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Abstract 
Recent work by Pecorino (1998, 1999) and Esteban and Ray (2001) has called into question one 
of the central propositions of Olson (1965) relating public good provision to group size. Pecorino 
addresses this issue in a repeated game context, while Esteban and Ray introduce a technology 
under which there is an increasing marginal cost of effort in providing the public good in a 
framework that allows credit market imperfections and non monetary contributions. In this paper 
we analyze the robustness of these results to a simple, but realistic extension of the respective 
models. In particular, we consider small fixed costs of participation which must be borne by 
potential contributors before their contributions can have a marginal impact on provision of the 
public good. If the public good is nonrival, then the results of Pecorino and Esteban and Ray are 
robust to the consideration of these fixed costs. However, if the public good is fully rival (but 
nonexcludable), then the existence of small fixed participation costs will generally restore one of 
Olson's central propositions: public goods will fail to be provided in large groups.  
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1. INTRODUCTION  

In the almost forty years since the publication of Olson's The Logic of Collective Action, an 

enormous amount of academic research has focused on the relationship between group size and 

private provision of public goods. Olson generated several hypotheses about the relationship 

between group size and the provision of public goods; in this paper we will focus on public good 

provision in large groups.1 Olson's work has left us with the intuition that public goods will fail 

to be provided in large groups.  

 Some recent theoretical contributions to the literature have provided results which run 

counter to the standard intuition about public good provision in large groups. Pecorino (1998, 

1999) finds, in a repeated game setting, that there is no presumption that cooperation must break 

down in large groups, where cooperation refers to a level of provision of the public good which 

lies above the level achieved in the single-shot Nash game.2 His work focuses on the critical 

value of the discount parameter derived under a grim trigger strategy. A necessary condition for 

cooperation is that the actual value of the discount parameter must exceed the critical value. He 

shows that the critical value of the discount parameter generally converges to a number less than 

one for large groups. Thus, there are admissible values of the discount parameter (i.e., values 

strictly less than 1) such that cooperation can be maintained in a large group. This is shown for 

both a pure public good and for a fully rival public good.3 

Esteban and Ray (2001) address the problem using a different approach. While they 

analyze the level of provision in a static (i.e., one shot) game, they consider a technology under 

                                                 
1 See Sandler's (1992: 8-9) discussion of the hypotheses which emerge from Olson's work.  
2 An earlier analysis of public good provision in a repeated game setting is provided by McMillan (1979). Also, see 
the recent contributions by Haag and Lagunoff (2003) and Koppel (2004).  
3 In Pecorino (1998), the public good is a tariff. The tariff is modeled in such a way as to make its benefits 
nonexcludable, but fully rival in the sense that an increase in the number of firms reduces the per firm benefit.  
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which the marginal cost for an individual to contribute to the public good is increasing in their 

level of contribution. The traditional assumption is that the marginal cost of contributions is 

constant. An increasing marginal cost of contribution can arise if, for example, contributions 

come in the form of in kind provision of physical labor. Increasing marginal cost may also apply 

to monetary contributions if capital markets are imperfect.4 Within this framework, they show 

that if the cost of contribution function is sufficiently convex, then the level of provision of the 

public good is increasing in group size even when the good is fully rival.  

 We test the robustness of the results of Pecorino (1998, 1999) and Esteban and Ray 

(2001) by introducing a small fixed cost of participation into their models. This means that each 

contributor must incur a small fixed cost before her contribution can have a marginal effect on 

the provision of the public good. This is a realistic extension of both frameworks, and the 

empirical validity of results which are not robust to consideration of small fixed costs should be 

called into question. Technically, the costs we introduce are fixed, but avoidable, since they are 

not incurred in the event of a zero contribution.  

The key finding of our paper is that the results of Pecorino and Esteban and Ray are 

robust to the presence of small fixed costs of participation, in the case of a pure public good, but 

not in the case of a fully rival good. For intermediate cases, the robustness of the results will 

depend upon parameter values. When the degree of publicness is sufficiently high, the 

introduction of small fixed costs of participation will have no effect on the results.  

