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Introduction

The purpose of this paper is threefold. First, I hope to contribute to an under-
standing that not all problems of public goods provision are Prisoner’s Di-
lemmas. Second, I intend to survey some of the existing alternatives to the
Prisoner’s Dilemma-model, as well as to present some new meodels which I con-
sider relevant to the study of this kind of problems. Finally, 1 try to identify the
specific conditions under which each model is appropriate.

The article is organized as follows. The first section gives a brief outline of
some of the limitations, as well as the possibilities, inherent in the use of binary
choice n-person games, which is the central analytical tool used throughout the
paper. The next provides four important distinctions which are used to catego-
rize different types of public goods provision problems. These distinctions are (i)
Whether the good in question is of an ‘inclusive’ of ‘exclusive’ nature; (ii)
Whether the good can be provided in continuously divisable amounts, or only
in discrete ‘steps’ or ‘lumps’; (iii) Whether the group under consideration is large
or small; and (iv) Whether or not the group is symmetrical, in the sense that all
group members are of equal size and take an equal interest in the provision of the
good. Having explored these distinctions, I then turn to a discussion of the
various symmetric cases, and finally some asymmetrical possibilities are pre-
sented.

On the Use of Binary N-Person Games

The central analytical tool used throughout this paper is binary n-person games,
represented by so-called Schelling-diagrams. This way of representing game-
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theoretic models was developed - to my knowledge independently - by Thomas
C. Schelling and Henry Hamburger in the 1970's (Hamburger 1979, Schelling
1978).

An obvious strength of this kind of models is their perplexing simplicity,
making complex strategic situations easily comprehensible to students without
extensive knowledge of mathematics. However, in some of the examples to be
discussed below, such models may be criticized for being roo simplistic. While in
some cases - such as certain instances of voting - each participant faces a
genuine binary choice, in others there is a continuous set of alternative strategies
available to each player. The latter possibility applies, for example, when contri-
butions to the provision of a public good can be given in the form of a freely
chosen amount of money. Thus, while the models presented below typically
depict the alternatives as being ‘Cooperation’ and ‘Defection’, respectively, in
many real-world situations each agent may choose from a variety of levels of
cooperation. This simplification has as a consequence that conclusions drawn
from binary models are not always completely equivalent to those obtained from
corresponding (and possibly more realistic) models of the same phenomenon
which explicitly assumes the existence of continuous action variables, Although
I shall try to point out some divergences of this kind, such comments will mainly
be confined to the footnotes.

Some of the models that are discussed below have clear analogies within the
realm of 2% 2-games. However, it is also clear that many have not. Wherever such
parallels exist, they are indicated by using the names of the 2x2-games that
correspond to the n-person games that are actually considered.

Finally, a note on the way the material is presented: The aim here is to indicate
the span of variety within the realm of models relevant to problems of public
goods provision. The number of models, together with limited space, makes it
necessary to deal with each particular model in a somewhat superficial manner.
Hence, no extensive discussion of the likely outcome under various rules of the
game in each model has been possible - although the matter is of course not
completely ignored. The main focus of the article, it should be kept in mind, is
on the categorization of different types of situations that may arise, rather than
discussion of the implications of each particular situation.

Some Central Distinctions
Following Mancur Olson, a public (or collective) good is here defined as

.. any good such that, if any person x; in a group X, .., %, .., %; consumes it, it cannot feasibly
be withheld from sihers in that group. (Olson 1965, 14)

Thus, the defining characteristic of public goods is held to be nonexcludabifity.
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The specific character of the problems inherent in providing such goods
depends on at least 4 other aspects of the situation under consideration. Two are
concerned with characteristics of the particular good to be provided, while the
others deal with the structure of the relevant group.

The first distinction concerns the extent to which the good is characterized by
nonrivalness of consumption. This refers to whether or not consumption of the
good by one individual significantly subtracts from others’ consumption of it.!
If a public good is also characterized by nonrivalness of consumption, it is called
an inclusive good (Olson 1965, 38). Among the standard examples of this kind
of goods are the lighthouse, fresh air and national defense. If, on the other hand,
the consumption of one individual significantly detracts from the amount of the
good being available to others, Olson speaks about exclusive goods. A typical
example is the extra profits being available to the firms in a particular industry,
if they act in concert to restrict aggregate output, If one firm sells more at a given
price, others have to sell less, so that the total benefits that can be gained from
a higher price is fixed. Another example, even more easy to grasp, is the tradi-
tional pie. Suppose that for some reason, it is not feasible to exclude any member
of a given group from sharing a pie once it has been provided, so that the pie is
a public good for the group. Since any picce of the pie that is consumed by one
person cannot be caten by others, we have an example of a good exhibiting
perfect rivalness of consumption.

The second distinction refers to whether or not the good is of a ‘lumpy’ nature,
i.c., whether it can be provided only in some minimal amount, or is available in
continuous quantities (Taylor & Ward 1982). An example of the first type of
good is again the lighthouse, while national defense or clean air may be said to
be continuous goods - at least unless there exists a certain threshold beneath
which expenditure on weapons has no deterrence effect, or abatement is useless.
The qualification should remind us that the lumpiness-distinction is one of
degree, rather than a dichotomy. Thus, Taylor & Ward suggest that many envi-
ronmental goods have a somewhat ‘lumpy’ character:

Ecological systems such as lakes, rivers, the atmosphere, fisheries and so0 on can normally be
explodted up o some critical level while largely maintaining their imegrity and retaining much of
their use value 1T exploitation rates go bevond that critical level, use value falls catastrophically.
(Tavlor & Ward 1982, 354).

Further examples of lumpy goods can be found with goods of the public works
variety, e.g. roads, rails and bridges. In all these cases provision is only possible
in more or less massive ‘lumps’ In addition, electoral victory is sometimes
mentioned as an example of a lumpy good, since one or two votes may some-
times be pivotal among millions (Hardin 1982, 59).

A third aspect of situations of public goods provision to be discussed here is
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the size of the relevant group. The importance of this variable has been parti-
cularly stressed by Mancur Olson (1963), who argued that public goods provi-
sion through voluntary contributions by group members is more likely in small
groups (e.g. families, neighboring municipalities, a region of nation-states), than
in large groups (e.g. the producers in a competitive market, the world commu-
nity). According to Olson, the reason for this is the different incentives facing
members of small and large groups. In small groups, each individual receives a
relatively large fraction of any amount of the public good he is providing, while
in large groups this fraction is correspondingly small. Since each individual has
to bear the full cost of his contribution himself, it follows that it will be less likely
that it pays for any individual to make a contribution, the larger the group in
question.

