goods as substitutes should re-
ceive less of the private good when be-
coming a member.

There appears to be some confusion
about this term in the literature. In one
place, Helpman and Hillman called it a
resource cost (1976, p. 9), but no resources
are needed owing to the unchanged level
of private good production. Ng stated that
this term appears because Helpman and
Hillman use a social welfare function
(SWF) presentation rather than a Pareto
efficiency setup without an SWF (Ng,
1978, p. 408); however, a Pareto efficiency
specification will always yield this term
when the differentiation is performed and
the goods are related in consumption (San-
dler, 1979, Appendix; Hillman and Swan,
1979a). _

Even though utilization is continuously
variable, the discreteness aspect of mem-
bership has not altogether disappeared.
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This aspect shows up in the discrete
change in utility and private good con-
sumption (see (8)) that membership re-
quires. In some instances, equation (8)
cannot be satisfied at any membership size
and an inequality is necessary.

Since the general model requires an or-
dering of the population based upon club
preferences, this model is implicitly as-
suming cardinality of the utility functions.
To circumvent this limitation, Hillman
and Swan have proposed an ordinal
Pareto-optimal representation that does
not require an ordering of the population
(1979a). In their model, an arbitrary indi-
vidual’s utility is maximized subject to the
constancy of the other individual’s utility
levels. When this arbitrary individual is
not the marginal entrant, the membership
condition can be represented by (8), pro-
vided that the square-bracket term on the
left-hand side is removed. This term drops
out because the marginal entrant’s utility
level has been exogenously fixed and,
hence, cannot change. In this case, Hill-
man and Swan interpreted the (y* — §°)
term as the compensated variation (1979a,
p- 4). If, by chance, the arbitrary individ-
ual (whose utility is maximized) is the mar-
ginal entrant, then (8) is the membership
condition when the square-bracket term
is included. Only the form of the member-
ship condition may be affected by the ordi-
nal and cardinal alternative representa-
tions of Pareto optimality; the provision
and toll conditions are unchanged in form.
Of the two representations, the ordinal
one has greater positive usefulness be-
cause in practice populations cannot be
ordered.

The general model can be shown to be
related to the Buchanan model when
some further restrictions are imposed.
First, all individuals must be identical and
each must consume the available quantity
of the shared good, x' = X for all i, and
k= s. Second, the crowding function must
be the identity mapping so that ¢(s) = s.
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With these changes, the utility function
is identical to that of the Buchanan model.
Furthermore, only a representative mem-
ber must be considered in the maximiza-
tion process and, consequently, the trans-
formation function must correspond to a
member rather than to the economy.

By allowing the marginal utility of
crowding to be positive over some range
of membership, the model can account
for a pure taste for association. Moreover,
the exact specification of the production
constraint can reflect such things as cost
reductions from sharing and resource
costs required to bring new members into
the club.’” The generality of the model
is thus established.

IV. An Evaluation of the Issues and
Controversies in Club Theory:
Non-Game-Theory Approaches

A. The Impact of Membership Hetero-
geneity

An examination of the general model
and its results can reveal the major impact
of a membership heterogeneity assump-
tion. In the first place, both a toll (or utili-
zation) and a membership condition are
required, since each member can utilize
a different amount of the shared good.!®
The toll condition determines the price
per unit of utilization, whereas the mem-
bership condition analyzes the net total
effect on the club from having another

17 In the literature some researchers included the
crowding term on the benefit side in the utility func-
tion; others included it on the cost side; and still
others included it on both sides. When crowding is
included in the utility function, it reflects crowding
externalities in the club (Sandler, 1979). In contrast,
its inclusion on the cost side indicates either cost-
sharing benefits or resource costs (Artle and Averous,
1973). Finally, its inclusion on both sides can reflect
all three influences (Berglas and Pines, 1978).

18 Some heterogeneous membership models do not
derive both a toll and membership condition, since
all members are forced by assumption to consume
the same amount of the good (e.g., see Berglas
[1976a], Ng [1973; 1974; 1978]). This assumption ap-
pears to conflict with heterogeneity, unless monitor-
ing of utilization is impossible.
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member join. In other words, the toll con-
dition depends upon a continuous change
in utilization, whereas the membership
condition involves a discrete change.
When all members are identical, each uti-
lizes the same amount of the shared good
and, therefore, both the utilization and
the membership decisions are the same
discrete decision. All members then pay
the same toll or membership fee. In con-
trast, as shown by the general model, a
heterogeneous club’s members pay the
same rates of toll, but their total toll pay-
ments differ based upon tastes. Another
difference between homogeneous and
heterogeneous club models is the appear-
ance of a separate membership span (i.e.,
time in club) condition when a time di-
mension is introduced into the analysis
(see Section VII-B). If members are differ-
ent, the membership spans differ between
members and are no longer identical to
the discrete membership decision in
which membership implies a specified
span.

Other differences associated with heter-
ogeneity concern discrimination possibili-
ties, transaction costs, and the stability
question. Discrimination against another
member’s characteristics can be practiced
only when members differ in some way.1?
Hence, heterogeneity permits an impor-
tant aspect, commonly observed in clubs,
to be examined (see Section IV-C). If mem-
bers are heterogeneous, then the provi-
sion, toll, and membership decisions are
more difficult to reach owing to the aggre-
gation of diverse preferences. The trans-
action costs associated with these deci-
sions are expected to be greater than in
homogeneous clubs. Both types of clubs
are voluntary in the sense that members
would not join (or remain in the club) un-
less a net gain resulted from membership.
In heterogeneous clubs, members’ goals

19 Price discrimination can always be exercised
(Pauly, 1967).
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differ, which can necessitate a centralized
authority to enforce decisions and to de-
termine memberships. Another differ-
ence concerns whether the membership
is stable or unstable. Instability occurs
when coalitions can entice members to
leave by offering them net improvements
in their club payoff. This issue is discussed
in Section V.

A basic controversy related to the heter-
ogeneity question concerns whether
mixed clubs are Pareto optimal. This issue
has far-reaching implications for such so-
cial problems as: are segregated neighbor-
hoods desirable? should school children be
bused to achieve racial balance? and is ex-
clusionary zoning optimal? The literature
appears split on the mixed club issue with
one group of researchers depicting mod-
els where heterogeneous memberships
are optimal (e.g., DeSerpa [1977], Ng
- [1973], Oakland [1972], Rothenberg
[1970a; 1970b]) and another demonstrat-
ing models where mixed clubs are usually
not preferred to homogeneous ones (e.g.,
Berglas [1976a, p. 120], Berglas and Pines
[1978, p. 12], Helpman [1979], McGuire
[1974a, pp. 121-25], Porter [1978], and
Joseph Stiglitz [1977]). This latter group
has recognized that mixed clubs may be
desirable when strong scale economies re-
quire a larger membership than possible
with homogeneity, when multiproducts
are being provided, or when members
have different skills (see especially Berglas
[1976b]; and Berglas and Pines [1978, p.
27)).

This is an interesting controversy, since
a careful examination of all of the models
in both camps indicates that the solutions
are correctly derived and are internally
consistent with respect to their assump-
tions! The apparent resolution involves a
“second-best” constraint invoked by all re-
searchers arguing against mixed clubs.
This constraint requires all members to
share equally club costs and can result in
a lower welfare level as compared with
its absence (see Peter Diamond [1973, p.
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532] on this type of second-best con-
straint).2° Thus, mixed clubs, where mem-
bers utilize the good by different amounts
yet pay the same total fees, can always
be shown to be less desirable than homo-
geneous ones. In the general model of Sec-
tion 111, this second-best constraint is not
imposed and, consequently, mixed clubs
are desirable and optimal whenever utili-
zation rates can be monitored and individ-
ual cost shares assigned. The optimality
of mixed clubs hinges on the amount of
transaction costs; i.e., are monitaring costs
prohibitive so that second-best constraints
must be imposed?

B. The Membership Size Question:
What are Pareto-optimal Conditions?

The issue concerning Pareto optimality
was first raised by Oakland (1972, p. 340)
and Ng (1973; 1974) with respect to Bu-
chanan’s derivation of the membership
condition. For example, Ng argued that
by maximizing the net benefits of a rep-
resentative individual, Buchanan maxi-
mized average net benefits instead of total
net benefits (Ng, 1973, p. 294) and,
thereby, failed to give proper Pareto-opti-
mal conditions. In contrast, Berglas de-
fended Buchanan and employed Buchan-
an’s methodology (Berglas, 1976a, p. 117).
Helpman and Hillman (1976; 1977) stated
that Ng’s membership condition is incor-
rect and provided an alternative. The de-
bate still continues with recent exchanges
between Ng (1978) and Hillman and Swan
(1979a).

The resolution of this debate hinges
upon a recognition of the different types
of club problems analyzed (Helpman and
Hillman, 1977, p. 295). Buchanan exam-
ined a decentralized consumer choice
problem in which the number of clubs was

20 The form of this constraint is as follows: I =
yt + C(X,s)/s, where C is the cost of the club, I is
income, and the price of the private good is one.
Other researchers imposed another second-best con-
straint requiring all members to utilize the club
equally, irrespective of taste (e.g., McGuire [1974a]
and Porter [1978]).
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unspecified and a within-club point of
view was taken. This point of view implies
that average net benefits for the members
are maximized.?! Berglas has used the
same approach and explicitly allowed for
multiple (or replicable) clubs. In contrast,
Ng examined the membership condition
for one club from the point of view of
the entire economy and, in so doing, he
maximized fotal net benefits for the entire
economy (also see footnotes 41 and 42).
However, Helpman and Hillman (1977,
pp. 293-94) correctly criticized Ng’s use
of Leibnitz’s rule for differentiation of a
sum or an integral; i.e., Ng stated the cor-
rect problem but failed in its execution
when he dropped a (y*— §*) term, which
need not be zero. If the true one-club,
Pareto-optimal membership condition for
the.economy is analyzed, the proper pro-
cedure is that of Helpman and Hillman
(1977), Sandler (1979), and the general
model of Section III wherein both mem-
bers and non-members are considered.
The first model that derived a member-
ship condition from an economy’s point
of view was that of Artle and Averous
(1973).