How should we think about fixed costs of participation? If the contribution is physical 

effort, then the fixed cost may involve transportation to the location where the effort is to be 

undertaken. Thus, to help fill sandbags in an effort to prevent flooding, you must first travel to 

                                                 
4 See Esteban and Ray (2001: 665). 
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the river bank. The cost incurred traveling, in and of itself, has no effect on stemming the flood 

waters. Similarly to participate in a political demonstration, one must first travel to the site of the 

demonstration. Physical effort is one of the primary motivating examples in Esteban and Ray. It 

is clear that fixed costs are relevant in this case, and that they may, in fact, be significant. Our 

analysis will show that some of the results of Pecorino and Esteban and Ray are sensitive to the 

presence of fixed costs of participation, even when these costs are small.  

What about financial contributions? These provide the major motivating example for 

Pecorino's analysis and also play a role (under imperfect capital markets) in the Esteban and Ray 

analysis. Fixed costs exist in this case as well, though they may be quite small. For example, 

writing a check takes a small amount of time and effort (including record keeping), and some 

minor mailing costs are incurred in making a contribution. While these costs are not large, they 

are clearly positive.  

One reason why the results of Pecorino and Esteban and Ray are significant is that they 

run counter to (borrowing Esteban and Ray's phrase) a common wisdom that had developed 

about the relationship between the Olson hypothesis and the degree of publicness of the good in 

question.5 In the standard static model, a strong version of Olson's hypothesis generally holds for 

fully rival public goods, but not for pure public goods. In particular, when the good is fully rival, 

the level of provision will tend to decrease with group size. For pure public goods which are 

normal, the level of provision increases with group size, but generally approaches some finite 

asymptotic value as group size grows large.6  Our results suggest that the common wisdom can 

                                                 
5 See Esteban and Ray (2001: 664). Our discussion draws on theirs. Important early works exploring these issues 
include Chamberlin (1974) and McGuire (1974). Important book length surveys include Hardin (1982) and Sandler 
(1992).  
6 See Andreoni (1988) and Sandler (1992: 50). Since the level of provision approaches an asymptotic value, while 
the optimal level can grow without bound, a weaker version of Olson's hypothesis may be said to hold for pure 
public goods. For a sufficiently large group size, further increases in group size must lead to an increasing 
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be restored; for fully rival public goods with small fixed costs of participation, collective action 

must break down as group size becomes large. Thus, there remains an important set of 

circumstances under which a strong version of Olson's logic applies. On the other hand, when the 

degree of rivalry is small, collective action can be maintained in large groups, even in the 

presence of small fixed costs of participation.7  

We should note that Esteban and Ray are not concerned with large group results per se. 

While some of their results are not robust in very large groups, all of their results will continue to 

hold if group size is not too large.  

In using small fixed costs of participation to test the robustness of these public good 

models, we are following the lead of Dixit and Olson (2000), who find that an equilibrium in 

which cooperation is achieved is sensitive to the presence of small fixed costs of participation.8 

Dixit and Olson are concerned with whether the Coase Theorem implies that an efficient level of 

public goods will always be provided. They argue that it will not. They set up a two stage model. 

In the first stage, there is a decision on whether to attend a meeting, and in the second stage a 

Coasian bargain takes place at the meeting. If too few attend, no public good is provided. When 

small costs of participation are introduced into a repeated game setting, the efficient equilibrium, 

under which the public good is always provided, is destroyed. In the inefficient equilibrium, the 

probability of provision is frequently near zero. 

 

                                                                                                                                                             
divergence between the optimal and actual level of provision. Nevertheless, in the symmetric Nash equilibrium, the 
level of utility per person is strictly increasing in group size.  
7 This common wisdom is also supported in a recent model developed by Yildirim (2003). He models contributions 
to a public good which take place over time. In each period, at least one person must contribute to move the project 
forward, while no benefits from the project are enjoyed until it is complete. For a pure public good, Yildirim finds 
that the equilibrium of the model approached the efficient level of provision as group size grows large. By contrast, 
when the good is fully rival, the project always fails to move forward in a sufficiently large group.  
8 Also see Cauley, Sandler and Cornes (1986).  
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From (8), we can solve for SRO and G(SRO), the optimal level of contributions and provision when 

the public good is fully rival. Our assumptions on the G(S) function ensure that this is an interior 

optimum, where G(SRO) > SRO. Under the optimum, each person must contribute SRO/n. It is easy 

to show from (8) that the optimal level of provision of the fully rival public good is independent 

of n.  

