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Abstract:

This paper sheds new light on the economic logizadfintary associations and the relationship
between individual contribution and collective anti The aims are twofold.

Firstly, we seek to explain how “team reasoninga¢Barach et al. 2006) can deeply change the
functioning of voluntary associations (which aresidered to produce a public good) when some
or all of the individual members group together rtake collective decisions about their
involvement or contribution, rather than decidiegarately. Secondly, we seek to better understand
the effects of heterogeneity of resources on iddial involvement, in terms of both the budget
constraints of individual members and their capatit contribute differentiated non-monetary
contributions to the association, in relation te thiversity of their personal abilities and preferes
about the characteristics of the good produced.

To this end, we use a model of voluntary associatialectively producing a public good, where
monetary contributions (compulsory fees plus vamntdonations) is combined with volunteering.
We analyze the conditions for an association tergfirofitable conditions to its members and the
consequences that can be drawn in terms of itseexds and size. We show that, at equilibrium, the
level of voluntary contributions is ceteris parithigher when individuals make their decisions on
the basis of team-reasoning rather than indivigudle analyze the role played by heterogeneity of
incomes in the formation of teams within assocregio

We then introduce the concept of subjective quahtp the basic model. The originality of the
model is that we assume the public good to be cteriaed by at least two main components:
guantity and quality. The quantity is consideretehes a purely public component, insofar as all the
members benefit equally from it. However, the gyadif the public good is assumed to be a mixed
(public and private) component. The agents canyepgot of it in the same way, but there may be
certain characteristics of quality that are difficor impossible to measure objectively. Quality is
always somewhat subjective, to the extent thateger€orrespondence with the preferences of
heterogeneous agents is unlikely to occur. In oadeth the agents can contribute money and/or
time and effort. The latter, which we call voluriag, allows them to influence the quality of the
good (or service) provided according to their owef@rences.

Keywords: Voluntary associations, public good, ctition, voluteering, team reasonning,
collective action
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1. Introduction

In his seminal “Logic of Collective Action”, Olsof1971) stressed the role of groups in providing
public goods. He pointed out that, apart for sngatlups or those with coercive rules, “rational,
self-interested individuals will not act to achietheir common or group interests”. Thus, a key
issue of most public good production games is ti@at dilemma in which rational individuals
choose to free-ride. Yet, the net outcome of thetron is lower than it would be if they chose to
contribute. As a consequence of free-riding, thevigion of public goods characterized by
decreasing returns may partly or completely fail.

In the real world, however, the picture is moreiroptic, since many public goods are collectively
produced and real individuals appear to be ledmett to free-riding than pure “rational” agents
would be.

Voluntary associations are the archetype of groupsre individuals cooperate towards a common
goal (Rose, 1965, Laville and Sainsaulieu 1997)hénUSA, voluntary associations rely heavily on
voluntary contributions of time and money from widuals. According to Indiana University, 88%
of American households donated to charities in 20R2that year, individuals donated more than
$228 billion, while corporations and foundations/gabout $18 and $45 billion respectivein
2011, according to the Federal Agency for Servind &olunteering, 64.3 million Americans
(26.8%) volunteered about 7.9 billion hours in fafmorganizations. In monetary value,
volunteering in formal organizations is estimatedbe worth about $171 billion. In this sense,
research on the voluntary sector contributes t@ldgng new models of institutional behavior and
a richer conception of the individual utility funm (Rose-Ackerman, 1996).

The aim of this paper is to provide an analyticahfework for better understanding the internal
economic mechanisms of the formation and functigmhvoluntary associations. Why and how do
they form? Through what mechanisms do rationaMiddials succeed in cooperating?

Empirical and experimental studies have stressedilsand cultural factors, altruism and “warm
glow” or merely the preference for cooperationimagortant determinants of pro-social cooperative
behavior (Andreoni, 1995, Crumpler and Grossmafg828ndreoni and Payne, 2011, Guala et al.,
2013). In line with this literature, we consider tinis paper that even while taking decisions
individually, individuals remain social beings. Wefine the social dimension of an individual as
the characteristics related to his or her feelihpadonging to a group. This feeling contributes to
the individual’s decision process. We thereforesoder that individuals can behave as members of
a group, i.e., be team-reasoning, acting underoanfoon knowledge of solidarity{Bacharach,
1999; Bacharach et al. 2006; Guala et al., 2013).