Neither the within-club, nor the entire
economy, one-club point of view ensures
Pareto optimality under all situations. The
former may fail when the membership
size is large relative to the entire popula-
tion; the latter will fail when multiple
clubs are desirable. Further discussion of
these failures is deferred to Section V-C

21 McGuire (1974a) followed Buchanan’s approach

when he solved the problem:

max Uy, X)

subject to I = yi+ C(X, s)/s.
McGuire’s provision condition is identical to the
Samuelson condition, and his membership condition
requires cost per person to be a minimum. This latter
requirement implies that the average cost of adding
a member equals the marginal cost of adding a mem-
ber. That maximizing average net benefits is not the
same as maximizing total net benefits for the club
can be shown by comparing the membership condi-
tions when Ui(-) and sU(-) are maximized, respec-
tively. The former requires s(dC/ds) — C(:) =0, and
the latter requires Ui(-)/s = (U dyi)[s(dC/ds)
— C]/s%
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where they are related to the game-theo-
retic core concept.

The four-graph representation for the
total economy point of view is presented
in Figure 2 and contrasts with Figure 1.
The graphs in Figure 2 assume that each
member utilizes the entire provision of
the shared good. On the ordinate in
quadrants I and II, the net aggregate ben-
efits of the club are measured, while on
the abscissas, output and membership are
measured. The shape of the net benefit
curves, NB(+), in quadrant I indicates that
net benefits from increased facility size
will eventually reach a maximum due to
increasing marginal costs and diminishing
marginal benefit whenever membership
size is fixed (see Ng [1973, pp. 295-96)).
In quadrant II, net benefits from expand-
ing membership peak out owing to crowd-
ing when the facility size is held fixed. The
optimal points in quadrant I correspond
to the points on the X,p; curve, and those
in quadrant IT correspond to the sop; curve.
As before, equilibrium occurs at point E
where the sopt and X, curves intersect.
The interaction of the two conditions is
easily seen.

C. Discrimination and Clubs

In the non-game-theory literature, dis-
criminatory clubs refer to those sharing
arrangements in which members con-
sume both the shared good and the char-
acteristics or attributes (e.g., race, religion,
appearance, presence) of the other mem-
bers (DeSerpa, 1977; DeSerpa and Ste-
phen Happel, 1978; Ng and Tollison, 1974;
Tollison, 1972). Each club member has a
fixed vector of characteristics that is made
available to the other members according
to his utilization rate of the club (DeSerpa,
1977).22 Heavier users provide the club
with a larger amount of their attributes
than less heavy users. The total available
quantity of any membership attribute de-

22 The discussion in the text is based on the De-
Serpa model (1977), since his discriminatory model
is the most complete one in the literature.
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pends upon the aggregate utilization rates
of all members and the amount of that
attribute associated with each member.
By varying the utilization rate, a member
determines his consumption of the other
members’ characteristics as well as that
of the shared good.

Members’ characteristics may be

viewed by the other members as generat-
ing either an increase (e.g., beauty, con-
geniality) or a’decrease (e.g., race, rude-
ness) in utility. Crowding can be treated
as one characteristic of the membership
that arises from the mere presence of the
other members. Thus, the general model
of Section III can be extended to include

NB(s%
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discrimination, provided that a vector of
membership characteristics is generated
by the utilization rates and one character-
istic corresponds to congestion.?

The provision condition of the discrimi-
natory club model remains essentially un-
changed from that of the general model;
however, the utilization and membership
conditions change as each member con-
sumes a club package consisting of the
shared good and the members’ character-
istics (DeSerpa, 1977, pp. 34, 37-38). A
member utilizes the club until the mar-
ginal benefits that he derives from the
club package equal the associated mar-
ginal costs (or value) that the club experi-
ences from the member’s utilization.2*
The membership condition must also in-
clude both aspects of the club package.
Some members with desirable traits may
be paid to join, since they generate
enough positive characteristics to offset
any crowding caused by their presence.
The analysis of discriminatory clubs allows
for a study of the pure taste for association
rationale for club formation. :

D. Exclusion Costs

A number of investigators?5 have exam-
ined exclusion costs associated with the
erection, maintenance, or existence of a
mechanism to limit club utilization or

23 One important difference between the general
model and that of DeSerpa (1977) concerns his intro-
duction of a time dimension for sharing; i.e., the pro-
portion of a club’s hours utilized by a member. The
difference requires a slight alteration to the general
model, since congestion now depends on the utiliza-
tion rate and is not experienced equally by all mem-
bers. On the different sharing dimensions, see De-
Serpa (1978b).

24 Unlike the general model of Section III, the tolls
differ between members.

25 For example, see Yoram Barzel (1974); Otto Da-
vis and Whinston (1967); Kamien and Schwartz
(1970); Kamien, Schwartz, and Roberts (1973); R.
Millward (1970); Gene Mumy and Steve Hanke
(1975, pp. 716-17); Donald Nichols, Eugene Smolen-
sky, and T. Nicolaus Tideman (1971); Oakland (1972);
Sandler and Cauley (1976); and Klaus Spremann
(1978).
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membership. At least three different ap-
proaches to exclusion costs exist in the lit-
erature. In one approach, waiting costs
can result from the existence of the exclu-
sion mechanism, and these waiting costs
are a preutilization crowding or queuing
cost, which depends on the number of
users (Barzel, 1974; Nichols, Smolensky,
and Tideman, 1971; Porter, 1977).26 In this
case, the general club model remains basi-
cally unchanged, except for the interpre-
tation of crowding costs, which now in-
clude preutilization and utilization
crowding.

A second approach concerns the re-
source costs of the exclusion mechanism
and is best illustrated by Oakland’s treat-
ment (1972, pp. 351-55). Oakland as-
sumed that these exclusion costs rise as
the quantity of the shared good increases,
but they fall as the average utilization rate
increases. As k increases, a smaller num-
ber of potential users must be excluded.
In order to represent these exclusion costs,
the general model’s transformation func-
tion must include k as an additional argu-
ment with a negative influence on re-
source costs.

When exclusion costs are introduced in
this manner, the optimal provision
amount is reduced, whereas optimal utili-
zation and membership are increased
(Oakland, 1972, pp. 353-54). For provi-
sion, the marginal benefits from reduced
crowding must be equal to the sum of
marginal production costs and marginal
exclusion costs. Since this sum is greater
than marginal production costs alone,
marginal benefits from provision must be

26 Nichols, Smolensky, and Tideman (1971) and
Roger Feldman (1978) have demonstrated that
queues can determine membership size according
to the opportunity cost of time. Furthermore,
Nichols et al. have argued that queues are efficient
allocating devices, unless alternative means are less
costly than the deadweight loss of the queue. Ration-
ing by congestion charges differs from that by queu-
ing because the first collects a toll, while the queue
collects nothing (Porter, 1977).
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correspondingly larger for optimality (see
equation (6)); optimal provision falls. Fur-
thermore, utilization rates increase be-
cause the resulting marginal net damage
must equal the marginal exclusion costs
of utilization. This marginal net damage
is the difference between marginal crowd-
ing costs and the user’s marginal benefits
from utilization. Without exclusion costs,
optimal utilization is reached when mar-
ginal net damage is zero (see equation
(7))—all users fully compensate for dam-
ages inflicted on the club. With exclusion
costs, utilization is expanded even when
marginal net damages are positive, pro-
vided that these marginal net damages are
less than marginal exclusion costs. In this
situation, exclusion is more costly than the
uncompensated damage. These exclusion
costs can increase utilization rates and, in
an analogous fashion, membership size.

A third method of handling exclusion
costs is that of Kamien, Schwartz, and
Roberts (1973, pp. 225-29). These authors
have determined the optimal degree of
exclusion by including the degree of ex-
clusion in the transformation function.
Their optimal exclusion condition com-
pared the marginal benefits of utilization
(i.e., nonexclusion) with the marginal ex-
clusion costs.?”

E. Self-Financing and Efficient Tolls

An important question, “can eflicient
tolls self-finance optimal provision of the
shared good?” has been often asked (e.g.,
see DeSerpa [1978a], Mohring and Har-
witz [1962], Timothy Muzondo [1978],
Oakland [1972], Sandler [1975b; 1979],
Sandler and Cauley [1976], and David
Winch [1973]). An examination of condi-
tions (6) and (7) of the general model can

27 Kamien, Schwartz, and Roberts’s condition is
important because it distinguished between public-
ness in consumption models (1973), where the de-
gree of rivalry is exogenous to the problem (Alan
Evans, 1970; Mohring and J. Hayden Boyd, 1971;
Oakland, 1969), and publicness in production, where
the degree of rivalry is an endogenous variable.
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begin to answer this question. When the
per-unit toll (7) is set equal to the right-
hand side of (7) and the result is substi-
tuted into the provision condition, the fi-
nance condition is derived.

kT= MRT,,
(Finance Condition) (9)

This condition states that the sum of the
tolls paid on a unit of the shared good
suffices to finance marginal costs of provi-
sion; the toll is multiplied by the average
utilization rate when determining toll rev-
enues on a unit of the shared good because
each unit can be utilized more than once.
Even though an efficient per-unit toll
serves to finance marginal costs, the toll
fails to self-finance the shared good when-
ever average costs exceed marginal costs
—i.e., increasing returns are present.28

Deviations from this financing result are
usually traceable to the form of the con-
gestion function.?® If crowding depends
upon k and the provision amount, the new
financing condition requires that (1—Xcx/
kc)kT equals MRT,, (Oakland, 1972, p.
342). When congestion costs are homoge-
neous of degree zero in utilization and
provision, marginal costs are financed be-
cause cx is zero and the new financing
condition degenerates to (9). Otherwise
self-financing is not necessarily assured
whenever ¢ depends on k and X. In an
interesting paper, DeSerpa analyzed
three alternative crowding functions and
showed how self-financing is responsive
to the form of this function (1978a).

When increasing returns characterize
the production of the shared good, a two-
part tariff can levy a fixed membership

28 This financing condition assumes that no individ-
ual consumes the entire amount of the shared good
(i.e., i< X for all i). When this is not the case, financ-
ing problems can arise from free-riding behavior by
the group of full utilizers (Oakland, 1972, pp. 348-
49).

29 Another deviation can result from the sharing
of joint products associated with the shared good
(Muzondo, 1978; Sandler and Cauley, 1976).
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charge and a utilization fee. The fixed
charge attempts to recover the deficient
revenue required to self-finance the provi-
sion of the shared good (see Section VI-
A). Some form of outside intervention
(e.g., government subsidies) is needed for
financing purposes when a fixed charge
is not assigned.