However, as Chamberlin (1974) has shown, Olson’s conclusion depends criti-
cally on the assumption that we are dealing with an exclusive good. This is due
to the fact that the ‘fraction-of-the-gains’ reasoning has no meaning in the case
of an inclusive good. In the latter case, each member of the group can consume
whatever amount of the good that is provided, regardless of the number of other
consumers involved. To put it another way, each and every individual’s consump-
tion equals the total amount of the good being provided. This makes much of
Olson's reasoning inappropriate as far as inclusive goods are concerned, because
the incentive for making ‘the first’ contribution (ie. for making a contribution
in the case that nobody else is expected to do so) is then unaffected by the
number of individuals involved. Indeed, as far as inclusive goods are concerned,
the incentive for making ‘the first’ contribution is the same as if there were no
externalities involved at all - i.e as if the individual were in a state of complete
isolation, or the good under consideration were a pure private good.

The final distinction to be made here concerns the question of whether or not
we are dealing with a group that is sypumetric, in the sense that all members are
of equal size and take an equal interest in the provision of the collective good. As
Olson has pointed out, in groups with significant inequalities among members
in these respects, there is “.. the greatest likelihood that a collective good will be
provided’ (Olson 1963, 34). What is less often acknowledged, however, is that the
logical grounds for this proposition - while true in both instances - differs
significantly according to whether we are dealing with an inclusive or exclusive
pood. As we shall see in the final section, this fact calls for different game-
representations in the two instances, although both models yield the same
predictions with regard to substantial behavior. First, however, | shall discuss the
VATIOUS symmetric situations.
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Symmetric Cases

Combining the first three pairwise distinctions discussed in the previous section,
gives us eight categories, as shown in Fig. 1.

Exclusive Inclusive
poods goods
Large Small Large Small
S OTIITNS groups groups Zroups groups
goods 1 2 3 4
Ly 2 5 6 7 8
goods J

Fig. 1. Categories of Problems of Public Goods Provision.

Although some of the possibilities in Fig. 1 can be said to be equivalent in most
respects, I have found it practical to take this categorization as my point of
departure. Hence, | shall discuss the various situations according to their number
in the matrix.

Continuous Goods

The first category is the one that most writers seem to have in mind when
discussing problems of public goods provision. Since the good is exclusive, and
the group is (by assumption) symmetrical, ecach member will get only a fraction
f=1/n of whatever amount of the public good that is provided. Since the group
is large (i.e. n is large), is accordingly small. This makes it unlikely that it will
ever pay for any group member to make a contribution, since all of the cost from
such a contribution will have to be borne by the contributor himself, while only
a fraction f of the additional gains accrues to him. And since the good is of a
continuous nature, the additional gains tend to be small, in the sense that no
minor contribution can ever be pivotal for the provision of a large amount of the
good (which may be the case for lumpy goods).

However, if no-one makes a contribution, the public good will not be pro-
vided, leaving all group members worse off than they would have been if every-
one had cooperated. The problem of providing a continuous, exclusive good in
a large group is, in other words, a standard example of an n-person Prisoner’s
Dilemma, shown in Fig. 2.

Fig. 2. depicts the utility accruing to any member i of this type of group from
choosing C (Cooperation) or D (Defection) respectively, as functions of the
number of other members choosing C. This number is labeled ¢, the subscript
indicating reference to player no. i. The situation where all members choose D is
represented by the origin of the figure. In our case, where everyone involved has
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Fig. 2. The Prisoner’s Dilemma.

DD as a dommant strategy, the origin 15 also the only equilibrium and natural
solution of the game. It is, however, easy (o see that the outcome ‘all D’ is Pareto-
inferior to *all C', located at point T in Fig. 2.

The standard example of this type of situation concerns the prospects for
establishing a price above the competitive level for producers in a competitive
market. The good (the extra profits from a higher price) is exclusive, as already
discussed above, Furthermore, it can be provided in continuously divisible
amounts and the number of group members is (infinitely) large,

The second category is, of course, Olson’s small group case. It differs from
category 1 only in the number of group members. The consequences of this are
casy to see: A smaller n increases the fraction f=1/n of the gains that each
member receives from the public good. This makes it more likely that it pays for
cach member to provide some of the good, at least if nobody else is expected to
do so. However, given that others provide a sufficient amount of the public good,
it probably pays to defect even in this case. This is because some of the good is
provided anyway, and the group member under consideration may therefore find
it in his interest to allocate his scarce resources for other purposes than adding
further to the available amount of the public good.

This might indicate that Chicken is 4 more adequate model than the Pri-
soner’s Dilemma in situations of category 2. An n-person version of this game
15 presented in Fig, 3.

In Fig. 3, it pays for each group member to cooperate if, and only if, fess than
some critical number (labeled cf) of others do the same thing. Since the good is
continuous, 1t is assumed that more contributions always increase the available
amount of the good, thereby improving the situation for other group members.
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i

Fig. 3. Chicken.

Hence, the utility curves in Fig. 3 (as well as in Fig. 2) are always rising with in-
creasing values of ¢;.

It should be noted that the game in Fig. 3 always has multiple equilibria in the
symmetric version, i.e, when all players have identical preferences (more specifi-
cally: identical c9-values). However, for our purposes it suffices to say that all
equilibria implies that ‘about” ¢ members of the group cooperate, while the
others defect.? Although it is difficult to give reasons why an equilibrium should
materialize here if the game is played only once, it seems safe to predict that with
repeated games, the players will approach some equilibrium - even if it is diffi-
cult to tell which one. In this sense the outcome can be said to be determinate in
macro, but not in micro: it is possible to predict Aow many, but not which players
will choose the cooperative strategy.

If this conclusion is accepted, the Chicken-version of this situation yields
predictions very similar to those reached by Olson. It is possible (perhaps even
{ikcely) that some of the collective good will be provided. However, the provision
may not be optimal, since it may very well be the case that all members prefer the
outcome ‘all C’ to all outcomes where only c?members cooperate.

If the situation of producers in a competitive market fits category 1, then
category 2 may be represented by the case of oligopoly. In a market with only a
few producers it may pay for any one of them to limit his own output, given that
others produce at full capacity. However, if others collaborate to keep prices up,
it is advantageous to sell as much as possible at a profitable price. Further
examples that possibly fit this category may be economic growth (Olson 1982,
Rasch & Serensen 1986), and certain cases of international fisheries (Underdal
1980).