 The payoffs under cooperation, defection and in the single shot Nash game are as 

follows:  

 
( )ROROC S)S(G)n/1( −=π ,          (9a) 








 −
=

n
SnGn

RO
D )1()/1(π ,         (9b) 

( )RNRNN SSGn −= )()/1(π .         (9c) 

 
The payoff under defection assumes that the defector withholds her entire contribution (1/n)SRO. 

In the absence of income effects, the level of contributions in the single shot Nash game is the 

level that a single individual would find it rational to provide on her own. As long as ((n-1)/n)SRO 

> SRN, the optimal defection involves a zero contribution. Since SRO is fixed and SRN is falling 

towards zero, this condition is bound to be satisfied for large n. 

Substitute (9) into (7) and take the limit as n grows large to find,  

 

1
)(

*limit <=
∞→ RO

RO

n SG
Sδ .         (10) 

 
This makes use of the fact, discussed earlier, that payoffs in the single shot Nash game go to 0. 

The fact that δ* converges to a number less than 1 indicates that there are admissible values of 
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the discount parameter (i.e., δ<1) such that cooperation is possible in the limit. This matches 

Result 2 in Pecorino (1998).  

 Now, consider fixed per person participation costs of ε. These costs are fixed, but 

avoidable, i.e., they are not incurred in the case of a zero contribution. They are incurred in every 

period in which there is a positive contribution. The fixed cost ε does not affect the payoff under 

defection, but the payoffs under cooperation and in the single shot Nash game become,  

 

( ) επ −−= ROROC SSGn )()/1( ,         (11a) 

( ) επ −−= RNRNN SSGn )()/1( .        (11b) 

 

From (11b), at a sufficiently high value of n, the payoff at the interior, single-shot Nash 

equilibrium would become negative. At this point, the single-shot game would revert to a corner 

solution of zero contributions. Since SRN is zero in the limit of the game without fixed costs, the 

change in the payoff for πN has no effect on the limit results.  

 However, the change in πC has a dramatic effect on the results. Clearly, a sufficient 

condition for the breakdown of the cooperative outcome is that the per person payoff under πC 

becomes negative. When this happens, all players prefer the corner solution of zero contributions 

to the interior solution. From (11a) note the following:  

 
0lim <−=

∞→
επ C

n
it .          (12) 

 
Since the payoff under cooperation eventually becomes negative, it must be the case that 

cooperation breaks down when n grows sufficiently large. For sufficiently large n, it is not 
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jointly optimal to organize, because it becomes too costly to organize. The aggregate group 

payoff is nπC, so when the individual payoff becomes negative, so does the group payoff.  

Our analysis is summarized as Result 1:  

 
 Result 1: When the public good is fully rival (β=1) and there are small positive fixed  

costs of participation, cooperation must break down as group size n grows sufficiently 

large.  

 

This indicates that Result 2 of Pecorino (1998) is not robust to consideration of small fixed costs 

of participation.15  

 The analysis in this subsection assumed that under the cooperative outcome, the optimal 

level of the public good is provided. Note that the per person benefits are maximized at the 

optimal level of provision. Thus, if per person benefits become negative under the optimal level 

of provision, then they must become negative for any arbitrary level of cooperation.  

 It may be objected that the symmetric equilibrium is inefficient in the presence of small 

fixed costs of participation, since it maximizes the number of participants per period. The most 

efficient scheme would involve a rotating contribution, where in each period, only one person 

was asked to contribute. However, this scheme would not work, because as n grows large, the 

present value of the benefit of cooperation goes to zero at the individual level. Thus, for n 

sufficiently large, a small fixed cost ε will exceed the present value of the benefits of the 

cooperative outcome to an individual.  