F. The Institutional Forms of Clubs

Buchanan stated that myriad institu-
tional forms exist for clubs: e.g., a club can
be privately owned by a cooperative
membership, operated for a profit by a
firm, or publicly controlled by the govern-
ment (Buchanan, 1965, p. 7; 1968, chap.
9). Berglas (19764, p. 118) and Berglas and
Pines (1978, p. 11) demonstrated that a
perfectly competitive industry with iden-
tical firms supplying the shared good
would achieve the same efficiency condi-
tions as those of a private cooperative. In
this case, each firm operates as a club, and
no nonmarket intervention is needed. For
clubs consisting of overlapping genera-
tions of members, Sandler showed that ad-
equate incentives exist for privately
owned clubs to act with foresight, but do
not exist for government-operated ones
owing to short-run political objectives
(1979, pp. 18-22). Nevertheless, privately
owned clubs must be operated by a firm
rather than by its members if free-rider
problems with respect to the good’s main-
tenance are to be avoided.

In analyzing alternative institutional
forms, Hillman compared clubs operated
by a profit-maximizing monopoly with
those of a nonprofit cooperative (1978a).
He found that the nondiscriminating
monopolist provides a smaller output,
charges higher prices, and operates more
crowded facilities than the nonprofit coop-
erative. By using Berglas’s results, perfect
competition is seen to be preferable to
nondiscriminating monopoly whenever a
firm operates the club; however, Hillman
and Swan have shown that a discriminat-
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ing monopolist will always achieve an efhi-
cient market solution (1979a, p. 9).

In contrast, Ng argued that centraliza-
tion or government intervention is neces-
sary to achieve efliciency, since members
will maximize average rather than total
net benefits (1973; 1974). However, there
is no reason why the members cannot
form their own centralized authority to
collect the proper tolls because efficiency
gains will result.

With exclusion and monitoring capabili-
ties,3 nonprofit cooperatives and compe-
titive firms can usually operate the club
efficiently. The existence of a club situa-
tion does not automatically indicate mar-
ket failure. A complete analysis of institu-
tional form must await a fuller treatment
of transaction costs associated with alter-
native institutional forms.

G. Other Issues in Club Theory

1. Convexity of the Crowding Function.
Although most club models examining
partially rival goods employ a crowding
function,® relatively few researchers have
studied the actual form and convexity of
this function (see-Anthony Boardman and
Lester Lave [1977], Fiare and Grosskopf
[1979a; 1979b], Hillman [1978], Robert In-
man [1978], and Alan A. Walters [1961]).
This is an important issue, since the exis-
tence of a solution depends upon this con-
vexity. By studying the properties of the
crowding function, Fire and Grosskopf
(1979a, pp. 3-6) have shown under what
situations Hillman’s (1978) nonprofit clubs
exist. Furthermore, Inman has general-
ized the congestion studies of highways

30 Oakland analyzed a firm’s provision of a nonrival
good that is excludable and found that inefficiency
resulted because preferences could not be moni-
tored (1974).

31 The use of a crowding function in the utility
function is actually the introduction of a technology
of consumption. Club models that explicitly use the
new theory of consumption include Muzondo (1978),
Sandler and Cauley (1976), and Agnar Sandmo
(1973).
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by providing a congestion function that
includes the major functions previously
used (1978). More work on the form of
the crowding function appears necessary
and is currently underway by Fire and
Grosskopf.

2. Price and Income Effects in Club
Theory. Adams and Royer derived Slutsky
equations to analyze price effects on club
membership and provision (1977, pp.
155-57). Their model assumes identical in-
dividuals who equally share costs and who
utilize identical amounts of the shared
good. As is typical for Slutsky representa-
tions, the income effect and the total effect
of price changes on membership and
provision are indeterminant and depend
upon the form of the crowding functions,
the interaction between the membership
and provision conditions, and the nature
of the shared good (i.e., is it normal or
inferior?). Similar results for income ef-

fects were derived by Heavey and Gun-
zenhauser (1978).

In the special case where the quantity
of the shared good is fixed, Adams and
Royer demonstrated that an increase in
income reduces club membership (1977,
pp. 148-49). Therefore, a tendency to-
wards an inverse relationship between
membership size and income is predicted.

3. Relationship between Congestion,
Common Property, and Pollution. A num-
ber of distinctions and similarities can be
drawn between the externalities associ-
ated with congestion, common property,
and pollution. Rothenberg contrasted con-
gestion and pollution by indicating that
congestion has a symmetric effect on users
and abusers, whereas pollution has an
asymmetric effect (1970a, pp. 114-15).
That is, polluters may not be users of the
environment that they pollute. Haveman
then demonstrated that this asymmetry
implies that pollution is not self-limiting,
since the benefits to the abuser are not
exhausted as the quality of the environ-
ment deteriorates (1973, p. 285). For con-
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gestion and common property problems,
overuse results as participants maximize
their net benefits rather than total net
benefits (Weitzman, 1974; Robert Dorf-
man, 1974, p. 14). This overuse is self-lim-
iting because the surplus from overuse is
eventually exhausted as the quality of the
good deteriorates (or the rent from exploi-
tation falls to zero).

V. Game Theory Models of Club
Formation

A. The Game Theory Formulation

Game theory has helped to determine
the optimum number of clubs and their
stability; although, as pointed out in Sec-
tion V-C, some generality is sacrificed in
the formulation. By defining the set of
players in a game as the entire population,
both club and non-club members are con-
sidered for all possible partitions of the
population into multiple clubs. The con-
cept of the core is - used to examine the
stability of the various partitions. The core
is aless general solution than a Pareto opti-
mum, since a partition may be Pareto
optimal but not in the core, whereas a
partition in the core is also Pareto opti-
mal.

N-person game theory, developed by
John von Neumann and Oskar Morgen-
stern (1944), provides a natural formula-
tion of club problems. In game theory,
players have an incentive to form coali-
tions because of the payoffs available from
playing the game, while in club theory
members form clubs to partake of the
available benefits. The characteristic func-
tion used in game theory indicates the to-
tal net benefit available to all potential
coalitions of players and can be used in
club theory with some modification. If
S={1, . .. ,§}is the set consisting of the
entire population, and S = {1, . . . ,s} is
some subset of the population, then the
characteristic function is denoted v(S) for
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all S C $32 This function represents the
total net benefit available to a club consist-
ing of the members in $.3% If the entire
population forms a single club, the total
net benefit is v(S).

Each individual in the population is in-
terested in the net benefit or payoff avail-

able to him from possible club participa--

tion. If b= (by, . . . ,b,) is any vector of
these net benefits available to the popula-
tion, then individual rationality implies
b= ui}) for i=1, . . ,§ This holds be-
cause if individual i is in a club where
b; < u({i}), he can always do better by drop-
ping out and forming a club of one. The
rationality concept can be carried over to
any set of individuals including the entire
population. Thus,

Sies bi = v(S) (10)

for all SC S. Net benefit vectors that satisfy
(10) are said to be in the core. As a solution,
the core implies that no individual or set
of individuals can improve upon their situ-
ation by forming a different partition.
Since the entire population is one of these
sets, a core solution implies a Pareto opti-
mum. If a core solution is obtained for a
club consisting of the entire population,
then this is a stable club, since no member
or set of members will have an incentive
to drop out. Also, if a core solution is
obtained for a collection of m clubs,

32In game theory, the characteristic function is
defined to be super-additive, that is v(S' U §") =
v(S') + v(S") for all mutually exclusive sets S',
§" C S. The term v(S’' U S”) does not mean necessar-
ily that the players in §' U §” are acting as a single
decision unit, for if the two sets can do better apart
than together, they will stay apart and v(S' U
§")=0(S')+ v(S"). In club theory, v(S' U §") implies
that the two sets do act as a single decision unit
(i.e., one club). If the two sets could do better forming
separate clubs rather than a single club, it must be
the case that v(S' U ") < v(S') + v(S"). Thus, club
characteristic functions may be subadditive to allow
for this possibility (Pauly, 1970b, p. 55).

33 The authors who have applied game theory to
clubs have assumed transferable utility and have
used a scalar-valued characteristic function (see R.
Duncan Luce and Howard Raiffa [1957] for a de-
scription of transferable utility). Pauly defined v(S)
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(S1, . . ,Sm), then this is a stable collection,
since no member or set of members will
have an incentive to transfer among clubs
or to drop out and form new clubs.

B. Optimum Club Size and the Optimum
Number of Clubs

With a homogeneous population, the v
function depends only on the number of
club members and not on the composition
of the membership. In this framework, a
number of interesting results regarding
club size and the number of clubs have
been obtained by Pauly (1967; 1970b). TA-
BLE 1 will be useful in discussing these
results. For each membership size, the to-
tal and average net benefits for the club
are listed. The average increases up to
s = 4 because of scale economies, camara-
derie, and/or the sharing of an impure
public good, but after s = 4 the average
falls as these benefits give way to in-
creased congestion and decision costs. The
net benefits are zero for clubs of size 9
or greater.

The optimum club size, s*, was defined
by Pauly as the one for which average net
benefits are maximized; i.e., v(S*)/s*is a
maximum over all s (1967, p. 315; 1970b,
p. 56). This follows Buchanan’s (1965) ap-
proach. This is not the same as maximizing
total net benefits for the economy34 and
is at variance with the nongame formula-

as the difference between gross benefit and gross
cost functions (1970b). Both are measured in terms
of a numéraire good. Total benefits are the summa-
tion of individual benefits, and total costs include
resource costs, decision costs, and congestion costs.
Stephen Littlechild (1975) defined v(S) as the profit
available from full-time operation of the club, while
Sorenson, Tschirhart, and Whinston (1978b) equated
consumers’ surplus with the characteristic function.

34 Pauly stated that maximizing average net bene-
fit is the same as setting the marginal gross benefit
equal to the marginal gross cost of adding a member
(1967, p. 316). But this latter approach maximizes
total net benefit for the club, which will differ from
maximizing the average unless the total function is
linear in s. This approach also differs from maximiz-
ing the total net benefit for the economy. See foot-
note 21 on this point and also the discussion in Sec-
tion IV-B.
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TABLE 1
NET BENEFITS AND CLUB SIZE
Crus Size 1 2 3 4 5 6 7| 8| 9| 10
(s
TOTAL NET
BENRFITS [o5)] 4 1.50 9 16 175 18 14 8 _ 0 0
AVERAGE NET
BENEFITS 4 75 3 4 3.5 3 2 1 0 0
[(S)/s]

tions of Ng (1973), Helpman and Hillman
(1977), and that of the general model. This
apparent contradiction is reconciled in
Section V-C.