Turning to categories 3 and 4, we now attend to the provision of inclusive
goods, As already noted, for this type of goods the consumption of each and
every group member equals the total amount being provided.? This means that
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the fraction f in such instances is equal (o 1, no matter the number of individuals
imvolved. In this sense, the incentives facing each group member to some extent
resemble cases where n=1, i.e. cases where the individual is completely isolated,
or where the good in question is of a purely private nature.

In the case of continuous, inclusive goods, then, we can be sure that it pays for
cach group member to provide some amount of the collective good if nobody
clse is expected to do so, i.e. each player prefers C to D when ¢; equals 0. To deny
this is simply to deny that the good is worth its cost for any possible amount of
provision, implying that we are not strictly talking about a good at all.*

Again, however, the incentive to make a contribution declines with increasing
cooperative efforts by other group members. This is even more obvious in these
cases than in category 2, because literally alf of the good being provided by one
group member can also be consumed by other members of the group. Since all
individuals are assumed to have identical preferences, this means that once a
given group member has provided whatever amount of the good he considers
optimal for himself, nobody else has any incentive to make a contribution what-
soever. Thus, we once again confront a case of Chicken, this time with the critical
number ¢Pfixed between 0 and 1 for all players: If nobody eclse cooperates, it is
rational for any given player to provide whatever amount of the good he con-
siders optimal for himself. But once any one player does this, nobody else wants
to provide any more of it, meaning that when ¢; is greater than or equalto 1, D
15 preferred to C by all players.

Since we are here dealing with public goods that can be provided in optimal
amounts by one single player, while at the same time everybody prefers that
somebody else pay the cost of provision, we have a situation that in many
respects resembles the case that Dickman (19835) labels “The Volunteer's Di-
lemma’. However, 1 do believe that his model belongs to the lumpy goods
categories, to be discussed below. The main difference between the two situa-
tions is that in the present cases (i.e. categories 3 and 4), the utility curves are
monotonously rising with increasing values of ¢;. This is because we are dealing
with continuous goods, meaning that more contributions may be assumed al-
ways [0 generate greater access to the good in question. This is not the case for
lumpy goods, so that in such instances the utility curves will typically be horizon-
tal in some intervals (see below).

As an example of these situations we might think of a group of neighbors
sharing a road that has to be cleared of snow in winter.® This is an inclusive
good, since the utility to each neighbor from having the road cleared will hardly
depend on the total number of neighbors.¢ Furthermore, it may be said to be
continuous, since the road can be more or less well cleared. Consequently, the
utility curves of each player are monotonously rising with increasing values of
¢;r As more people cooperate, the road will be in a better condition, even though
one single person can provide clearance at an optimal level.” In addition, for
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those already cooperating, further contributors reduce the burden falling on
each individual.

This game has n equilibria, all implying that one single player cooperates,
while the others defect. Furthermore, all equilibria are Pareto-optimal, implying
that the right-hand end-point of the C-curve must lie below the point of the D-
curve where ¢;=1. Obviously, as in category 2, the players have a coordination
problem, implying that the outcome is very difficult to predict in the one-shot-
case. Again, however, there may be some reason to believe that with repeated
games, the players’ choices will converge towards some equilibrium - although
we cannot tell which one.

1 prefer to postpone the discussion on the possible difference between cate-
gories 3 and 4, i.e. the significance of differences in group size, for inclusive goods
cases, since this effect is equivalent to the corresponding effect within the
Volunteer's Dilemma, to be discussed below.

Lumpy Goods

We now turn to the lumpy goods categories. Since this kind of goods can - by
definition - only be provided in more or less massive ‘lumps’ (or steps), even a
small contribution from a single player may sometimes be pivotal for the provi-
sion of a large amount of the good. More precisely, either a given contribution
is pivotal for the realization of the group interest, orit doesn’t further this interest
at all.? This means that even if each player gets only a small fraction of the good
being provided, it might pay to make a contribution, given that the sacrifice is
pivotal.

This type of situation may lead to a number of different game structures,
dependent on the more specific characteristics of the case under consideration.
The perhaps most important of these is the total number of contributions that
is needed to provide the good. Three main possibilities exist at this point.

First, it is possible that each and every player can provide the good, i.e. that one
single contribution is enough. This kind of situation has been labeled *Hero'
(Hamburger 1979) or ‘The Volunteer’s Dilemma’ (Dickman 1985), since the
2ood can be provided by a hero (i.e. a volunteer), while at the same time everyone
involved prefers that somebody else be the hero. Hamburger (1979) gives the
following example of the case under consideration:

. several people {are) standing on a dock as someone is about 1o drown, We assume that the
principal aspect of utility is satisfaction that the person will not drown, but there is some disutility
in getting wet, so the person who goes 1o the rescue is the hero, (Hamburger 1979, 89)

Obviously, we are here talking about an inclusive good, as the utility of each
bystander from the rescue cannot be expected to depend on the number of by-
standers. The game can be depicted as shown in Fig, 4.

ok
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Fig. 4. The Volunteer's Dilemma,

In Fig. 4, player i prefers to cooperate if, and only if, nobody else does. Since
we are discussing the provision of a lumpy good, it is assumed that nothing extra
can be gained by contributions in excess of what is necessary for establishing the
good. This corresponds to there being no gain in more than one person getting
wet in Hamburger's example, For this reason, the utility curves in Fig. 4 are
horizontal in most intervals (i.c. for ¢; greater than 1). The utility of each player
from having the good is denoted by a;, while by is the cost of player i from
providing the good (i.e. from being the hero).

The game in Fig. 4 contains n equilibria (meaning that there are as many equi-
libria as there are players) - each equilibrium implying that one person contri-
butes, while all the others defect. In this type of game it seems safe to predict that
the greater the number of players, the less the likelihood that the good will be
provided - even if we are dealing with an inclusive good. This is due to the fact
that for each plaver, it may seem more likely that somebody else will volunteer,
the greater the number of people involved. However, this may be called a ‘self-
undermining prophecy’, since the more everyone believes it, the less true it
becomes (Hamburger 1979, 89). It should be noted that this intuitive argument
is also supported by more rigorous reasoning. Dickman (1985) has proven that
il all players adhere to mixed strategies, the probability (in equilibrium) that any-
one will volunteer, is diminished with increasing numbers of players.

The second possibility is at the other extreme, in the sense that in this case, the
collective good can only be provided if aff players contribute. A possible illustra-
tion can be drawn from Russell Hardin (1982, 51), who mentions quiet as a good
‘.. 10 be desired on a lazy, suburban, springtime Sunday morning ...". However,
to achieve this common goal, it takes unanimous support, since on¢ neighbor
with a lawn mower is enough to destroy the silence. Assuming that each resident
values the quiet enough to outweigh the disutility from not having his lawn
trimmed, the situation can be depicted as shown in Fig. 5.