In this paper, we develop a model of voluntary esdgimn formed by individuals for the provision
of a common good. At a first step, we consider taaeagents who benefit uniformly from a
quantity of a good. We show the existence of défiersymmetric and non-symmetric equilibria
corresponding to the different modes of emergenicassociations identified in the literature
(Gordon and Babchuk, 1959; Rose, 1965; Laville athsaulieu, 1997).

At the global N-symmetric equilibrium corresponditagthe case of a “for-self” association, all the
agents are equal in that they all make a fixed valty contribution. Voluntary contributions are
crowded out by compulsory payments and by exogemessurces. At the partial K-symmetric
equilibrium, where one can distinguish between tategories of agents, the “strong” and the
“weak”, only K agents make voluntary contributions. This casaesponds to an association
created “for others”. Here, the effects of crowdmg are also present and the level of voluntary

! Giving USA: The Annual Report on Philanthropy, dfeation of Giving USA Foundation™, researched amidten
by the Indiana University Lilly Family School of Rimthropy.



contributions falls with the size of the organipati At both the N-symmetric and the K-symmetric
equilibria, the amount of voluntary contribution®gs with the attractiveness of the public good.
For all these types of equilibria, we show thatdlaécome of the collective action is more efficient
when some or all individuals are “We-frame reasghiWe-frame reasoning corresponds to the
decision-making process where the question “Whatulshl do?” proceeds from the upstream
question “What should we do?”

Then, by introducing a budget constraint, we shgvdxistence of a unique partial K-symmetric
equilibrium, in which theK richest agents give an equal amount, while therstigive the rest of
their disposable income after dues. When it is ragsuthat the net income of the agent enters the
utility function in a concave way, we find that theexists a non-symmetric equilibrium at which all
the agents fix their voluntary contributions subhtttheir net disposable incomes are equal. In the
same configuration and after re-introducing the gaidconstraint, we show the existence of a
unique equilibrium at which only the richest menshbfarm a team within the association to make
additional voluntary contributions. The membergha$ group give an amount that makes their net
incomes equal.

Finally, we introduce the possibility for agentscntribute both money and time, i.e., to volunteer
Volunteering allows them to influence the qualitlytbe good provided according to their own

preferences. In a way, quality is always somewhdaiestive, insofar as perfect correspondence
with the preferences of heterogeneous agentsiiselynto occur.

The paper is organized as follows. The next seqii@vides a brief background to our study. In
section 3, we present the foundations of a modelabiintary association which is considered
collectively to produce a public good. The aim o imodel is to better understand the functioning
of voluntary organizations, in particular some mreeant issues faced by nonprofit managers:
membership and volunteer recruitment and reterdimh the decline in volunteering (Hoye et al.,
2006, Costa et al.,, 2006). Section 4 goes a stghefuby analyzing the different concepts of
equilibrium in voluntary contributions according tehether individuals base their decisions on
individual or team reasoning.

We then analyze the role of the heterogeneity @tlembers in terms of their budget constraints in
section 5 and of their capabilities for non-mongteontributions in section 6. The concept of
subjective quality is introduced into the basic ®lod

2. Voluntary contributions to the public good: the | for the We

The voluntary sector is considered as an extramgovental provider of collective consumption
goods, representing an alternative for unsatisfieshand (Weisbrod, 1977, 1986, 2000.) It can be
distinguished from the public and the private sextby its methods of providing goods and
services. The public provision of goods or serviseBnanced by compulsory taxes, while on the
market, individuals have to pay for their consumptiwith voluntary provision, on the other hand,
individuals can choose to contribute to the pr@nsof a good or service, whether they consume it
or not (Olson, 1971, Sugden, 1984), by forming atduy associations.

Under purely economic reasoning, voluntary assmriatwere initially considered as segregated
groups that arise for the mutual benefit of theemmbers, allowing them to share collectively-
provided goods which could not be provided indialliy or which are better provided collectively.
In this economic perspective, associations areideresd as closed “clubs”, where the “local public
good” is provided exclusively to its members anel guantity is the same for everyone (Buchanan,
1965, McGuire, 1974). On the other hand, in thaddogical perspective, voluntary associations
were considered as serving not only the memberbhipalso the “public-in-contact” or “public-at-
large” (Ross, 1972, Olson, 1971). During the lasb decades, the border between these



approaches has become blurred, with the growingldpment of empirical studies on voluntary
contributions and volunteering and with the intrciiton of notions of impure altruism arvdarm
glow for giving (Andreoni, 1988, Andreoni, 1989). Indlperspective, in contrast to the theory of
club goods, individual contributions are not petfeabstitutes, meaning that individuals can be
concerned about their private provision as well a®ut the total amount of public goods
(Bergstrom et al., 1986). This implies that pulfliading for instance does not completely crowd
out individual contributions.