Consider the case where s* = § so that
the optimum club size is the entire popu-
lation. The core exists, and one solution
in the core is where each club member
receives v(S*)/s* From TABLE 1, s* =
§ = 4 and each member receives
v({1,2,3,4))/4 = 4. With these payoffs, no
subset of members can do better by aban-
doning the club.

There are, however, other core solu-
tions that involve unequal payoffs. In that
event, price discrimination is being prac-
ticed, although the basis for discrimination
is not the members’ characteristics as in
Section IV-C. In a world of equals, charac-
teristics do not vary. The core places
bounds on the extent of this price discrimi-
nation. For example, suppose member
one is being discriminated against, and the
payoffs are b= (.4, 5.2, 5.2, 5.2). Member
one could do no better by dropping out
of the club, since b, = .4 is the most he
could attain alone. Nor could he persuade
any other member or two members to join
him in a club of two or three because their
net benefits would be less than they cur-
rently receive. These payoffs are in the
core. But if two members were discrimi-
nated against in a like manner so that b
= (4, .4, 7.6, 7.6), members one and two
could either abandon the club and form
a new club of two, or they could be joined

by either member three or four in a new
club of three. Their situation improves in
both cases. In general, a core solution must
satisfy the condition that if members in
subset S are being discriminated against,
they must receive at least v(S).

When s* < §, the existence of the core
will depend on whether §/s*is an integer
and whether equal sharing is enforced. If
§/s*is an integer, then the core is attained
only if the entire population is divided
into clubs of size s* where each member
receives the equal share v(S*/s* When
clubs are not all of size s* there will be
incentives for non-members or members
in oversized clubs to join undersized clubs.
If all clubs are oversized, some members
will break off into smaller clubs. Suppose
§=8in TABLE 1, and two clubs form with
three and five members each. At least one
of the members in the club of five can
transfer to the three-member club. This
will be an improvement for the club of
three and possibly for the remaining
members in the five-member club de-
pending on whether there is discrimina-
tion and to what extent. Furthermore,
only equal-sharing payoffs are in the core
because any club that practices discrimi-
nation will find that either the members
being discriminated against are abandon-
ing the club or the members in the dis-
criminating group are replaced by mem-
bers of other clubs. If two clubs have
payoffs of (.4, 5.2, 5.2, 5.2) and (4, 4, 4,
4), then member one from the first club
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could move to the second club, or any
member of the second club could replace
any one of the last three members in the
first club. These results suggest that a mul-
ticlub world provides safeguards against
discrimination, since those being discrimi-
nated against have the option of transfer-
ring to another club (Pauly, 1970b, p. 59).

When §/s* exceeds one but is not an
integer, the core does not exist.35 An indi-
vidual omitted from all clubs of size s*
because of the integer problem can always
bid his way into a club by offering to ac-
cept a payoff lower than a club member.
The rejected club member is then on the
outside and free to bid his way into a club.
This shuffling never ends.

With a heterogeneous population, the
optimum number of clubs is considerably
more elusive. Pauly worked with a hetero-
geneous population divided into homoge-
neous groups (1970b). Each group is di-
vided into multiple clubs where average
net benefits are maximized and there is
no integer problem. Even in this restric-
tive model, however, little can be said.
The main result is that a core exists if the
clubs consist of identical members with
equal payoffs and that clubs with higher
average payoffs have fewer members than
those with lower average payoffs. This en-
sures that members of larger clubs have
no incentive to transfer to smaller clubs
or accept members from smaller clubs
(Pauly, 1970b, pp. 60-64).

Sorenson, Tschirhart, and Whinston

have examined heterogeneous clubs
where the only impetus for formation is
decreasing production costs (1978b). Un-
like the homogeneous case, total net bene-
fits to the club do not depend simply on
the number of members, but rather on
the numberand identity of members. This
means that maximizing average net bene-

35 An exception is given by Pauly’s Theorem 1
(1970b, p. 56). If equal sharing is enforced and all
clubs are of size s* the core exists. An omitted mem-
ber cannot bid into a club, since he cannot bargain
for a payoff lower than the members are receiving.
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fits is not a useful determinant of optimum
club size. In the homogeneous case, mem-
bers can evaluate their own payoff by
comparing it to the average benefit be-
cause their contribution to the club is the
same as everyone else’s contribution; in
the heterogeneous case, this same evalua-
tion is meaningless, since a member may
contribute more or less than others con-
tribute. When a club consists of the entire
population, a core can exist for a member-
ship greater than where the average bene-
fit is maximized. A sufficient condition for
core existence is that the provision level
that maximizes consumers’ surplus is in
the range of decreasing average costs. De-
pending on the members’ demands, core
existence is also possible beyond mini-
mum average cost; but there is the possi-
bility that for any output beyond mini-
mum average cost a single club is not
optimal.? Determining the optimum
number of clubs is similar to determining

- the optimum number of firms that have

U-shaped average cost curves. And mixed
clubs in this situation may very well be
desirable.

C. A Comparison of the Game and Non-
Game Formulations

A direct comparison of the game and
nongame formulations of club theory is
complicated by the different assumptions
used. The game formulation does not ad-
mit a well-defined interaction between
the provision and toll conditions. The non-
game formulations have a provision condi-
tion that is separate from the membership
condition, and the toll condition requires
that marginal cost pricing be adopted. For

36 The relationship between the average cost curve
and the number of clubs is related to the definition
of a single-product monopoly. An often used defini-
tion is that the firm’s cost function be subadditive
up to the quantity of output produced and, there-
fore, a single supplier is optimum (William Baumol,
1977). If v(S) is the maximum consumers’ surplus
available to S, a subadditive cost function is not suffi-
cient for a super-additive v function (Sorenson,
Tschirhart, and Whinston, 1978b, p. 94).
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a homogeneous population, each club
member’s total payment is identical and
consistent with his demands, since provi-
sion and toll conditions are found simulta-
neously. In the game formulation, there
is unlimited bargaining among the popu-
lation regarding payments to support the
clubs.3” The payoff, b;, represents a benefit
and charge to individual i, where the
charge is a lump-sum payment. The v
function implies nothing regarding the
distribution of these charges among the
members. For a particular b vector, a par-
ticular level of provision follows. But an-
other b vector may lead to different de-
mands and another level of provision.
Provision is relative to the charges. But
if v(S) is understood to be associated with
an optimum provision for membership S,
then the members’ demands must be in-
sensitive to the charges levied against
them. Otherwise, as bargaining pro-
ceeded, provision would change.

Essentially, the game formulation al-

lows the membership, provision, and fi-

nance conditions to be solved simulta-

neously, while the toll condition is solved
afterwards. There is latitude in solving the
toll condition, since different tolls are
compatible with a single solution to the
other three conditions. This is clearly dif-
ferent from the nongame formulation.38
Buchanan stated that, “. . . the quantity
of the good, the size of the club sharing

37 Arrow divided the approaches to imperfectly
competitive situations into those using per-unit pric-
ing and those using unlimited bargaining (1970). The
nongame and game formulations correspond to the
former and latter, respectively. He went on to indi-
cate how unrestricted bargaining can yield ambigu-
ous results, such as Pareto-optimal allocations that
are unstable and therefore not in the core.

38 This simplification regarding the toll condition
allows the use of a game with transferable utility
and a scalar-valued characteristic function. The gen-
erahty of the nongame formulation can be captured
in a game without transferable utility. Vincente Salas
and Whinston followed this procedure in a study
of regulated industries with multiple outputs (1978),
a subject that may prove useful in analyzing clubs
with multiple outputs (see Section VII-A).
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in its consumption, and the cost-sharing
arrangements must be determined simul-
taneously” (1965, p. 12). Also, the finance
condition in the game formulation stipu-
lates that total resource cost of the club
will be covered. A result from Section IV-
E is that in the nongame formulation full
financing is not always accomplished, for
example, when there are increasing re-
turns to scale in production. Thus, the
game formulation implicitly utilizes a sec-
ond-best pricing approach.

The authors who have used a game-the-
oretic formulation have approached the
provision question in different ways. Pauly
avoided the issue and simply stated that
v(S) reflects net benefit from the quantity
of good chosen (1970b, p. 55). Littlechild
abstracted from the level of provision and
was concerned only with whether the
good is produced at all (1975, p. 118). Basi-
cally, demands are perfectly inelastic and
insensitive to charges, provided that the
charge to a member does not exceed his
benefit. In an approach that used elastic
demands, Sorenson, Tschirhart; and
Whinston defined v(S) as the maximum
consumers” surplus available to S (1978b).
Provision was determined by the intersec-
tion of the aggregate downward sloping
demand curve and the marginal cost
curve. This yields a unique provision level
for each membership size, which corre-
sponds to the level attained under mar-
ginal cost pricing. However, the member-
ship lump-sum charges may be greater or
less than the amount that would be col-
lected if marginal cost pricing is used. To
ensure that these charges do not alter ag-
gregate demand, zero income elasticity
must be assumed. Finally, Ellickson maxi-
mized the sum of individual utilities sub-
ject to a transformation function with one
crowded public good and one private
good (1973). This is very similar to the
nongame approach. The solution pro-
duced provision conditions for the public
good and the total amount of the private



Sandler and Tschirhart: Survey of Club Theory

good. He then solved each member’s util-
ity maximization problem to find demand
functions and tolls that support these
provision levels. A problem arises, how-
ever, when more than one distribution of
the sum of utilities are considered. Each
different distribution must be associated
with different toils to satisfy the derived
demand functions. But different tolls im-
ply different demands and provision lev-
els, and the sum of utilities will change.
The sum cannot reflect a constant provi-
sion level with changing toll conditions
and at the same time remain compatible
with the demand functions.3?