Again, a; and b; represent players i's gains from having the good (i.e keeping
the silence), and the cost of making a contribution (i.e. abstention from trim-
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Fig. 5. Provision of Lumpy Goods as an Assurance Game,

ming his lawn), respectively. As can be seen from Fig. 5, it pays for cach player
to cooperate only on the condition that everybody else does the same thing -
otherwise all efforts are in vain.? Note that in this game, it is impossille to be a
free-rider, since one cannot simultancously enjoy silence in the neighborhood
and have one’s lawn trimmed. This means that a;-b; is the highest attainable
level of utility for each neighbor.

The game in Fig. 5 can be said to represent a variant of the well-known
Assurance Game. It has two equilibria, namely that everyone cooperates, and
that all players defect. Of these two outcomes, the former is preferred to the latter
by all players. If the participants have perfect information about cach others’
preferences — which may not be too unreasonable an assumption in the case of
a suburban neighborhood - this fact is often presumed to point out the outcome
‘all C” as the natural solution of the game. However, in the particular case under
consideration here, this solution is extremely unstable, in the sense that defection
by one single player will induce noncooperative behavior by all individuals
involved. Hence, neighborly quiet on Sunday mornings may be an extremely
vulnerable good, in need of constant care by the residents, and being highly
sensitive to shortsighted or thoughtless actions by its beneficiaries. 10

It also deserves mention that with imperfect information among the players
regarding others’ preferences, the defective equilibrium is even more likely to
result. This is true for the Assurance Game in general, but is of particular
relevance in our special case. Thus, it one player wrongly suspects even one single
of his co-players to value the collective good less than the cost of the contribution
demanded from him, it may eventually have the result of defective behavior by
cveryone involved.
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The final possibility is that to provide the good, it takes contributions from
more than one player, but less than all. An example of this 1s mentioned by Taylor
& Ward (1982, 361). Consider a committee operating under simple majority rule,
which is about to decide on some matter. The committee is split into two frac-
tions or coalitions, A and B, Group A consists of s members, all of whom are
known to attend and vote @gainst the proposal under consideration. Group B
has n members (n>s+ 1) and wants a majority in favor of the proposal. It is
assumed that if the number of votes against equals the number in favor, the
proposal is rejected, making A ‘the winner’. Since n>s+1, it suffices that less
than all n members of B attend to achieve a majority in favor. We also assume
that nothing extra can be gained if a majority greater than the minimal one
attends, and that o ¢ach number of B there is a certain cost of attending
(expenditure on travelling, opportunity costs, etc.). The situation can be depicted
as in Fig. 6.

It 1s casily scen from Fig. 6 that i less than s other players (1.e. members of B)
attend, plaver i will prefer to stay at home. The reason is that his presence cannot
influence the outcome anyway: Mo matter what he does, the proposal will be
rejected. Sumilarly, if at least s+ 1 others attend, the proposal will pass whether
player i s present or not, so even in this case he prefers not to attend, However,
eiven that exactly s other members of B attend, player i's choice will be pivotal
for the committee’s decision. Provided that a; is greater than by, player 1 will then
prefer to attend. It is in other words only in those cases where plaver i is pivotal
that he will prefer 1o attend. It should be noted that this game contains several
equilibria. First, it is clear that the outcome where no members of B attend must
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be an equilibrium. Given that nobody else appears, there is no reason for any
given member to show up, so that nobody has any reason to regret his choice if
this outcome should result. Furthermore, all outcomes where exactly s+1
members attend must be equilibria. For those who attend, ¢; will equal s; they
achieve a utility equal to a;-b;, and could not have done better by choosing
differently. To those who do not meet, ¢; equals s+ 1. Thus, they achieve a utility
of a, i.e they reach their most preferred outcome (namely that the proposal
passes without them having to attend themselves).

Note that if the number of players attending is different from zero, and also
different from s+1, it would have been better for those who attend to stay at
home. Hence, no such outcomes can possibly be equilibria.

Is it likely that goods of this category will be provided? Without trying to
answer this question in full, a couple of points will be mentioned briefly. First,
the game in Fig. 6 bears some resemblance to “The Volunteer's Dilemma® in the
following sense: With increasing group size, and holding s constant, it may once
again scem more likely to each player that somebody else will *do the job' Hence,
even in this case, small groups seem more likely to succeed than large groups.
Second, there is an important difference between “The Voting Game® and “The
Volunteer’s Dilemma’, In the latter, each player can guarantee himself that the
good is provided, simply by choosing the cooperative strategy. In “The Voting
Game, on the other hand, no such guarantee exists. It seems reasonable 1o
believe that, ceteris paribus, this fact makes provision of the good more likely in
‘The Volunteer’s Dilemma’.

Before concluding this section, a few remarks should be made with regard to
the three models discussed above.

It s clear that the first and the second model are special cases of the third one.
Thus, if s=0 (i.e. one vote is enough to pass the proposal), “The Voting Game'
corresponds 1o the “The Volunteer’s Dilemma’. And if s=n-1 (i.e. only un-
animous support in B can secure a majority in favor of the proposal), we have
the version of ‘The Assurance Game' that was discussed above.

In all three cases there exists at least one equilibrium implying that the collec-
tive good is provided. In this respect, the provision of lumpy goods may scem
easier to obtain than provision of continuous goods, since in the latter case,
universal defection may be the only equilibrium. However, it should be noted
that this conclusion is 10 some extent dependent on the particular rules of the
games discussed in this section, Implicitly, it has been assumed that each player
faces a choice between making a fixed contribution {e.g. a given sum of money,
the cost of attending the committee meeting, the cost of getting wet, etc.), or
nothing at all. This seems like a reasonable assumption in some cases, €.g. in the
examples discussed above. However, in other cases, it may be more reasonable to
assume the existence of some cost-sharing arrangement. As an example, consider
a group of fishermen facing the possibility of getting a lighthouse to minimize

349



a-P

Fig. 7. Provision of Lumpy Goods as a Prisoner’s Dilemima.

danger from foul waters and fog near their fishing fields. In such cases, it is likely
that the sizc of cach individual contribution will depend upon the total number
ol cooperators. Suppose that the total cost of the lighthouse is P, and that this
cost is split equally on all contributors. The cost by for player i will then be
P/c; +1, where ¢; once again is the number of cooperators apart from player 1.
This kind of arrangement may have some intuitive appeal, and one is casily led
to believe that it will induce cooperative behavior, since if everyone makes a
contribution, the cost to each individual will be small. Somewhat surprisingly,
however, self-interested players will under this arrangement typically behave non-
cooperatively. To see why, it is useful to have a look at Fig. 7.