According to standard public good theory, the amaainthe good provided through voluntary
contributions will be sub-optimal because of frekag. In theory, when agents are considered as
pure altruists (Andreoni, 1988), i.e. when they arerested only in the total outcome of the
collective action, public support leads to the ctetg crowding-out of voluntary contributions.
However, empirical studies show that voluntary dbntions are not completely crowded-out by
public financial support. Moreover, in experimensalidies, complete free-riding is not observed.
Experimental studies allow distinguishing betweernffecent determinants of voluntary
contributions. These studies show that communicadizcd common knowledge of group affiliation
tend to increase voluntary contributions (Andreamdl Petrie, 2004; Ellingsen et al, 2012; Guala et
al., 2013). Other social determinants, such asiceiridividual characteristics (Glaeser et al.,@00
cooperative values versus individualistic valuesffdfhann et al., 1996), socio-economic
environment (Carpenter et al., 2004, Fehr and Sithrh®99) also influence the provision of public
goods. In other words, the social dimension matters

Empirical studies of the voluntary sector focugiédy on the factors influencing donors' behavior.
These factors include state support of the promisibpublic goods, the total provision of public
goods, the fund-raising expenditure of nonprofitd andividual motivations (Andreoni and Payne,
2003; Andreoni and Payne 2012). As many empiritadlies show, governmental support of the
provision of public goods by the voluntary sectoes not crowd-out individual contributions. In
some cases, one can even observe some crowdifitgiis, Okten and Weisbrod (2000) find no
significant parameters of crowding-out in the Uditetates, and even some crowding-in effects. In
a study of international relief and developmentaoigations, Ribar and Wilhelm (2002) show that
contributions to these organizations are only weakfected by public support, but they are
positively influenced by fund-raising expenditule.experimental studies, the crowding-out is still
incomplete, although larger, probably due to thibdeate elimination of the social dimension in
experiments (Andreoni 1993).

3. A basic model: the | for the We, the We for the |

The model presented in this section is an extensi@standard public good model. We consider a
set ofN agentd = 1...N with N >1, who are members of an association. In what faldhwdenotes
the size of the association. The number of memimerst be higher than one, by definition of an
association. Each agent is endowed with an incemenhich can be used for private consumption
and for the provision of a public godal All the members have to pay a compulsory amauon

top of which each member can add a voluntary p@cyntontributiond; in order to increase
production of the public good. At this stage, hk tmembers benefit equally from the public good
provided, but at a level that depends more or desthe size of the association (rivalry). Thus the
utility function of each agent can be written alofes:

N
Ugs=w -c-d +%(Nc+2dj +X)7, (1)
j=1



O<a <1, O0<sy<l,

The variableX has a double economic meaning. A positive valuetépreted as a fixed amount of
monetary resources coming from exogenous origindli@ grants, for instance.) A negative
describes the net amount of fixed costs (fixedslests exogenous resources).

The parametera and§ describe the production technology of the pubbodycontributing to the
individual utility, in the non-linear and linearrfas respectively. The parametecan be interpreted

in terms of more or less important decreasing nstufhe parametet is always positive, because
contributing to the good is assumed to generat®sitiye externality. The introduction of this
parameter allows to vary the attractiveness of gbed. In fact, as has been noted in some
experimental studies, the attractiveness of a pubbod can positively influence individual
voluntary contributions to it (Hichri and KirmanQ@7).

The parametey denotes the publicness of the provided good bysoreay its degree of rivalry
(Bergstrom and Goodman, 1973; Blecha, 198%)ténding towards zero corresponds to decreasing
rivalry of the public good. At one extremg, equal to zero describes the case of a collective-
consumption good in the sense of Samuelson (19843. good is completely non-rival and its
consumption by one agent does not prevent othera fronsuming it. Think for instance of an
environmental association campaigning against potiuor an association combating a disease. In
these cases, each member benefits from the totdlitige results of the collective action. On the
contrary, ay equal to 1 describes a completely rival good, \ejant to a collectively provided
private good equally shared among the members.Aslwstration, this type of function may
correspond to the running of housing cooperatit@isly wide-spread nonprofit organizations in
countries like Canada or Switzerland.