In spite of the difference between the
game and nongame formulations, there
are parallels between them regarding the
optimum number of clubs for the homoge-
neous membership case. Both Ng (1973)
and Helpman and Hillman (1976; 1977)
implicitly assumed that only one club
forms when they maximize total net bene-
fits in their nongame formulations. For the
one-club solution with part of the popula-
tion omitted from the club, the core is
empty owing to the integer problem. If
the club’s membership is greater than that
which maximizes average net benefits,
there is an incentive to eject members un-
til the average net benefits of those re-
maining are maximized. If the club’s
membership is equal to that which maxi-
mizes average net benefits, nonmembers
are in a position to bid their way into the
club. One exception to the empty core

39 Members of Ellickson’s sharing groups were
characterized by the utility function Ut= yiX. Maxi-
mizing utility subject to a budget constraint yielded
specific demand functions. By maximizing the sum
of utilities subject to an economy-wide resource con-
straint, the utility vector (U1, U2, UB) = 134, 13¢, 154,)
was attained for X = 3¢ and (¢, ¢2, y3) = (1, 1,
%). Then.using the demand functions, prices were
found that cleared the market and yielded the utility
vector. But a second vector, (U, U?, UB) = (2, 2,
1146), was then assumed to be a possibility. This vector
is not consistent with the same amount of public
and private goods, and the same demand func-
tions.
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would be the case where average net ben-
efits are maximized when the entire popu-
lation is in one club (e.g., § = 4 in TABLE
1 and no integer problem).

The one-club constraint may yield a
Pareto optimum in some cases. Referring
again to TABLE 1, suppose §= 6. The core
does not exist because there is an integer
problem. Maximizing total net benefits
yields a Pareto-optimal club of 6, while
maximizing average net benefits yields a
Pareto-inferior club of 4. The integer
problem brings into question the defini-
tion of the optimum club size as that
which maximizes average net benefits
(Tisdell, 1977, p. 452; Sorenson, Tschir-
hart, and Whinston, 1978b, p. 86). As Ng
has pointed out, for Pareto optimality an
integer problem may require the club to
go beyond the membership that maxi-
mizes average net benefit (1973, p. 298).
Unfortunately, there seems to be no single
correct answer to the definition question,
since there are two different points of
view: the within-club point of view (maxi-
mizing average) versus the total economy
point of view (maximizing total).

For §> 6, requiring one club becomes
too restrictive for Pareto optimality.+ If
§ = 8, a one-club constraint yields a size
of 6. But two clubs of 4 each are Pareto
superior and in the core. If § = 12, maxi-
mizing total net benefits in a one-club
framework again yields a club of 6. Two
clubs of 6 each are Pareto inferior to three
clubs of 4 each.#! Thus, to obtain an econ-

40 For a different set of numbers in TABLE 1, requir-
ing one club can be too restrictive for Pareto optimal-
ity even when § = 6. For example, suppose v(S) =
3 instead of 1.5 for s = 2. Then with § = 6, one
club of 6 members is Pareto inferior to two clubs
of sizes 4 and 2. In this situation, the integer problem
requires for Pareto optimality that no club be of
greater size than that which maximizes average net
benefits.

41 Ng has pointed out that in this case his optimality
conditions are satisfied for both two clubs of 6 or
three clubs of 4 (1973). This is true, but the number
of clubs must be stipulated at the outset. His one-
club formulation vields one club of 6.
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omy-wide Pareto optimum, the number
of clubs must be treated as a variable.
Comparisons must be made for each alter-
native partition of the population to
achieve a Pareto optimum and possibly
a core solution (Ellickson, 1973).42 When
this is done and the core exists, maximiz-
ing total and maximizing average net ben-
efits converge to the same result: a Pareto-
optimum solution in the core. Total net
benefits are maximized when each club
is maximizing average net benefits and ev-
eryone is in a club (e.g., §= 12 with three
clubs of 4 each). Because Buchanan (1965)
and Berglas (1976a) have maximized aver-
age net benefits, their solution along with
Pauly’s will be identical to Ng’s, Helpman
and Hillman’s, and that of the general
model, provided that the number of clubs
is a variable in the latter three.

VL. Applications of the Theory of Clubs

The wide range of problems that has
been addressed by the analysis of club the-
ory underscores the usefulness of the the-
ory in applied work. A sampling of applied
work in six areas is now provided to illus-
trate this usefulness.

A. Public Utilities

1. Two-part Tariffs and the Club Princi-
ple. A long-standing problem in public
utility economics concerns pricing under
conditions of decreasing average cost. Pa-
reto optimality requires prices equal to
marginal cost of provision, but this results

42 This applies to all models of club theory, includ-
ing our general model, that constrain the number
of clubs to a fixed number. Ng stated that the number
of clubs could be made a variable (1973); but as an
alternative he suggested that additional clubs could
be treated as if they were consuming a different
good. Helpman and Hillman (1977), and Hillman and
Swan (1979a) indicated that their solution is Pareto
optimal when there is an explicit one-club constraint.
Such a constraint essentially defines institutional lim-
its on club formations. These latter researchers’ argu-
ment for Pareto optimality is relevant within the
confines of these limits (Buchanan, 1962).
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in a deficit.#3 The remedies for covering
this deficit constitute the marginal cost
controversy, which was summarized by
Nancy Ruggles (1950).

One possible remedy is to use a nonlin-
ear price structure: in particular, a two-
part tariff.#4 The two-part tariff consists of
a lump-sum license fee for each consumer
and a toll per-unit of utilization. The li-
cense fees are designed to cover any defi-
cit caused by tolls set below average cost
and can be interpreted as club entrance
fees, since they must be paid before any
utilization occurs. In this public utility
club, the members share a private good
with their only incentive for membership
being the decreasing costs of provision.
The license fees must be large enough to
ensure full financing, yet not so large as
to drive away too many potential club
members. That some potential members
may be driven away is an old point (Lewis,
1941); however, only recently have the
conditions for an optimal toll and license
fee been made clear by Ng and Weisser
(1974). They considered a uniform license
fee across consumers and derived the Pa-
reto-optimal toll, license fee, and number
of consumers or membership size.*> The

43 A price or toll equal to marginal cost of provision
for a Pareto optimum results because the shared
good is private. For an impure public good depicted
in the general model, the toll per-unit equals mar-
ginal congestion cost for a Pareto optimum. The £-
nance condition (9) illustrates that these latter tolls
equal marginal cost of provision, but will not cover
total cost of provision if there are increasing returns
to scale.

44 The literature on two-part tariffs is extensive.
Some early papers include those by W. Arthur Lewis
(1941) and Ronald Coase (1946), while more recent
papers are by Walter Oi (1971), Ng and Mendel Weis-
ser (1974), Spremann (1978), and Bridger Mitchell
(1978).

4 Wiseman was critical of the club principle in
public utility pricing (1957). He argued that two-part
tariffs do not avoid interpersonal comparisons of util-
ity, since there is no “best” way to set license fees.
The uniform license fee is one way, although nonuni-
form fees may allow for welfare improvements. An-
other way is to use game-theoretic solutions, which
determine a unique set of fees by accounting for
the opportunities available to all subsets of consum-
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toll may deviate from marginal cost of
provision, and the license fee may even
be negative.

2. Transportation and  Congestion
Functions. Roger Sherman has drawn at-
tention to a bias in transportation (1967).
Consumers pay marginal cost for private
transportation and average cost for public
transportation and, therefore, favor the
former. To alleviate the bias, Sherman has
suggested the use of a transportation club.
Consumers would pay a license fee for the
privilege of using a public transportation
system, and then a toll per trip equal to
marginal cost.

Other work has dwelt on the congestion
costs inherent in transportation systems.
Early studies of highway congestion were
done by Walters (1961), Mohring and Har-
witz (1962), Clifford Sharp (1966), and
Johnson (1964). Mohring and Harwitz
maximized the net benefit of highway
travel, where the costs include both capi-
tal costs of highway construction and con-
gestion or travel costs given by the general
function ¢(X,s).*¢6 Their conditions for a
maximum required: (1) that highway size
be increased to the point where the mar-
ginal cost of an increment in highway size
equals the marginal congestion cost saved
from that increment (provision); and (2)
a level of traffic such that the driver’s cost
of making a trip is equal to his travel time

ers (Littlechild, 1970; Sorenson, Tschirhart, and
Whinston, 1978a). Gerald Faulhaber used the game-
theoretic core to place bounds on the tolls when
license fees are not used (1975).

6 Empirical work requires that the exact form of
¢(X,s) be specified. This is difficult for highway travel
because of the complex relationship between traffic
speed and density. See Anthony Boardman and Les-
ter Lave (1977) and Inman (1978) for estimates of
this function used in deriving optimum tolls. The
complexity of the function can also cause ambiguous
results regarding the effect of demand shifts on opti-
mum tolls (F. J. Anderson and N. C. Bonsor, 1974b).
A more complicated situation is when there are het-
erogeneous highway users who contribute to con-
gestion in varying amounts. Sherman derived tolls
for bus and auto travelers that depend, in part, on
the substitutability between the two modes (1971).
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cost plus the marginal travel cost other
drivers must bear because of the increased
congestion caused by this driver (mem-
bership). The optimum toll is set equal to
the marginal travel cost imposed on other
drivers.#” William Vickrey emphasized
that these provision, membership, and toll
conditions must be solved simultaneously
for highways by arguing that congestion
tolls are not only useful in the short-run,
but should be part of any long-run expan-
sion plan (1969). Congestion is not some-
thing that must be completely eliminated;
rather, an optimum level of congestion
must be found (Davis and Whinston,
1967). Mohring and Harwitz also pointed
out that the tolls will fully finance the
highway if there are constant or decreas-
ing returns to scale in production and if
¢(X,s) is homogeneous of degree zero (see
Section IV-E). This last condition implies
that a doubling of both traffic and highway
size does not change total congestion cost.

Congestion tolls also have been exam-
ined for air travel (e.g., Michael Levine,
1969; Alan Carlin and Rolla Park, 1970;
James Likens, 1976). Likens studied the
three major airports serving Washington,
D.C.; and he noted that National is consid-
erably more congested than Dulles or Bal-
timore. A congestion function identical to
the one used in the general model of Sec-
tion III was estimated based on regres-
sions against inbound and outbound, com-
mercial and general aviation traffic.
Optimal tolls for all three airports were
found simultaneously, since the demand
at any one airport depends on the tolls
at the other two. This is essentially a prob-
lem where the number of clubs is fixed
at three and optimum membership is de-
termined for each.