                                                 
15 Pecorino (1998: 657) does discuss fixed costs, but they are at the level of the lobbying firm. That is, the lobbying 
firm must incur set up costs before it can begin lobbying the government. These costs are invariant to the number of 
members, and their presence does not affect his Result 2. The participation costs considered here are at the level of 
the individual, and increase in direct proportion with the number of individuals who are active contributors in the 
group. Thus, the result is sensitive to fixed costs at the level of the individual, but not at the level of the lobbying 
firm. 
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3.2 Pure Public Goods 

Assume that β = 0, so that we have a pure public good. Each person receives the benefit G(S), so 

the total benefit of the public good is nG(S) and the jointly optimal level of provision maximizes 

nG(S) - S. The first order condition to this problem implies 

 
1)(' =SnG .            (13) 

 
From (13), we can obtain SPO, the optimal level of provision of the pure public good. It is 

straightforward to show that 0/ >dndS PO  and 0/)( >dnSdG PO . However, it may also be of 

interest to consider partial cooperation. Thus, in this subsection of the paper we will consider a 

constant level of contributions, which is arbitrarily fixed above the noncooperative level SPN, but 

which is below the fully optimal level. Denote this level of contributions as SPC > SPN. In this 

cooperative outcome, each individual contributes SPC/n. In subsection 3.3, we will consider the 

case of fully optimal cooperation, while using a specific functional form for G(S).  

 The payoffs under cooperation, defection  and the single shot Nash outcome are  

 
nSSG PCPCC /)( −=π ,         (14a) 





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 −
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n
SnG
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nSSG PNPNN /)( −=π .         (14c) 

 
As noted in Section 2, SPN is invariant to n. The payoff under defection assumes that the optimal 

contribution under defection is 0, which will be the case for sufficiently large value of n.16 

Substitute the expressions in (14) into equation (7) to find 

                                                 
16 A zero contribution under defection is optimal if ((n-1/n)SPC > SPN, where SPC and SPN are constant and SPC > SPN. 
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0*limit =

∞→
δ

n
.           (15) 

 
This matches Result 1 in Pecorino (1999) and indicates that if agents place any weight at all on 

the future, cooperation remains an equilibrium in a large market. In fact, the result suggests that 

cooperation becomes "easy" with a large group size.  

 Now, consider the introduction of a small fixed cost of participation ε. The payoff under 

defection is unaffected. The payoffs under cooperation and in the noncooperative equilibrium 

become 

 
[ ] επ −−= nSSG PCPCC /)( ,         (16a) 

[ ] επ −−= nSSG PNPNN /)( .         (16b) 

 
Substitute (16a), (16b) and (14b) into (7) and take the limit as n grows large to find 

 

1
)()(

*limit <
+−

=
∞→ ε

εδ PNPCn SGSG
.         (17) 

 
The analysis above leads directly to Result 2:  

 
Result 2: For a pure public good and a level of contributions fixed above the 

noncooperative level, the limit of δ* as n grows large is less than 1, which implies that 

there are admissible values of the discount parameter such that cooperation can be 

maintained in the limit. Further, if the fixed cost of participation is small, the limit of δ* 

is near 0. For small fixed costs, this suggests that cooperation becomes "easy" in the 

limit.  
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This shows that Result 1 of Pecorino (1999) is robust in the following sense: If ε is near 0 (i.e., 

there are small fixed costs of participation), then δ* is near 0 in the limit.  

 Results 1 and 2 of this paper suggest that for the standard technology in the repeated 

game, the distinction made by the common wisdom is correct; a strong form of the Olson 

hypothesis holds for rival public goods (cooperation eventually breaks down), but not for pure 

public goods.  

3.3 The mixed case 

Thus far we have considered the polar cases of a fully rival public good (β = 1) and a pure public 

good (β = 0). We will now consider the intermediate cases in which β can take on any value 

between 0 and 1. Thus, the per person benefit g = G(S)/nB. Before we proceed with the main 

analysis of this section, note that if we consider a fixed level of cooperative contributions SβC, 

cooperation must break down if fixed costs are positive and n is large. (The β superscript is used 

to denote the case 0 < β < 1.) To see this note that the payoff in this cooperative outcome is  

 
επ βββ −−= nSnSG CCC //)( .         (18) 