The Question of Overcrowding: Too Many I's?

The existence of an association is conditionedhieyreturns individuals might expect in terms of
improvement of their utility function & when contributing to the production of a publicodo
jointly with the other members. These are expetteble increasing at least until a certain size of
the association.

Definition 1. By overcrowding we mean the situation where theviddal benefit, for each
member, from the public good provided diminishethashumber of members grows.

In our model, overcrowding may occur under certeamditions related to the size N of the
association and to the parameterandy characterizing the production and the sharing ofilthe
public good.

The case off equal to zero implies the absence of overcrowdingpfar as it describes a pure
public good (Samuelson, 1954). To understand owesting effects when is strictly positive, we
study the variations of the production function\{&th the number of membeké

f(N):%(NC+idJ+X)a, (2)

Proposition 1: In the absence of fixed costs (namely when there is no overcrowding. More
precisely:



- if y > a, returns to contribution decrease with the sizehef association as the sharing rule
cancels out the marginal gain expected from anyiddal contribution. No association of any size
can be formed.

- if y < a, there exists a threshold; Neyond which any additional contribution increases
individual utility. Thus, there is no overcrowdibgt there exists a minimal size which is necessary
for association to occur.

An interesting point resulting from this propositics that, in line with many empirical findings,
exogenous resourcés(such as government support) do not crowd ouwiddal contributionsas
the thresholdN1 above which association may foris an increasing function of. Thus, the size of
association increases with an increase in exoga®sosirces.

Proposition 2: In the presence of fixed costs, (namely if X <h@re& can exist an overcrowding
wheny > o. More precisely:

- if y < a, there exists a threshold, Meyond which any additional individual contribigin
increases individual utility;

- ify > a an association may occur only if the populatsare N> No. Beyond the threshold;N
there is overcrowding.

Proofs are presented in Appendix A. We begin byiragsg symmetrical voluntary contributions.
Then we study the sign of the derivative of thedpiion function with respect to h different
configurations (fixed costs versus exogenous ress)r To summarize, the sign of the derivatives
of the production function varies as follows:

Table 1: The size of the association and overcrogvdi

N N, = _é, N, =- A
C (y-a)c
df Undefined >0 0 <0
dN Association without Overcrowding
overcrowding

Note: Wherec' = c+d, with d the symmetrical voluntary contributio

At this stage, propositions 1 and 2 can be summdis in table 2.

Table 2: Overcrowding

Cases X >0 X <0
y<a No overcrowding No overcrowding
y=>a Association  may Overcrowding

not occur

We then extend the scope of the results by conegleéhe internal dynamics of the association.



Olson (1971) has already stressed the role ofmtteenial structure of associations, and in particula
its impact on the group's capacity to organize pihevision of public goods. These internal
structures can bring some formal or informal cooation to the process of providing the public
good or organizing a collective action. A formalimiormal team can be formed by individuals who
decide to provide the public good even if they htmveupport the total cost, or at least a highst co
than the others. According to Olson, such teamsheg@pen in relatively large groups. In this case,
the public good may be provided even in non-stmectgroups, as some participants may be able to
provide the public good to the entire group throagleadership commitment. More recently, Ray
and Vohra (2001) for instance study cooperatiothéprovision of public goods by allowing agents
to write binding agreements to form coalitions.

To take into account this type of internal dynamiosa first extension, we demonstrate that the
results obtained above hold whEnfirst members, founders for instance that can Ibe ealled
“committed agents”, each make a fixed voluntary tabation while newcomersi (> K), or
“involved agents”, only contribute the compulsorgauntc.

Then we allow the possibility far> K members to make a positive voluntary contributiwhile
letting the latter vary among th€ first members. We show that the general casetsesblained
above hold with these new extensions.

For the rest of the paper we now consideX >0 andy < a.

4. Symmetric Equilibria: from I-frame to We-frame

Voluntary associations, as defined by Rose (198&)elop “when a small group of people, finding
they have a certain interest (or purpose) in comragree to meet and act together in order to try to
satisfy that interest or achieve this purpose” 390). In fact, as noted by Ross (1972), this
definition is more appropriate to the originatorsi@aders in some associations rather than the
whole membership, or for certain expressive astoom (clubs, sports associations). This implies
that team reasoning may or may not take place ¢h suganizations, or may occur at the partial
level of a subgroup of members, while the otherstinoe to make their decisions in isolation. If
some of the members of an association may feetaolely committed, others may act rather as
individually-involved agents, or even as pure caoners.