If nobody else cooperates, it pays for player i to defect, provided that P is
greater than a;. In Fig. 7, we have assumed this to be the case. Furthermore, once
one or more other players cooperate, the good is provided no matter what player
i does, Hence, if he is purely self-interested, there is no incentive for him to co-
operate whatsoever. Provided that P is greater than a;, then, this cost-sharing
arrangement turns the game into variant of the Prisoner’s Dilemma. What
actually happens here is that the rules of the game leave each player with only
one possibility of being pivotal for the provision of the good, namely when
everybody else defects. If the good is not worth its total cost for one single player
(Le. aj<P), the game is a Prisoner’s Dilemma. If, on the other hand, a;>P, the
game is a Volunteer’s Dilemma.

It appears that what makes lumpy goods situations less ‘malign’ (Underdal
1986) than those involving continuous goods, is the incentive 1o cooperate
created by the prospects of being pivotal. However, such incentives can some-
times be created even in continuous goods situations - e.g. by the use of threats
and/or promises. As an example, consider the present situation in the oil market
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(Summer 1986). Saudi-Arabia and Kuwait have recently issued commitments not
to cooperate unless other OPEC and non-OPEC countries do so as well. To the
extent that these commitments are credible, they might turn the game into an
Assurance Game, in which the cooperation of each and every exporting country
is pivotal for keeping the price up. In other words, if the commitments can be
demonstrated to be credible, they might change the incentives facing countries
like Norway and (possibly) Britain, making defection no longer a dominant
strategy. Since even ‘small’ producers in such cases may (indirectly) have a great
influence on the market, the good under consideration (an acceptable price) may
be said to approach a somewhat lumpy character, although it is by nature con-
tinuous.

So far little has been said about the importance of group size and nothing
about the inclusiveness-exclusiveness-dimension in lumpy goods cases. This is
partly because I consider these variables to be of less significance here than when
we are dealing with continuous goods. However, a few words seems to be
appropriate. First, it has already been mentioned that increasing group size
enhances the difficulties of coordination inherent in games of the Volunteer’s
Dilemma-type, as well as in the Voting Game: The larger the group, the less likely
it will appear to cach individual that his contribution will be pivotal for the
provision of the good. But the more everyone believes this, the less likely it is that
the good will be provided at all.

With respect to the Assurance Game-variant, it is also clear that increasing
group size enhances difficulties. This is because, in this game, it is of vital impor-
tance for each player to know the preferences or the choices of the other players.
It is evident that this problem of information is greater, the larger the group in
question.

What about inclusiveness? Is it of any importance whether lumpy goods are
exclusive or inclusive? [t should be noticed that if we disregard the case of the oil
market, all examples discussed in this section are of the inclusive-good-variety.
The gains to each participant of saving a drowning person, securing a majority,
preserving neighborly quiet or providing a lighthouse will not be significantly
influenced by the number of players involved. However, it is not difficult to think
of exclusive goods with lumpy characteristics. Taylor and Ward’s examples of
natural resources involving threshold values are notable cases in mind. In such
cases a small contribution may sometimes yield a large increase in future use
value of the resource, while at the same time the gains to each individual partici-
pant depend critically on the total number of agents exploiting the resource.
Consequently, it is conceivable that it will not pay to make a contribution - even
when this is pivotal for the provision of a large amount of the good - if the
number of beneficiaries is very large, so that the playver making the contribution
will receive only a very small fraction of the gains. Thus, even in lumpy goods
cases, instances of inclusive goods tend to be more *benign’ than those involving
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exclusive goods. However, it nevertheless seems to be the case that continuous
goods typically will be more seriously undersupplied than lumpy goods.

Some Asymmetrical Cases

So far the discussion has been confined to instances where all actors can be
assumed to take an equal interest in the provision of the public good. In this
section, we shall discuss briefly a couple of asymmetrical situations. Because the
number of logically possible asymmetries is literally infinite in n-person games,
no exhaustive treatment of the various possibilities can be achieved. I have
chosen to concentrate on two such situations, which [ believe are those most
widely discussed in the literature on public goods. Both cases involve a single
large’ actor and several minor ones. The difference is that in the first case the
good under consideration is exclusive in character, while in the second case we
are dealing with an inclusive good.

Both situations, then, should be modeled as n-person games involving non-
identical players. This creates a small problem of exposition. In the previous
section we were able to search for equilibria and possible solutions of ¢ach game
with the aid of only one diagram of the Schelling type. Once non-identical
players are introduced, however, this technique breaks down (Hovi & Rasch
1986). This is due to the fact that in general it is now no longer sufficient for a
particular plaver to know only the mumber of other players that choose a parti-
cular strategy (e.g. ‘cooperation’). [t may also be necessary to know exactly who
these other players are. Fortunately, this problem can be overcome in a relatively
simple way by using more than one diagram simultaneously. In our case, where
there are two categories of players, two diagrams are needed - one for each
category. It is worth noting that this is the case no matter the number of players
within each category. '

In what follows, 1 shall first - rather briefly - consider the exclusive goods case,
and then at some length discuss an example involving an inclusive good. It
should be noted that in both cases we are dealing with continuous goods.

Exclusive Goods

The way that the problem of providing exclusive public goods in asymmetric
groups should be modelzd can in fact be quite directly traced from the discussion
of symmetric groups. The main point 1s that the fraction f; (the subscript
referring to player no. i is needed here, but not in the symmetric cases) is no
longer simply 1/n for al! players. Let me suppose that consumption of the good
15 distributed according to size, and that the ‘large’ actor is m times the size of
cach of the minor players. If there are n-1 small players, then f; equals 1/n-1+m
for these actors, while it is m/n-1+m for the large player. Since m presumably
1s greater than unity (ot 1erwise it would be nonsense to say that we are dealing
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with a ‘large’ player), it follows it is more likely that it pays to cooperate for the
large player than for the minor ones. If m is sufficiently large, then, we might say
that the incentives facing the large player corresponds to those facing players
involved in games of category 2 in the previous section, i.¢. he has preferences of
the Chicken-category. (It may be noted that if m is very large compared to n-1,
C may even be dominant strategy for the large player.) The small actors, on the
other hand, face category l-incentives, i.e. they have preferences of the Prisoner’s
Dilemma-type.