 
For β > 0, the limit of πC as n grows large is -ε. Since the per person payoff in the cooperative 

state becomes negative under the interior solution, for n sufficiently large, players will revert to a 

corner solution of zero contributions. In the presence of fixed costs of participation, a fixed level 

of cooperation only becomes "easy" in the limit if the good in question is a pure public good 

(i.e., β=0). For β > 0, cooperation must break down in the limit. This analysis leads to Result 3:  

 
 Result 3: For a constant level of contributions with small fixed costs of participation,  

cooperation must break down as n increases without bound, for β > 0.  
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In the rest of this subsection, we will analyze the fully optimal level of provision of the 

public good. To conduct this analysis, it will be helpful to choose a specific functional form for 

the public good technology. We will assume that  

 
G(S) = (1/γ)Sγ,  where 0 < γ < 1.        (19) 

 
In the single shot game, each player chooses si to maximize (1/γ)Sγ/nβ - si. In the symmetric Nash 

equilibrium, the first order condition to this problem implies  

 
)1/()1/()1()1/( )/1(/)(;/; γβββγβγββγββ γ −−−−−−− ===== nnSGgnnSsnS nnnN .   (20) 

 
Note that the contributions and the per person benefit go to zero in the noncooperative outcome, 

as long as β > 0.  

 The group optimum is achieved when S is chosen to maximize (1/γ)n1-βSγ - S. The first 

order condition to this problem implies,  

 

γ
βγ

ββγ
βγ

ββγ
β

β γ −
−

−
−

−
−

===== 111
1

)/1(/)(;/; nnSGgnnSsnS OOOO .    (21) 

 
If β > γ, then the per person (gross) benefit from cooperation g goes to 0 as n grows large. With 

small fixed costs of participation, cooperation must break down with β > γ and n sufficiently 

large. The reason is that when β > γ, the rate of increase in the optimal level of provision of the 

public good is too slow to prevent a fall in the per person benefit which arises from the crowding 

effect.  
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 In the rest of this subsection, we will consider the case β < γ. From equations (20) and 

(21), we can obtain the payoffs under cooperation, defection, and the single shot Nash game, in 

the presence of small fixed costs of participation:  
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As before, under defection there is a zero contribution. Substitute (22a), (22b) and (22c) into 

equation (7) and take the limit of δ* as n approaches infinity to find  

 
.1*limit <=

∞→
γδ

n
          (23) 

 
Note that once the interior solution for the single shot game becomes negative, the players revert 

to a corner solution of zero contribution. Thus, in the limit, πN is 0, not -ε. Since γ < 1, there are 

admissible values of the discount parameter such that cooperation remains an equilibrium 

outcome when n is large. This analysis leads to Result 4:  

 
Result 4: (i) If β > γ and there are small fixed costs of participation, then cooperation 

must break down as group size grows large.  

(ii) If β < γ, then there are admissible values of the discount parameter (δ<1) such that the 

optimal level of public good provision can be supported as an equilibrium outcome of the 

infinitely repeated game. 
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When β < γ, the per person benefits under the optimal level of provision of the public good grow 

without bound. As a result, small fixed costs of participation are irrelevant when n is large.  

3.4. Discussion of the Model 

If the fixed cost of participation is truly small, then n will have to be quite large before our 

asymptotic results become relevant. For small fixed costs, the asymptotic results may not be 

relevant for the corporate sector, because the number of firms across most industries tends to be 

fairly small. On the other hand, there are over 100 million households in the U.S., so the 

asymptotic results should be relevant for consumers.   

 Are the fixed costs of participation truly small for financial contributions? In the 

introduction, these costs were described as being related to the writing and mailing of a check, 

plus some record keeping. There may, however, be other costs as well. Active contributors may 

have to closely monitor policy outcomes in order to decide whether or not continued cooperation 

is warranted. There also may be sunk, but avoidable, costs incurred in the first period in which 

cooperation occurs. If you want to contribute to a consumer group lobbying against the sugar 

program, you need to do some investigation to find out who represents consumer interests and 

among those groups, which are reliable in the sense that they spend the money as promised. This 

type of investigative cost only needs to be incurred once, but it may be quite substantial. If the 

present value of per person benefits is falling toward zero (e.g., when β > γ in our parametric 

example), then large sunk costs in the initial period will be very relevant to the question of 

whether there are gains (at the individual level) to achieving the cooperative outcome.  