In this section, we consider the different equilibcorresponding to different social modalities of
formation of associations that resemble the dédimitabove. We confine our attention to two
particular modes of emergence of association wagests choose to act not as individuals, but as
members of a group, acting under a “common knovdexfgsolidarity” (Bacharach, 1999).

In the first mode, the members can decide togdthepntribute an equal amount. In the second,
some members can form a team of contributors. Hitkerl can be likened to the leaders or
originators of the association. Thus, using Baattdsaerms, we consider a “we-frame” reasoning,
which, in contrast to the “I-frame” reasoning, askghat should we do?” instead of the more
standard “What should | do?” (Bacharach et al.,620Depending on the position of the originators
or leaders with regard to the action undertakee, @an distinguish between associations "for self"
and associations "for others". In the first cases members self-organize with no distinction
between a dominant category of active members andflziaries. In the organization “for others",
on the contrary, there is a differentiatianpriori between categories of so-called "weak" and
"strong" agents (Laville and Sainsaulieu, 1997288.)

These modes of emergence affect the internal fomici of the organization. In associations whose
members are not the direct beneficiaries, it is mom to observe some detachment of "weak"



categories from the "strong" actors. In this kinfdd asganization, the mobilization of passive
beneficiaries becomes an important issue for manage In self oriented associations, on the
contrary, the difficulty consists in reaching a sensus between the "strong actors" and pursuing
the joint action in a sustained manner (Laville &adhsaulieu, 1997, p. 290).

In the model proposed here, these situations arsidered using of different concepts of
equilibrium. The N-symmetric equilibrium can be sa@ered as the most socially desired result, in
that it implies equal contributions from each memltecorresponds to the case of an association
where all the participants belong to the same cayegf actors.

However, following Olson (1971), when an internedgp of members forms to make an additional
voluntary contribution, for instance “strong” parpants in the case of an association "for othexrs”,
K-symmetric equilibrium can be achieved. Finalligtroducing a budget constraint allows us to
analyze a partial K-symmetric equilibrium. In tluase, the members belonging to the group of
volunteers can each make an equal voluntary catiit, while members whose incomes do not
allow them to contribute at the same level contelass.

4.1. N-symmetric equilibria: when all are “I” vs “W e”

In the case of N-symmetric equilibrium, the volugteontribution d, =d LiON is equivalent to

a voluntary increase in dues, raising them fiota ¢’ = c+d. Here we make an explicit distinction
between a N-symmetric equilibrium based on indigidigolated decisions (“I-frame” reasoning)
and a N-symmetric equilibrium that can result frée-frame” reasoning. We call these thél
andWe-Nsymmetric equilibriunmespectively

Definition 3: We define a We-N symmetric equilibrium as an dgyuilin in which the N members
of an association make a collective decision abthg level of their individual voluntary
contributions.

Definition 4: We define a I-N symmetric equilibrium as an eqtiililm in which the N members of
an association make the decision about the levetheir individual voluntary contributions
individually.

Following Bacharach, a team reasomeproceeds in two steps that can be expressed as two
guestions: “what should we do” (as a team) and egusntly “what should | do” (as a member of
the team). “Step one is to reasairthe group level to engage in profile-based reasoning - and (...)
step two is to reasoas an individuakhat because théh component of the output of stage one is
what it is, that's what she should do” (Bacharacdhl.e2006, p. 123).

How do members calculate the level of their contidns?

The first order conditions are expressed diffesedéépending on whether agents reason in an |-
frame or a We-frame. In the case of the I-frame, tility function is derived with respect to the
individual contribution d and in the We-frame, all individual contributiodsare equal within the
team and the utility function is thus derived widspect to this common value d of individual
voluntary contributions.

The I-frame corresponds to standard reasoningvibhal utility is expressed by:



U, =w —c—d, +%(Nc+2dj +d, + X)“,
j#i

and its derivative:

ou, Oa
ad - e < (3)

i N (Nc+§di+di+x)
In the We-frame, because members are in symmepasations, the answer to the question “What
should we do?” is: to reach a total contribution §fared equally among the team and which
maximizes the individual utility of each member.efihthe answer to the question “What should |
do?” will be: to contribute at a level d*=D*/N.