This means that in this asymmetric game there is only one equilibrium, name-
ly that the large actor cooperates, while everybody else defects. This outcome
may or may not be Pareto-optimal, depending on the more specific character of
the plavers’ preferences. However, no matter the Pareto-status of the solution,
the model yields predictions that in important respects are similar to those
reached by Olson: There is ‘the greatest likelihood’ that the good will be pro-
vided, and the large actor will bear a ‘disproportionate share of the burden’
(Olson 1965, 29). The logic behind the result is very simple: The large actor
knows that if he does not provide the good, nobody will. And since he prefers
to bear all of the cost himself rather than to manage without the good, he can
do no better than to provide for himself (and for the group) whatever amount of
the good he considers optimal for himself. Although this amount is clearly not
efficient for the group as a whole, it may be Pareto-optimal if side-payments are
not allowed.

For an empirical example that in important ways resembles the case discussed
here, one might think of the oil market - at least in certain periods. The good is
exclusive (and continuous), and there exists a single actor (Saudi-Arabia) that is
far greater than the others with regard to production capacity. It is also hard to
deny that throughout the period that OPEC has been in existence, Saudi-Arabia
has by far been the country that has carried most of the burdens stemming from
production cut-backs.

Inclusive Goods
We shall now see that the predictions obtained above for cases of exclusive goods
also seem to hold with respect to inclusive goods. However, the logic behind the
predictions is somewhat different.

An example of the problem of providing an asymmetric group with an inclu-
sive public good can be found within many alliances. Article 5 of the North-
Atlantic treaty says:

The Partics agree that an armed attack against one or more of them ... shall be considered an
attack against them all. {Pharo & Nordahl 1972, 423)

To the extent that this commitment by the signatories can be considered credible,
deterrence of potential enemies is a public good, because the armed forces of one
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Fig. 8. The Preferences of ‘Hig Atlantis” in The Alliance Game.

country automatically benefit all members of the alliance, Moreover, we are here
dealing with an inclusive good, since in the nuclear age, the deterrence effect of
a given amount of missiles, submarines or aircraft does not depend significantly
on the number of members in the alliance,

How can we model the game between members of such an alliance? Consider
a treaty organization with only three members; Big Atlantis (BA), Little Atlantis
H{LAD) and Little Atlantis 2 (LA2).1 The two small countries are assumed to be
equal in size, while BA is twice the size of each of its allies. It is further assumed
that the countries are identical in all relevant respects except size - notably with
regard to taste and per capita income. Under these assumptions it is reasonable
to assume that in isolation - i.e. if there were no externalities involved - BA would
provide for itself exactly twice the amount of defense that would be provided in
either of the minor countries (cf. Olson & Zeckhauser 1966). Thus, the unegual
size of the countries is accounted for in the model by assuming that a contribu-
tion to provision of the zood by BA is equivalent to twice the amount of a contri-
bution by either of the minor countries.

We can now consider the preferences of Big Atlantis, These can be depicted as
shown in Fig. 8.

Fig. & depicts the uti ity from choosing C and D respectively, as functions of
the number of small countries choosing C, Note that C is here defined as a
contribution equal in size to the level of defense that each country would provide
for itself if no alliance existed, while D is defined as no contribution at all. To
understand why the curves are drawn the way they are, consider first the possi-
bility that both small countries defect. This is for BA equivalent to complete
isolation. Thus, it necessarily prefers C to D in this instance. Next, suppose one
of the minor allies cooperates, while the other one defects. For any given choice
of strategy by BA, the situation is now clearly preferable (to BA) compared to the
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Fig. 9. The Preferences of *Little Atlantis 17 in the Alliance Game,

case where both small states defect. This always holds true as long as the
marginal utility from the good in question (i.e. deterrence) is positive. Thus, the
curves for C and D are rising with increasing values of cga . Whether BA will still
prefer C to D when only one of its allies cooperates, depends on the relative size
of the large country, compared to the minor ones. The greater the difference in
size, the greater the likelihood that BA will still prefer C to D when cpa =1. Nolg,
however, that in our case, where BA is exactly twice the size of either of its allies,
there is no compelling reason to assume one or the other on this issue. Neverthe-
less, I shall make the assumption that BA does prefer C to D when only one of
its allies chooses C, as indicated in Fig. 8. Finally, consider the case where both
the minor countries cooperate, i.e. where cpa equals 2. If deterrence is a perfectly
inclusive good, BA will then be able to consume the exact amount of the good
that it considers optimal, even without making any contribution itself.!? Hence,
when cpga =2, Big Atlantis prefers D to C,

Let us now turn to the preferences of each of the small countries. Here, we
have to face a problem non-existent in the case of Big Atlantis, namely that it is
no longer without importance to the country under consideration which other
country cooperates (of course, this is relevant only to the extent that only one of
them does). This problem can be solved by introducing the notion of player
weights, In our case, it scems reasonable to assume that either of the small
countries will assign weights to its allies according to their potential contribu-
tions to the public good, i.e. according to their size. Thus, it is likely that LA will
assign twice the weight of LAZ2 to BA. Consequently, ¢; in Fig. 9 is nof literally
the number of countries apart from LAl that choose strategy C, but rather the
number of player weights that these countries add up to. If LAZ2 is the only
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country apart from LAl that cooperates, ¢ takes on the value of 1. If, on the
other hand, BA is the single cooperator among the allies of LAl ¢, equals 2.
And finally, given that borh BA and LA2 choose to cooperate, ¢; amounts to the
value of 3.

What, then, will the preferences of LAl (or LA2) be? First, it is once again
clear that the utility curves for C and D have to be monotonously rising with
increasing values of ¢, since this means increasing access to the good in ques-
tion for any given choice of sirategy on the part of the country considered.
Second, if nobody else cooperates, LAI must prefer C to D by the very definition
of these strategies. Third, if LA2 cooperates, while BA defects (i.c. if ¢; equals 1),
LAL prefers to defect, because it already has available the exact amount of the
public good that it considers optimal for itself. And finally, the same reasoning
applies when ¢ exceeds 1, so that this country prefers D to C if, and only if, at
least one of its allies cooperates. The same conclusion is of course equally valid
as far as LAZ2 is concerned, since the two minor countries are assumed identical
in all relevant respects.

As already noted, the two diagrams in Fig. 8 and 9 provide a complete descrip-
tion of the game being analysed. Hence, we may now turn to the crucial question
of what outcome will be the result, given that the game is played non-coopera-
tively. As in the case of exclusive goods, we find that the game has only one equi-
librium, namely that the major actor cooperates, while the minor ones defect. It
follows that this outcome is the natural non-cooperative solution of the game.
(See the appendix A for proof that this outcome is a unique equilibrium).