47 Total congestion costs are sc(X,s). Therefore,
marginal congestion cost is dsc(X,s)/9s = ¢(X,s) +
§(9¢c(X,s)/0s). The first term is the travel cost the
individual driver experiences. The second term is
the travel cost imposed on other drivers and must
be set equal to the toll. The analogue to both terms
is the left-hand side of equation (7).
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3. Communications. The telephone has
received considerable attention regarding
the size of the sharing group. Artle and
Averous have referred to telephone sub-
scribers as members of a telephone club
(1973). They maximized the net benefits
of both subscribers and non-subscribers
and, in so doing, were the first to derive
the correct Pareto-optimum membership
size condition for one club (see Section
IV-B). The benefit enjoyed by a subscriber
includes both making and receiving calls.
This was noted by Lyn Squire who used
a benefit function that depends on utiliza-
tion of the phone and the number of other
subscribers (1973). He then derived provi-
sion, membership, and toll conditions
based on these benefits. The growth of
the telephone system was discussed in a
dynamic Artle and Averous model by von
Rabenau and Stahl (1974). Jeffrey Rohlfs
also discussed growth by examining in
more detail the demand for service (1974).
Demand depends on the number of sub-
scribers and also on their identity. This
is like a club where the characteristics
of the members are important. Rohlfs
showed that starting the telephone club
could be difficult under these conditions,
since there is no incentive for the first
members to join.

B. Community Size, City Size, and Local
Public Goods

In his celebrated article, Tiebout speci-
fied a model where “voting with the feet”
for the various public good packages, as
represented by the different communi-
ties, circumvents the preference revela-
tion problem and, in so doing, achieves
a Pareto-optimal allocation (1956). Hence,
a decentralized decision process can reach
allocative efficiency for local public goods.
To reach this result, Tiebout invoked some
limiting assumptions regarding the conti-
nuity of choice, public good provision, in-
come, and costs (1956, p. 419). He as-
sumed that a “sufficiently” large number
of communities exists, each with its own
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fixed public good package. Additionally,
all individuals live on dividend income,
have full knowledge of available public
good packages, and can move costlessly
between communities. For each commu-
nity, an optimal size exists in which the
cost per person for the public good pack-
age is at a minimum.*® Communities be-
low this size will attract residents, while
those above will repel residents, since
public good costs are assumed to be shared
equally. Finally, all intercommunity spill-
overs are zero; perfect exclusion for the
community club is possible.

The Tiebout community differs in some
important respects from the Buchanan
club, Tiebout’s communities are multi-
product clubs, whereas Buchanan clubs
are single-product ones. Public good pro-
vision is held fixed in the Tiebout model
but not in the Buchanan model. Thus, the
provision and membership decisions are
not simultaneously determined in the
Tiebout model; instead, a population
chooses among the alternative packages.
Membership (or community) size is solely
based on cost sharing in the Tiebout
model, while size is also based on cama-
raderie in the Buchanan club. A final dif-
ference concerns the infinite number of
individuals in the Tiebout population and
the finite number in the Buchanan popu-
lation (see especially Truman Bewley
[1979]). With infinite populations being
partitioned into a large number of com-
munities (an infinite number in some
models), no one needs to be left out and,
thus, the integer problem has been as-
sumed away. On the other hand, Tiebout
communities have at least two important
similarities with Buchanan clubs: both
share costs equally between homogeneous
members and both take a within-club

48 The determination of optimal community size
via a club model must be distinguished from the
related, but different question, concerning optimal
jurisdictional size. This latter issue refers to a com-
parison between political and economic domains as-
sociated with a public good. See Albert Breton (1965;
1966), Oates (1972), and Olson (1969).
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point of view (i.e., what is optimal from
the member’s point of view).

For Pareto optimality, the number of
communities in Tiebout’s model must be
sufficiently large so that all individuals can
find a public good package ideally suited
to their tastes (Stiglitz, 1977, pp. 308-09;
Ellickson, 1979a, p. 276).#° The entire het-
erogeneous population must be parti-
tioned into homogeneous groups, one
group in each community, such that the
cost per person for the public good pack-
age is a minimum in each community (see
Mueller [1976, p. 413]). Under these as-
sumptions, no individual can change loca-
tion and be better off (see Section V and
Pauly [1970b]). Mixed communities (i.e.,
those containing people with differing
tastes) are not Pareto optimal owing to
the equal cost-sharing assumption (see
Section IV-A). With all of these require-
ments, Pareto optimality is an unlikely
real-world solution to the Tiebout model,
although it is a theoretical possibility.

Numerous investigators have relaxed
one or more of Tiebout’s assumptions in
an attempt to achieve a more realistic rep-
resentation of community formation and,
consequently, have raised questions con-
cerning the Pareto optimality of resource
allocation in their modified Tiebout
model.5® Buchanan and Goetz (1972) al-
lowed for nondividend incomes, tax
shares, and crowding (also see Buchanan
and Wagner [1970] and Flatters, Hender-

4 Failure to have a sufficiently large number of
communities results in a nonconvexity in the form
of holes in the production or consumption set (Ellick-
son, 1979a, p. 276). This nonconvexity gives rise to
a discontinuity in the choice set. On Tiebout and
the existence of a solution, see Bewley (1979), Ellick-
son (1971; 1973; 1977; 1979a; 1979b), Donald Richter
(1978), and Frank Westhoff (1977).

50 A representative list includes the works of Ruth
Arad and Hillman (1979); Berglas (1976b); Berglas
and Pines (1978); Buchanan and Charles Goetz
(1972); Buchanan and Richard Wagner (1970); Frank
Flatters, Vernon Henderson, and Peter Mieszkowski
(1974); Bruce Hamilton (1975); Helpman (1979); Lit-
vack and Oates (1970); McGuire (1974a); Oates
(1968; 1969; 1972); Polinsky (1974); Rothenberg
(1970b); and William Wheaton (1975).
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son, and Mieszkowski [1974]). Their
model showed that an entrant to a com-
munity confers positive externalities in
terms of reduced cost shares for the resi-
dents, and negative externalities in terms
of increased crowding (1972). Non-opti-
mality is predicted because the entrant
equates marginal private benefits with
marginal private costs rather than equat-
ing marginal social benefits with marginal
social costs. Consequently, the marginal
influence on others is not included in the
entrant’s migration decision; i.e., individu-
als’ actions equate the averages between
the communities rather than equating the
margins.

Other extensions considered the intro-
duction of migration policy costs and dif-
ferent tastes and skills. Arad and Hillman
have shown that the inclusion of immigra-
tion policy costs, whereby residents pay
to relocate entrants, changes the condi-
tion for an optimal community size (1979).
Minimum average cost per person is no
longer desirable in the presence of these
costs, since the marginal costs of inducing
migration must be weighed against the
marginal savings in spreading costs over
more residents. In another extension,
Berglas demonstrated that economies of
scale and the costs of forming smaller com-
munities explain the existence of mixed
communities (1976b, p. 416). He also indi-
cated that variations in skills among peo-
ple determine community patterns, espe-
cially because these wvariations affect
marginal products which, in turn, deter-
mine income and tax shares. Resulting dif-
ferences in tax shares will certainly influ-
ence locational choice.

In their formal extensions of Tiebout’s
model, most researchers did not account
for the multiproduct assumption of Tie-
bout and, therefore, formulated single-
product club models (e.g., see Buchanan
and Goetz [1972]; Flatters, Henderson,
and Mieszkowski [1974]; and McGuire
[1974a]). These researchers also lost sight
of Tiebout’s fixed provision assumption
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when they simultaneously derived provi-
sion and membership conditions. A most
interesting paper by Berglas and Pines ex-
amined the determination of community
size when two congestion-prone public
goods are shared (1978). Further work on
this issue should produce more accurate
representations of the Tiebout process
and a better understanding of multiprod-
uct clubs (see Section VII-A).

Helpman and Pines formulated a type
of Tiebout model to examine the optimal
dispersion of a fixed population over a
number of cities, each of which contains
a unique package of public goods (1980).
Their analysis depicted how investment
policies and income redistribution pro-
grams could bring about an optimal popu-
lation dispersion pattern. Oscar Fisch pre-
sented club models that can be directly
applied to the determination of optimal
city size (1975). He specified a model
where an increase in a city’s population
raises income due to scale economies of
production in the central business district,
but it also increases rents due to crowding.
Optimal city size is reached when the
marginal increase in income equals the
marginal increase in rents. In a different
approach, researchers employed a con-
gestion model to determine the optimal
land-use pattern in cities (Avinash Dixit,
1973; Yitzhak Oron, Pines, and Eytan
Sheshinski, 1973; Robert Solow, 1973; So-
low and Vickrey, 1971). These researchers
derived the optimal division between land
used for roads and residential areas within
a city. The land-use models for cities are
similar to the general model of Section
III, since the traffic congestion function
depends upon either the traffic density,
which is identical to the average utiliza-
tion rate (k), or the volume of vehicles.

C. Political Coalitions

Coalition formation in politics shares
both similarities and differences with club
formation. In politics, the objective is to
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form a winning coalition, or one that will
be victorious over any opposing coalitions.
A winning coalition reaps all the potential
rewards, while the losing coalition re-
ceives zero or even negative rewards. In
fact, the political contest is often assumed
to be a zero-sum game so that the victors
win whatever the losers lose. Under this
assumption, the size of the winning coali-
tion is determined by the size principle
(William Riker, 1962; Riker and Peter
Ordeshook, 1973): The equilibrium size
of the winning coalition is always the mini-
mum required for victory, i.e., 50 percent
of the relevant population plus orie under
majority rule.

In club theory, there is no analogous
concept to winning or losing. Any club
that forms and provides benefits to its
members is essentially a winner. And mul-
tiple clubs need not be opposing one an-
other, except that they may compete for
members when there is no core. A club
that maximizes average net benefits is us-
ing the size principle, since both provide
the maximum per member payoff.

The key difference between political co-
alitions and clubs is that in clubs optimum
provision changes with membership size
(Pauly, 1967, p. 321), while in political co-
alitions optimal provision is fixed and does
not change with membership size. Fixed
provision is equivalent to the zero-sum
game assumption, and political coalitions
would want to minimize membership size
in order to maximize net average benefits.
However, Thomas McCaleb investigated
political coalitions where the payoff is in
terms of an impure public good instead
of a private good (1974). This is essentially
a relaxation of the zero-sum assumption,
and as McCaleb showed, a minimum win-
ning coalition may no longer be optimal.