This time, the individual utility function can beritten:

U

_ 6 a
=w —-c-—d +W(N(c+d)+X) :

and its derivative:

U, BaN*

ad (N(c+d)+ X)) @

The two expressions (3) and (4) of the derivativimdividual utility differ in the power of the s&z
of the association N.

Proposition 3: Without budget constraint, there exists a uniqié¢ symmetric equilibrium of the
voluntary contributiond” whose value is increasing éhanda and decreasing in ¢ and X.

For X=0 (and more widely 30), d* is decreasing with N.

For X>0, there exists a value N* under which d*decreasing with N and above which d* is
increasing with N. N* is an increasing functionéond a decreasing function of X.

Proof is given in Appendix B.

Example: the sign ofd”: d” is constrained to a positive or zero value. Duthéoconcavity of the
utility function (X>0 anda [/] 0,1] ), a negative value of d resulting from fivet order conditions
will give d*=0 because the utility function is thus decreasingfoyd > 0.

1

Atthe limit, d=0 = oNia™ 4 xNFa —(gm)ia =0 ()

To illustrate this, let us take the case wherel—a, then equation (5) becomes
1 _

CNZ + XN - () =0 (6) that has a negative and a positive rQot

Thus,d is negative for any sizg < \y and positive fory > | -

Then, d*=0 N <N andd*>0 On > N-



Thus, | is a threshold above which there exists a N-synmimeguilibrium with positive voluntary
contributions.

Proposition 4: In the absence of budget constraint, there existanajue We-N symmetric
equilibrium of voluntary contributions‘dvhose value is increasing in Blanda and decreasing in
c and X.

Proof is given in Appendix B.

lllustration: Sign ofd" . Let us consider the case wh&e2/3 and” =1/3 (thus¥ =1-a).

d=0 = (§)3N2—CN—X:O (7)

Equation (7) admits a negative and a positive MotThusd is negative wheh> N

Then, N represents the threshold above which a “We-N" teamds to generate a positive
voluntary contribution.

Proposition 5: We-N versus I-N equilibrium

For any size of the association, a We-N symmetpidibrium gives rise to higher voluntary
contributions than an I-N one.

Proof is given in Appendix B.

The considerations above concern the choice dditeeof the association. Members may have
incentives to recruit new members rather than reduiheir dues, which might also mean reducing
the scope of the collective action. This may bectiee for the organizations Olson wrote about,
which almost always welcome newcomers (Olson, 1p7%9.) Depending on the level of dues and
on the structure of distribution of agents’ incomenay be more or less difficult to attract new
members. Furthermore, when there are criteriacioirjg an association, this may limit its
accessibility to potential members. Gordon and Bak@1959), who studied these membership
criteria, identified the criteria of merit (as imtAmerican Sociological Society, for instance) and
the criteria of attributes, such as gender (emiriest associations), origins or culture (for imsta

an association of Ukrainians), or simply certainiablinks between members.

Some associations may, on the contrary, prefezswict entry, like the so-called “status
organizations” (Hansmann, 1986), which grant tpaiticipants a certain social status (Gordon and
Babchuk, 1959.) In these organizations, the detisfan individual to join depends not only on

the characteristics and the price of the colleajwed provided, but also on the characteristics of
the members. This kind of association establishesanal status level (in social, economic or
other terms) in addition to membership dues. Whembership in an organization provides its
members with social status, members may decidentbthe number of newcomers. This is the
case described by Olson (1971):

10



“If the top “400” were to become the top “4000”ethenefits to the entrants would be offset by the
losses of old members, who would have traded alteglxsocial connection for one that might be
only respectable" (Olson, 1971, p. 37.)

In any case, there exists a trade-off betweesitteeof the organization and the level of dues.

4.2. K-Symmetric Equilibrium: Who are “We”?

We shall now consider a so-called “We-frame” cotiteshere the coordinated initiative of a group
of K members decides collectively to make a symmeutiantary contribution. Generally, such
coordination is difficult to achieve and the orgaation costs can be high. However, in some cases
an existing group which has already met the orgdioz costs may facilitate further collective
action (Olson, 1971, Ross, 1972, Coleman, 1988pdhksted out in the literature (Auman and
Dreze, 1974), the aptitude of a group to providelkective good can be partly explained by its
origins and the factors that sustain it. The ides pre-existing organizations can facilitate the
collective action has been suggested by ColemasB{lf the form of the concept of social capital.