Since we are considering a situation involving only three countries, it is
possible = without making things too complex - to depict the game in matrix
form. This is done in Fig. 10.

Note that the numbers in Fig. 10 (which should be given a strictly ordinal
interpretation) have been directly traced from Figs. 8 and 9. The utility of Big
Atlantis is indicated down to the left in each cell of the figure. Similarly, the
numbers in the middle and in the upper right corner of each cell indicate the
utility stemming from that particular outcome for Little Atlantis 1 and 2,
respectively. The only equilibrium of the game can be found in the upper right
cell of the matrix. This outcome is Pareto-optimal, but - in a certain sense -
characterized by an unequal distribution of the gains among the plavers. While
cither of the small countries reaches its second highest ranked outcome, Big
Atlantis has to settle for the outcome it ranks third from the bottom. Thus, even
this model can be said to lend some support to the prediction reached by Olson
(1965) and also by Olson & Zeckhauser (1966), namely that in groups with
members of unequal size, there is a tendency for the exploitation of the great by
the small.

Although the only equilibrium of the game in Fig. 10 is Pareto-optimal, it 1s
important to note that this does not follow with necessity from the assumption
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Fig, 10, The Alliance Game - Version 1.

made above, Thus, it is perfectly possible that even the two minor countries
prefer universal cooperation to the equilibrium. If, for example, the C-curve in
Figure 9 is rotated around its intersection with the D-curve in the counterclock-
wise direction, we may get the situation depicted in Figure 11.

In this case, the equilibrium (which 1s still located in the upper right corner of
the matrix) is Pareto-inferior to the outcome where all three countries cooperate.
The distributional aspects of the situation does not, however, differ much from
the case in Fig. 10. Thus, Big Atlantis 1s still the only cooperator in equilibrium,
generating an unequal distribution of the gains among the allies. However, this
model illustrates a point not mentioned by Olson & Zeckhauser, namely that
such a distribution need not necessarily stem from a wish by the minor countries
to exploit Big Atlantis. It may equally well be considered an undesirable outcome
by the small allies, as well as by the large one. To the extent that this is the case,
the situation in a very fundamental sense resembles the more traditional
problems of collective action, discussed in carlier sections. This means that there
may be gains for small agents, as well as for large ones, from cost-sharing
arrangements connected to public goods provision. Thus, quests for such
arrangements should not necessarily be considered a purely distributional
matter.

To sum up this section, we may concur with Olson’s conclusion that in groups
with members of unequal size, there is “.. the greatest likelihood ... that public
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Fig. 11, The Alliance Game - Yersion 2.
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zoods will be provided. This holds true for both exclusive and inclusive goods -
at least for those that can be provided in continuously divisable amounts (which
are the only ones that have been considered here). Qur analysis also lends some
support to Olson’s hypothesis that in such groups there is a tendency for the
exploitation of the great by the small. However, we have also suggested that the
logic behind this conclusion is 1o some extent dependent on whether we are
dealing with inclusive or with exclusive goods. In the latter case, we can say that
the large group member provides the good because he knows that if he does not,
nobody will, and he prefers to pay the full cost rather than doing without the
good. In the case of inclusive goods, however, the logic can be stated as follows:
If the large group member chooses not to provide any of the good, somebody
else probably will supply some of it. However, the good will not be provided in
the amount that he considers optimal. Therefore, it pays for the large actor to
contribute towards the provision of the good. But once the good is supplied in
the amount that he considers optimal, nobody else has any incentive to provide
any of the good whatsoever.

It is finally worth noting that our discussion of asymmetrical inclusive goods
cases has centered on a somewhat special example. The reader should therefore
be reminded that with relatively small adjustments in the assumptions made
above, we may again face a game involving multiple equilibria - even in the
presence of asymmetries. Possibly, this makes the models discussed under
categories 3 and 4 of some relevance even here.

Conclusion

In this article, 1 have tried to categorize different problems of public goods
provision, according to their ‘score’ on 4 variables related to the nature of the
egood under consideration, as well as to the structure of the group of potential
beneficiaries. The main conclusion to be drawn from the discussion is that not
all such problems are simply the Prisoner’s Dilemma ‘writ large’ (Axelrod 1984,
Hardin 1982). Rather, which game structure that is relevant in a given context
depends critically on the specific characteristics of the particular situation under
consideration - the Prisoner’s Dilemma being merely one out of several possible
alternatives.

APPENDIX: Proof for the existence of a wnigue equilibeivine in the Allionce Game,

Tor see that the owtcome in question & an equilibrivm, consider first the situation for Big Atlantis.
From Fig. 8 it is easily seen that when nobody else cooperates, e, when Cy, cquals 0, Big Adlantis
cannot do anvthing better than o cooperate. Then turn 1o the minor countries. The situation where
B is the only cooperator is found in Fig. 9 at the point where ¢p o = 2 (the situation is equivalent on
the part of LAZY As argoed in the text, cach minor country is then best off by defecting, ie by al-
locating their scarce resources for other purposes than adding further to the available amount of the
public good. Thus, when BA is the only cooperator, nobody has any reason to regret its choice of
sIrategy.
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To see that this oumcome is the andy equilibriom, consider next the possibility of any ofer outcome
being an equilibrium, We have already argued that as long as BA cooperates, cach minor country
{unconcitionally) prefers o defect, This rules out the possibility that any owtcome of cooperation by
a coalition of players including BA, is an equilibrium. Furthermore, we have scen that any plaver
prefers Cto D if nobady else cooperates, Thus, universal defection cannot be an equilibrium, The only
remaining possibilities then include the outcomes where one or both of the minor allies cooperate
alone. But in these cases either BA would prefer © (this is true if only one of the small states coope-
rates), or cach of the minor allies would prefer I (this is the case i both of them choose C) 1t follows
that no owcome except cooperation by Big Adlantis alone can possibly be an equilibrium,

NOTES

1. Samuelson (1954) holds nonrivalness of consumption to be the defining characteristic of public
goods, The same is true for Conybeare (1984), who draws a distinction between Prisoner's
Dilemmas on the one hand, and Public Goods Games on the other, 1t is interesting 1o note that
Conybeare's reasaning at this paint seems 1o be consistent with mine, to the extent that we both
hold that the problem of providing goods exhibiting nonrivalness of consumption {i.e. “inclusive’
goods) cannot in general be a Prisoner's Dilemma, see section 111 below, However, see Fig, 7 for
an exception to this general rule.