D. Recreation

The use of national and state parks, for-
ests, and wilderness areas in the United
States has increased dramatically over the
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TABLE 2
SYNOPTIC COMPARISON OF HIGHWAY AND RECREATION AREAS

HiGHWAY RECREATIONAL AREA
Measure Time required to complete The number of trail
of Congestion a trip of fixed length and camp encounters with
other hikers (George Stankey, 1972)
Interaction A technical function relating A technical function

between measure
and membership
size

number of vehicles and their
speed (Boardman and Lave, 1977)

relating number of hikers

and their likelihood of
encounters (Smith and Krutilla,
1974; Cicchetti and Smith, 1976b)

Valuation
of measure

Estimate value of travel time

Estimate willingness to
pay to avoid encounters

past two decades. Increased usage means
greater congestion at these sites and a con-
comitant reduction in the quality of the
recreational experience. This has led re-
searchers to study optimum congestion
and provision levels for these areas by us-
ing analytical techniques similar to those
used in club theory.

The problem was conceptualized geo-
metrically by Anthony Fisher and John
Krutilla (1972). They constructed total
benefit and total cost curves as a function
of user days, where these days can be
thought of as membership size. Both of
these curves depend on the capacity of
the recreational site, and a different set
of curves was constructed for each capac-
ity level. Their construction is similar to
the second quadrant of Figure 2 where
net benefit curves are constructed, one
for each provision level, as a function of
membership. Fisher and Krutilla pro-
ceeded to determine an optimum mem-
bership size and provision level in a like
manner to Figure 2. Their definition of
total cost also included damage to the eco-
logical environment. This is essentially a
depreciation cost, or an intertemporal cost
due to utilization, which is important for
clubs that have multiple generations of
members (see Section VII-B).

The congestion applications to recre-
ation parallel those in the highway studies
discussed earlier in this Section. In both
cases there are three main aspects in de-
termining the relationship between mem-
bership size and congestion costs. First,
a measure of congestion is defined that
links crowding with decreased utility; sec-
ond, the physical relationship between
this measure and total membership is
derived; and third, the value members
place on the congestion measure is
established.5! TABLE 2 provides a compari-
son between the highway congestion
problem and one approach to the con-
gestion problem in a low-density recre-
ational area.

In a series of works, Charles Cicchetti
and V. Kerry Smith estimated optimal
membership size for a low-density recre-
ation area of fixed capacity (1973; 1976a;
1976b). They first estimated a representa-
tive individual’s willingness-to-pay func-
tion that depends on trail and camp en-

51 A popular method of estimating the demand
curve for recreational sites is to use travel costs to
and from the site as a proxy for price. Consumers’
surplus can then be measured from the estimated
curve. However, this measure will underestimate
the true surplus if the site is characterized by excess
demand (Kenneth McConnell and Virginia Duff,
1976).
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counters. Questionaires were distributed
to hikers to obtain the information. By dif-
ferentiating the aggregate willingness to
pay function with respect to the number
of hikers, they illustrated analytically how
the optimum membership size is deter-
mined where the marginal congestion
cost imposed by an additional hiker is
equal to the average congestion cost to
all hikers. This is identical to the member-
ship condition of McGuire (see [1974a]
and footnote 21) and assumes that con-
gestion cost falls equally on all users.
When this is not the case, the optimum
membership may be different depending
on the distribution of these costs (Freeman
and Haveman, 1977).

The possibility of multiple recreation
sites administered as clubs was considered
by Anderson and Bonsor in a theoretical
framework (1974a). Each club charges a
toll based on congestion costs, and in equi-
librium visitors will distribute themselves
over the clubs according to their tastes
for crowding. Clubs with high (low) tolls
experience low (high) congestion. Mixed
clubs can be optimal in this situation, be-
cause both sharing arrangements and tolls
may vary (see Section IV-A).52 McConnell
(1977) and Timothy Deyak and Smith
(1978) both applied this concept by inves-
tigating optimum congestion patterns
among multiple clubs or recreational
areas. Deyak and Smith contrasted re-
mote camping to developed camping.
Their results showed that congestion is an
important determinant of demand for the
former, but that the same claim could not
be made for the latter. McConnell studied
patterns of beach use in Rhode Island, and
through the use of questionaires he deter-

52 Tisdell discussed various ownership possibilities
for a wilderness area (1979). One possibility that he
criticized is club ownership, since the tendency
would be to maximize average instead of total net
benefits and, therefore, a Pareto optimum is not at-
tained. But if multiple clubs are desirable, which
would seem likely for wilderness areas, this criticism
is not valid (Section V).
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mined optimum congestion levels among
diverse beaches that range from 50 users
per acre to over 5000 users per acre. The
conclusion was that varying congestion
standards across beaches could increase
social value.

E. International Organizations and Alli-
ances

Beginning with Olson’s study of collec-
tive action (1965), a great deal of interest
was and continues to be shown in apply-
ing public good theory to an analysis of
international organizations, especially
alliances.5®* Olson and Zeckhauser pro-
vided a theoretical basis for the observed
disproportionate burden sharing by large
NATO allies (e.g., U.S., U.K.) during the
1950’s and early 1960’s (1966). Although
they recognized the impurely public as-
pects of general defense expenditures,
Olson and Zeckhauser presented a pure
public good examination of deterrence ex-
penditures within an alliance. Using a
Cournot reaction process,* they showed
that a stable, suboptimal independent-ad-
justment equilibrium results as allies ad-
just for deterrence “spill-ins,” but not for
spillovers; hence, allies equate their mar-
ginal benefits and marginal costs rather
than those for the entire alliance when
deciding expenditures. The full range of
spillover benefits is consequently unac-
counted for, and suboptimality results. Ol-
son and Zeckhauser also indicated that
their analysis applies to other interna-

53 A few representative articles from this literature
are the following: Olson (1971), Olson and Richard
Zeckhauser (1966), John Ruggie (1972), Bruce Rus-
sett (1970), Russett and John Sullivan (1971), Sandler
(1975a; 1977), Sandler and Cauley (1975), Sandler
and William Schulze (1980), and Raimo Viyrynen
(1976). For a more complete bibliography of the col-
lective-goods literature of alliances, see Sandler and
Forbes (1980).

54 The Cournot reaction process for public goods
was discussed by Breton (1970), McGuire (1974b),
Ng (1971), Pauly (1970a), and Sandler and Robert
Shelton (1972).
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tional organizations such as the U.N.
(19686, p. 275).

Sandler recently reexamined alliance
behavior and stressed the club aspects of
defense expenditures by separating these
expenditures into deterrent and protec-
tive (i.e., damage-limiting) components
(1977). Deterrence, as provided by Tri-
dent submarines and nuclear missiles, re-
lies on the threat of punishment and is
nonrival between allies; i.e., additional
allies can join the alliance without dimin-
ishing the amount of deterrence provided
to the existing allies. In contrast, many of
the benefits of protective weapons (e.g.,
antiballistic missles, antitank guided
weapons) are impurely public owing to el-
ements of rivalry and exclusion. When an
arsenal of protective weapons is required
to protect a larger front or perimeter as
a new ally joins, a thinning of forces re-
sults from a spatial rivalry, which detracts
from the protection of other allies. Since
damage-limiting forces can be withdrawn
and deployed elsewhere, many benefits
of protective weapons are excludable at
the will of the provider.

By specifying a club model for alliances
similar to the general model of Section
III, Sandler derived membership, toll, and
provision conditions (1977, pp. 450-55).
Unlike Olson and Zeckhauser, Sandler
showed that membership size restrictions
must be placed on alliances due to the
rival aspects of thinning. He also demon-
strated that self-financing and stability are
promoted by a toll scheme that charges
for the excludable benefits of the alliance.
In a subsequent study, suboptimality was
shown to depend upon the ratio of exclud-
able to total alliance benefits (Sandler and
Forbes, 1980). As this ratio approaches
one, suboptimality falls to zero, since club
and market arrangements can allocate de-
fense costs according to utilization rates.
Sandler and Forbes tested their model for
1960-75 and found that defense payments
of the allies more closely correspond to
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the benefit proxies during the 1970’s
when NATO increased its relative ex-
penditures on protective weapons whose
benefits usually are excludable.

Other international organizations (e.g.,
the World Health Organization, Interna-
tional Telecommunications Union) can be
analyzed with a club model owing to ri-
valry aspects associated with the benefits
they provide. Devolution can also be ex-
plained with a club model in which one
or more regional participants no longer
sees net benefits from membership in the
“national club.”

F. Cost Allocation and Game Theory

Increasing returns to scale in pro-
duction are an impetus for the formation
of clubs. Members can aggregate their de-
mands and attain a given provision level
at less cost than if they obtained the good
on their own. Aggregation, however, gives
rise to problems of cost allocation: tolls
equal to marginal production cost result
in a deficit. Therefore, if members are to
cover total cost, another pricing arrange-
ment is required. If a member has a dis-
proportionate share of the cost allocated
to him, he may choose to abandon the fa-
cility and go it alone. This would be a loss
to the remaining members, since they are
less able to take advantage of the scale
economies. The same concept also applies
to any set of members. Thus, any member
or set of members must not be over-
charged if scale economies are to be fully
exploited. The concept of coalitions of
members being charged acceptable sums
suggests game theory and the core as a
working framework.

As mentioned in Section V-C, using a
game-theoretic characteristic function
with transferable utility implies that de-
mands must be insensitive to tolls if a
unique provision level is associated with
each membership size. The assumption
used in the game-theoretic applied work
is that demands are perfectly inelastic



1512

over some range of tolls. The characteris-
tic function is defined as

v(S)=2i C(xt)— Q2 x), (11)

where C(x?) is the cost of serving member
ialone and C(Zi; x?) is the cost of serving
all members in S together.5® Equation (11)
is the net benefit of cost savings available
to S. Provided that the cost function is
subadditive, v(S) is positive. Once v(S) is
calculated for all relevent subcoalitions,
game-theoretic solutions can be used to
determine payoffs in the core.?

Dermot Gately studied the problem of
electric power production in India (1974).
The club members were different regions
within India that could enjoy savings
through cooperation in planning invest-
ments. Some of the solutions that were
explored include the Shapley value, nu-
cleolus, the von Neumann-Morgenstern,
and payoffs that minimize the tendency
to disrupt the club. The nucleolus was
used by Mitsuo Suzuki and Mikio Naka-
yama to allocate the costs of water projects
in Japan where the club membership in-
cluded cities and agricultural associations
(1976). The capital cost of airport runways
at Birmingham Airport, England, was allo-
cated to aircraft types in a study by Little-
child and Thompson (1977). They exam-
ined the Shapley value and variations of
the nucleolus and pointed out that the
charges, which include a price per landing
and takeoff and a lump-sum fee for com-

55A variation of (11) was used by Littlechild (1975)
and Littlechild and G. F. Thompson (1977), where
a measure of benefits replaced C(x?) for each mem-
ber. If the measure of benefits is consumers’ surplus,
the resulting characteristic function is strategically
equivalent to equation (11) for inelastic demands
(Sorenson, Tschirhart, and Whinston, 1976, p. 505).