 This discussion suggests that fixed and sunk costs associated with making a financial 

contribution to a public good may not be trivial. The larger these costs, the lower the value of n 

at which our asymptotic results become relevant.  
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4. THE STATIC FRAMEWORK WITH INCREASING MARGINAL COST  

In this section, we go back to the framework of static provision of the collective good, but 

consider a technology under which the marginal cost of individual contribution is increasing. 

Esteban and Ray (2001) develop such a model.17 Within this framework, they show that if the 

cost of contribution has the elasticity of a quadratic function, or higher, large groups are more 

effective than small groups even if the good is fully rival. Moreover, they show that the degree of 

convexity required to overturn Olson’s hypothesis is lower, the greater the degree of publicness 

of the good to be provided.  

We will show that if the public good in question is sufficiently close to a pure public 

good (i.e., the degree of rivalry is sufficiently low), then the Esteban and Ray results are robust 

to the introduction of small fixed costs of participation. On the other hand, if the degree of 

rivalry is sufficiently high, collective action must break down in large groups when there are 

fixed costs of participation. This breakdown occurs because individual net payoffs become 

negative in the limit as n grows large.  

The analysis follows the lead of Esteban and Ray. Our contribution is to add fixed costs 

of participation to this framework. Consider a static framework where the marginal cost of  

contribution is increasing. More specifically, assume that the cost of contribution function is 

increasing, smooth, strictly convex (v''(si) >0) and that v'(0)=0. In the traditional technology, the 

marginal cost of contribution is constant.  

Recall from (3) that in the absence of fixed costs of participation, each contributor solves  

 
                                                 
17 Esteban and Ray develop a model where multiple lobbying groups compete to win a contest where the winning 
probability is determined by the collective actions of the different groups. We do not reproduce this aspect of their 
model. Instead, we focus on public good provision within a single group.  
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The first order condition for an interior symmetric Nash equilibrium imply18  
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where S is the equilibrium level of aggregate contributions. Let s=S/n denote the equilibrium 

level of individual contribution. Totally differentiating (24), we obtain 
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Since G'' < 0 and v'' > 0, the denominator is positive. The numerator is positive if 

βα >≡
)('
)('')(

sv
ssvs .                 (26) 

Hence aggregate contributions are increasing in group size if the elasticity of the marginal cost of 

contribution, α(s), is greater than β. It follows that in the absence of fixed costs of participation, 

if the marginal cost of contribution is strictly convex, i.e. if α(s) >1, the total level of collective 

action is increasing in n, even for a fully rival public good. This result is analogous to Esteban 

and Ray’s proposition 1 and runs counter to the common wisdom that small groups are more 

effective than large groups in providing fully rival public goods.  

However, we will show that for fully rival public goods, the (gross) per person  benefit 

converges to zero as n grows without bound independently of the degree of convexity of the 

marginal cost of contribution. As a result, if individuals incur even small fixed costs of 

                                                 
18 Our end point conditions guarantee that the equilibrium is interior.  
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participation, their net per person benefit becomes negative in the limit. Thus, for fully rival 

public goods, collective action collapses for large groups. For n sufficiently large, these groups 

move to a corner solution with zero contributions.  

For pure public goods, we will show that the (gross) per person benefit grows without 

bound. Hence large groups are more effective than small groups and collective action is not 

affected by the presence of small fixed costs of participation.   

We now analyze the behavior of the (gross) per person benefit, βn
G(S) , as n increases. 

From (25), it follows that the proportional change in the aggregate level of contributions is given 

by  

 

n
dn

SnSGSsv
snvSsv

S
dS

β
β

−−
−

= 1)('')(''
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Since )(' sv is positive and )('' SG  is negative, it follows that aggregate contributions grow more 

slowly than n. As a result, the per person contribution, s=S/n is decreasing in n. Thus, if the gross 

benefits of public good provision grow without bound, the net benefits will also grow without 

bound.  