2. The precise number of cooperators in equilibrivm is the smallest integer greater than e This
holds true provided that ¢ is nor an integer itsell. 1Ficis, all outcomes where clor e+ 1 players
cooperate are aquilibria. [t shoold also be noted that if the game is asymmetrical, it is possible
that there is only one equilibrivm in neperson Chicken games. An example of this is given in
section V.

3. This means that if X is the total amount provided and X, the consumpiion of individual no, i,
we have = in the case of a pure inclusive good - that X, = X, = ... =X, = X, For pure exclusive
goods, on the other hand, we have that X, & X+ .+ X =X, which is also true for privaie
goods, See Samuelson (1954), p. 387 for further details.

4. OF course, [ do acknowledge that something may be called a ‘good”’ even though potential con-
sumers do not valoe it enough 1o outweigh the cost of provision. For example, one may think of
a group of people in desperate need of medicine of some sort. Given that they are sulficiently
poor, it may be necessary 1o make an unpleasant choice between medicine and food. Although
it would be meanmingless to say that the medicine does not represent a *good” for these people, i
is clear that given this very strict budget restraint, nonprovision of the medicine is optimal Tor the
group. However, | do believe that in most cases, this latter criterion is a very practical one for
deciding what is, and what is not a *good’ Tor a given set of consumers: A given object is a *good”
il ancl only if the consumers consider themselves better of T having the object (and paving what-
ever it costs to provide it). It may be noted that with this definition, whether or not a given object
isa "good' for a set of people depends on these peoples tastes and income, as well as on relevant
technology and market conditions (which are important determinants for the cost of providing
the object).

5. 1 owe this example to Bjern Erik Rasch.

O, Ad least this holds true if we assume that the area covered by the road is unaffected by increasing
numbers of neighbors, e as long as the road itsell remains constant.

T. This is true as long as possible *income effects’ are ignored, i.e. as long as we disregard the possis
hility that the amount of Cearance considered optimal may depend on how many others contri-
bute to clearing the road. Since we are dealing with a perfectly inclusive good, what is optimal
for one person is also optimal Tor the group - given that the group is symmetrical.

&, In this section, | concentrate on goods that are ¢ither provided in some given amount or not at
all. 1t should be noted that for some good, provision may be possible in several discrete “steps’
See Hardin (1982), p. 331, for some details.

9, Some readers may be somewhat confused by the way that the C-curve is drawn in Fig, 5. An
alternative way of drawing it would be to depict it horizontally uniil reaching the right-hand limit
of the diagram, and then rise vertically to the level of a-b;. It is important to note that the two
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ahernatives are substantially equivalen, since the points on the interval of the C-curve that are
placed berween the points where ¢, =n-2 and ¢;= n-1 are not attainable outcomes. Although |
feel that the sieep rise in the C-curve is best depicted as vertical, | nevertheless found that the
solution used in Fig. 3 was more casy 1o comprehend, What is important, however, is simply that
when n-2 others cooperate (e, when 1 other player defects), the utility from choosing C is only
=by,, meamng that the sacrifice 1s totally in vain, since the silence is destroved anvway. And when
¢ = n-1 e when everyvbody clse cooperates), the choice of C vields a utility of a-b,, since the
silence is then preserved.

One should also abserve that when the D-curve is completely horizontal, and the C-curve is
horizontal when ¢ is less than n=2, this means there is no extra damage from more lawn mowers,
prven that ane is already in operation,

1 T cases where the plavers have continuous action parameters, there may be a further problem,
not relevant in the example discussed here. Consider once again the neighbors that necded 10
clear their common road of snow, Suppose that they have given up on having the road cleared
by voluntary actions, and are considering 1o hire professionals to do the job. Suppose further
that the best affer they have got s a given package of fixed cost, so that the good of having the
roid cleared is now exhibiting a certain lumpiness, The problem of the neighbors is now 1o raise
the necessary Tunds o pay the professionals, We assume that if one neighbor refuses to pay, the
price makes it unprofitable for the rest to go on with the project. We then have @ game that in
many respects resembles the one in Fig, 5, but with one important difference: There may be
several cooperative equilibria, not just one. This is because all outcomes where the 1otal sum of
contributions cqual the given cost of ¢learing the road are now equilibria. And since this can be
achieved by many combinations of individual contributions, the group faces a bargaining
problem not present in the game in Fig. 5, Of course, this may add further 1o the difficultics of
the group, and makes it less likely that the good eventually is provided.

E1, The labels are borrowed from Olson & Zeckhavser (1966),

12, Again, this conclusion presupposes that income effects are not present,
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ahernatives are substantially equivalen, since the points on the interval of the C-curve that are
placed berween the points where ¢, =n-2 and ¢;= n-1 are not attainable outcomes. Although |
feel that the sieep rise in the C-curve is best depicted as vertical, | nevertheless found that the
solution used in Fig. 3 was more casy 1o comprehend, What is important, however, is simply that
when n-2 others cooperate (e, when 1 other player defects), the utility from choosing C is only
=by,, meamng that the sacrifice 1s totally in vain, since the silence is destroved anvway. And when
¢ = n-1 e when everyvbody clse cooperates), the choice of C vields a utility of a-b,, since the
silence is then preserved.

One should also abserve that when the D-curve is completely horizontal, and the C-curve is
horizontal when ¢ is less than n=2, this means there is no extra damage from more lawn mowers,
prven that ane is already in operation,

1 T cases where the plavers have continuous action parameters, there may be a further problem,
not relevant in the example discussed here. Consider once again the neighbors that necded 10
clear their common road of snow, Suppose that they have given up on having the road cleared
by voluntary actions, and are considering 1o hire professionals to do the job. Suppose further
that the best affer they have got s a given package of fixed cost, so that the good of having the
roid cleared is now exhibiting a certain lumpiness, The problem of the neighbors is now 1o raise
the necessary Tunds o pay the professionals, We assume that if one neighbor refuses to pay, the
price makes it unprofitable for the rest to go on with the project. We then have @ game that in
many respects resembles the one in Fig, 5, but with one important difference: There may be
several cooperative equilibria, not just one. This is because all outcomes where the 1otal sum of
contributions cqual the given cost of ¢learing the road are now equilibria. And since this can be
achieved by many combinations of individual contributions, the group faces a bargaining
problem not present in the game in Fig. 5, Of course, this may add further 1o the difficultics of
the group, and makes it less likely that the good eventually is provided.

E1, The labels are borrowed from Olson & Zeckhavser (1966),

12, Again, this conclusion presupposes that income effects are not present,
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