5 Two of the most often used solutions are the
Shapley value (Lloyd Shapley, 1953) and the nucleo-
lus (David Schmeidler, 1969). Martin Shubik was the
first to propose using the Shapley value as a method
of cost allocation (1962). Littlechild (1970) and Edna
Loehman and Whinston (1971) suggested using the
value in the realm of public utilities, and Susan Ham-
len, William Hamlen, and Tschirhart (1977) applied
it to accounting problems.
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mon costs, are an example of the club prin-
ciple used in public utility pricing (Wise-
man, 1957). One final study in this area
involved cost allocation of a waste-water
treatment system in Missouri (Loehman
etal., 1979). Club members included com-
munities and industrial plants located

_ along a river. A generalized Shapley value

was used as an allocation mechanism.57 In
all of these papers, the size of the club
consisted of the entire relevant popula-
tion; i.e., all of the aircraft types, all of
the communities and industries on the
river, and so on. The inherent economies
of scale in each problem implied that
optimality is achieved in one club with
everyone included (Littlechild, 1975, p.
122; Sorenson, Tschirhart, and Whinston,
1978b, p. 83).

VIIL. Current and Future Directions for
Research on Clubs

A. Multiproduct Clubs

With few exceptions,® analyses of clubs
have examined collectives sharing only
one impure public good; however, clubs
often share and provide multiple services
or products. Country clubs provide a golf
course, a swimming pool, tennis courts,
and rooms for social events. Analysis of
multiproduct clubs must answer a host of
questions. Should the entire membership

57See Guillermo Owen (1968), Loehman and
Whinston (1976), and Hamlen, Hamlen, and Tschir-
hart (1980), for a discussion of the generalized Shap-
ley value.

58 Articles that specifically referred to multiprod-
uct clubs include Berglas and Pines (1978, pp. 20~
23), Sandler (1977, p. 455), and Tiebout (1956). Other
investigators examined joint products in a mixed
framework (e.g., see Barzel [1971], Boyd [1971], El-
lickson [1978], Lawrence Leuzzi and Richard Pol-
lock [1976], E. ]J. Mishan [1969; 1971], Mohring and
Boyd [1971], Muzondo [1978], Pauly [1970a], Samu-
elson [1969], Sandler [1978], Sandler and Cauley
[1976], and Neil Singer [1971]); however, these joint
products typically included a private and an impure
or pure public good, rather than multiple impure
public goods. Consequently, the questions raised
here were not examined.
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share in all of the services offered, or
should an optimal sharing group be deter-
mined for each service, even though
members are excluded from some ser-
vices? Will some clubs attempt to attract
members by offering just one or a few
services, while others offer a wide range
of services? Will self-financing of multi-
product clubs require cross subsidization
between products with some products
paying for others? Is complementarity in
the production of multiple outputs a suffi-
cient justification for multiproduct clubs,
or must complementarity in consumption
be required as well? These questions dem-
onstrate that membership, stability, self-
financing, and provision issues are more
complex for multiproduct clubs.

Since communities, cities, and local gov-
ernments share multiple services, an ade-
quate study of multiproduct clubs will pro-
vide a better theoretical foundation for
local public good analyses. A similar state-
ment was made by Berglas and Pines who
presented a multiproduct club model; but
they introduced a constraint requiring the
entire membership to share in each ser-
vice (1978, p. 21). Furthermore, they did
not examine cross subsidization or com-
plementarity in production.

In a most interesting series of papers,
Baumol and others presented an analysis
of multiproduct firms producing private
goods (see Baumol [1977]; Baumol, Eliza-
beth Bailey, and Robert Willig [1977],
Baumol and Dietrich Fischer [1978]; Ja-
rusz Ordover and Willig [1978]; John Pan-
zar and Willig [1977a; 1977b] and game-
theoretic approaches by Faulhaber [1975]
and Salas and Whinston [1978]). These ar-
ticles studied the sustainability of mo-
nopoly, cross subsidization, economies of
scope (i.e., complementarity in produc-
tion), and the optimal number of firms:
all these issues are closely related to the
above questions. A marriage between
their analysis and that of club theory
should produce a useful theory of multi-
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product clubs.?® In so doing, the sharing
group size for each product must be intro-
duced into the cost functions, and the par-
tial indivisibility of the multiple products
must be accounted for.

B. Intergenerational Clubs

Another extension of club analyses con-
cerns clubs with multiple over-lapping
generations of members® (e.g., communi-
ties, fraternities, professional associations,
international organizations). Decisions re-
garding national park management, high-
way maintenance, wilderness area provi-
sion, and school district design can be
examined with the principles of intergen-
erational clubs. In contrast to previous
studies of clubs, an intertemporal model
is required when analyzing intergenera-
tional clubs, since costs imposed upon club
members by an entrant or user may be
either atemporal (i.e., crowding) or inter-

- temporal (i.e., depreciation due to utiliza-

tion) and, additionally, may involve both
present and future members. Deprecia-
tion is the intertemporal analogue of
crowding and can be best described as a
wearing down or detraction in the good’s
quality due to utilization. The deprecia-
tion phenomenon may appear as reduced
attractiveness, loss in operative efficiency,
loss in regenerative ability, and reduced
usable area.

Sandler presented an intergenerational
club model, which included depreciation
and which derived Pareto-optimal mem-
bership, toll, and provision conditions
(1979). These conditions included both
crowding and depreciation costs and,
therefore, justified a smaller membership
and larger tolls and provision than in the
absence of depreciation costs. Sandler also

5 Qur current research is pursuing this method
for multiproduct clubs.

60 Earlier treatments that mentioned this problem,
but did not analyze it in an intertemporal frame-
work, include Davis and Whinston (1967), and Fisher
and Krutilla (1972).
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demonstrated optimal requirements for
maintaining the shared goods and for de-
termining the membership periods of the
participants: both considerations are new
to club modeling. His analysis showed that
the sequence of members must be consid-
ered for all club decisions, and myopia is
strongly related to the institutional form
of clubs. All club issues, especially self-fi-
nancing, increased in complexity for inter-
generational clubs. More research on in-
tergenerational clubs is necessary, since
many questions remain unresolved (e.g.,
the stability question, the optimal provi-
sion paths).

C. Other Possible Directions for Future
Research on Clubs

As mentioned in Section IV-F, transac-
tion costs must be more fully incorporated
into club theory if the institutional form
question is to be resolved. This incorpo-
ration represents an important future
research direction. Another direction in-
volves the stability issue for hetero-
geneous clubs—to date, little has been
done on this question (however, see Pauly
[1970b] and Sorenson, Tschirhart, and
Whinston [1978b]). Still another direction
for future research concerns a dynamic
representation of clubs investigating such
issues as innovation and growth in de-
mand. Smith examined innovations in pro-
duction and delivery systems for clubs
(1976). Although his study is a worthwhile
start, he did not go far enough, since a
static framework was used. Two studies
on the telephone system presented per-
haps the only dynamic model on clubs;
however, these studies made many re-
strictive assumptions (e.g., stationary pop-
ulations, absence of crowding costs) limit-
ing their dynamic analysis of clubs (Artle
and Averous, 1973; von Rabenau and
Stahl, 1974).

Another suggested research direction
concerns the inclusion of a spatial dimen-
sion to club analysis. A previous attempt

Journal of Economic Literature, Vol. XVIII (December 1980)

ignored crowding when the location of
members was considered (Jon Harford,
1979). Currently, the most complete spec-
ifications of a spatial club with crowding
are those concerned with optimal city size
(see Dixit [1973]); Fisch [1975]; Oron,
Pines, and Sheshinski [1973]). More work
on spatial clubs appears warranted, since
no general analysis of spatial clubs exists.
A final area of research that may prove
fruitful is to allow for uncertainty. Hillman
and Swan introduced the possibility that
club membership is uncertain, and indi-
viduals maximize expected utility over
two states of the world: membership and
nonmembership (1979b). Another possi-
bility is to consider congestion as random
in nature, and to explore how various
forms of risk-averse behavior effect club
participation.

VIII. Summary and Conclusions

Although the formal study of clubs in
economics is a relatively recent occur-
rence, some of the essential aspects of the
subject have been studied for over sixty
years. This long-term interest is not sur-
prising given the fundamental nature of
the subject, viz., people voluntarily coop-
erating for mutual advantage. Coopera-
tion can be observed among industries,
communities, and countries, and it forms,
in part, the subject matter of welfare eco-
nomics, public finance, and game theory.

The recent emphasis on club theory has
generated a number of controversies. In
Sections IV and V, these controversies
have been analyzed, and in some cases
resolved. The necessary conditions for a
Pareto-optimal membership size were
shown to depend on whether: (1) the club
consists of homogeneous or heteroge-
neous members; (2) the point of view is
that of the club members or the total econ-
omy; and (3) the number of clubs is a varia-
ble. A variable number of clubs requires
that the optimal number and size of clubs
be determined simultaneously. For heter-
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ogeneous membership, mixed clubs were
shown to be efficient when there are no
second-best constraints imposed. Self-fi-
nancing of clubs hinged upon scale econo-
mies and the form of the congestion func-
tion utilized, and various institutional
forms of club ownership could achieve op-
timal results, provided exclusion capabili-
ties exist. The links between the game and
nongame formulations were also dis-
cussed, although the former were shown
to be less general.

While old controversies are being set-
tled, new ones will surely emerge.

Nevertheless, the theory of clubs is ap-
plicable now to numerous-issues. This is
evident from the wide variety of topics
covered by the selected applications in
Section V1. For some cases, the applicabil-
ity is immediately apparent (e.g., commu-
nity size), while for other cases it is less
so (e.g., public utilities). In every case, one
or more of the basic elements in club anal-
ysis contributed to the topic.

In this evaluative survey, the efforts of
many researchers have been synthesized
for the purpose of resolving controversies,
demonstrating applications, and suggest-
ing areas of future work. If this survey
has accomplished these goals, it should
stimulate further interest in the theory of
clubs.
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