Let ξ(S) denote the elasticity of G(S) with respect to S, where 0< ξ(S) <1. Thus we have 

dG(S)/G(S) = ξ(S)dS/S. Note that the (gross) per person benefit is decreasing in n and converges 

to zero as n grows without bound if  

 

n
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SG
SdG β<
)(
)( ;           (28)  

 
i.e., if the numerator grows more slowly than the denominator. Use (27) to rewrite (28) as 
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This reduces to  

 
( ) 0)('')(')()()('' 1 <+−− −βββξβξ SnSGsnvSSSsv .      (30) 

 
Note that if β=0, this condition is never satisfied since ''v >0. This leads to the following result.  

 
Result 5: For pure public goods, the (gross) per person benefit grows without bound and  

large groups are more effective than small groups even in the presence of fixed costs of  

participation.   

 
We now analyze goods that are not purely public. When β > 0, , a sufficient condition for (30) to 

hold is given by  

 
0)(')())(()('' <−− snvSSSsv βξβξ .        (31)  

 
(Recall ''G <0.) Obviously, if ξ(S) < β, then (31) will be satisfied and the (gross) per person 

benefit converges to zero as n grows without bound, independent of the convexity of marginal 

cost.  More interestingly, we now analyze what happens when ξ(S)>β. Recall the definition of α 

from (26) to rewrite the inequality in (31) as  

 

β
ξα

ξα
<

+ )()(
)()(
Ss

Ss               (32)  

 
If this condition is satisfied, then the (gross) per person benefit converges to zero as n grows 

large and collective action collapses in large groups in the presence of small fixed costs of 
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participation. Note that (32) is always satisfied when β=1 (Recall that 1)( <Sξ .) This leads to the 

next result. 

 
Result 6: For fully rival public goods (β=1), the gross per person benefit converges to 

zero and collective action collapses in the presence of small fixed costs of  participation 

independently of the degree of convexity of the cost of contribution function.  

 
The previous two results characterize the two extremes: pure public goods and fully rival  goods. 

The following result shows that even if the good is not fully rival, collective action will break 

down if the good is sufficiently rival.   

 
 Result 7:  In the presence of small fixed costs of participation, 

(i) If 
)()(

)()(
Ss

Ss
ξα

ξαβ
+

> ,  collective action must break down in large groups, as the gross 

per person benefit converges to 0 as n grows large.  

(ii) If )(
)()(

)()( s
Ss

Ss αβ
ξα

ξα
<<

+
, the result under (i) occurs, even though aggregate 

contributions are increasing in group size in the absence of fixed costs of participation.  

 
Therefore, for any good that is not purely public (i.e., 0<β≤1), we can always find a contribution 

function with a cost elasticity α(s) = β + ζ (where ζ is a small positive number) such that 

condition (ii) is satisfied. When (ii) is satisfied, collective action collapses in the presence of 

fixed costs of participation, even though aggregate contributions are increasing in n in the 

absence of fixed participation costs.  
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Alternatively, for a given cost of contribution function, collective action breaks down if 

the degree of rivalry of the collective good is sufficiently high. For instance if G(S) = S  and 

2)( ii ssv = , then collective action breaks down if β > 1/3. 

 

5. CONCLUSION 

Pecorino (1998, 1999) and Esteban and Ray (2001) present two alternatives for escaping Olson's 

logic. One alternative involves appeal to repeated play games. The second alternative involves 

appeal to a technology of provision of the public good which differs from the traditional linear 

cost technology. Pecorino finds that cooperation is possible in large groups, even when the 

public good in question is fully rival. Esteban and Ray find that the level of provision may 

increase in group size, even when the public good is fully rival. These results run counter to the 

common wisdom that a strong version of Olson's hypothesis holds for rival public goods.  

We introduce fixed costs of participation into the Pecorino and Esteban and Ray models and find 

their results to be robust to the presence of small fixed costs if the public good in question is 

sufficiently nonrival. In particular, their results are robust if the goods in question are pure public 

goods. However, if the goods in question exhibit a sufficient degree of rivalry, collective action 

must collapse in a sufficiently large group. This supports the common wisdom that a strong form 

of the Olson hypothesis holds for rival public goods. 
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