Groups of individuals who desire to contribute mcae have various different origins. Besides a
pre-existing organization, they may be founded ioship links or shared social and cultural
characteristics or representations.

Definition 4: We define a We-K symmetric equilibrium as an dgpiulim in which K < N members
of an association make a collective decision atloeiievel of their individual voluntary
contributions while the other members decide thadividual contribution individually.

Proposition 6: For anyK < N, there exists a unique We-K symmetric equilibraweh that
d, =d" 0iOK,andd=0 0 jO(N-K). MoreoverdX is increasing inK , 8, and@ and
decreasing inN, X, andC.

The proof is given in Appendix B.

Example Sign ofd* :

1

K _ 1o
47 =0 - (@) _Ne-x =o. (8)
N -
In the case o =1-a, (8) can be written:

1

N2C + XN - (daK)*= =0. (9)
Equation (9) has a negative and a positive roobierN~
d* <0 if N<R¥
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dX >0 if N> NX.

Thus,N¥ is the threshold above which a K-team brings étipesvoluntary contribution.

The propositions 3, 4 and 6 postulate, respectitieait at N-symmetric and K-symmetric equilibria,
the voluntary contribution decreases with an insee& the external resources This result
illustrates the effect of crowding out currentlyghiighted by the models of “pure altruism”
(Andreoni, 1988), where individuals are interestetbtal provision of the public good. As has been
shown in a number of theoretical studies, under“theely altruistic preferences” assumption,
voluntary contributions are completely crowded bytpublic subsidies (Andreoni, 1988, 1990,
Ribar and Wilhelm, 2002). However, this assumpti@as been challenged by empirical facts,
notably in the nonprofit area (Steinberg, 1987, vaoti, 1988, 1990, Ribar and Wilhelm, 2002).
The assumption of “impurely altruistic preference@ndreoni, 1988), according to which
individuals derive utility not only from total presion of the public good, but also from the act of
giving, accounts better for the persistence of ntalty contributions in the presence of public
financial support. Under this assumption, the criogyebut of voluntary contributions is incomplete
(see for instance Steinberg, 1987.) Moreover, Rageerman (1986) shows the possible crowding-
in effect of government grants in situations whaskintary contributions and grants are not perfect
substitutes. However, in her model, crowding-ireet are only possible under the condition that
the government is able to impose its rules on tigarozations it supports concerning the services
they provide.

The result that voluntary contributions are inchegsn € describes the positive effects of the
attractiveness of the public good on individualeiniives to contribute. This theoretical finding is
supported by a number of experimental studies, @vharincrease in the parameter of attractiveness
leads to an increase in the mean of voluntary dmrttons, but not necessarily at the individual
level of each subject (Hichri and Kirman, 2007).

Finally, according to the proposition abou,agents forming an internal team may decide to
contribute an equal amount while others pay onéydbmpulsory dues. The voluntary contribution
decreasing inN sheds light on the character of the sharing betwlee members of the team and
the rest of the group. Given the skef the team of volunteers, the amount of theiorffi“ being
decreasing wittN, means that the incentive to contribute is smakethe team of volunteers is
small compared to the size of the association. €y, givenN, d* is increasing with the sizé

of the team of volunteers, thus when the team naliey a growing share of the population.

Individuals may be averse to sharing a common gmodng a large number of people when a
public good is congestible (Alesina and La Ferra@0, Bergstrom and Goodman, 1973). As Ahn
et al. (2009) showed, individuals contribute grearaounts for the provision of collective goods in

restricted-entry groups than in free-entry grodpsthese restricted-entry groups, the selection of
newcomers by members leads to an increase in batitms and earnings.

In the real world, homophile preferences and the and composition of the population lead to the
formation of homogeneous groups (Cohen, 1977; Rogiand McPehrson, 1995). Social structure
can constrain or favor individual choices basechomophile preferences (McPherson and Lovin
1987). Therefore, among the factors influencing thternal teams in associations, we should
distinguish between constrained and freely-chosendphily.

We shall incorporate this idea into our model ie fast section of this paper, by introducing
individual preferences for the subjective qualityte public good.
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5. Voluntary contributions and heterogeneity of incomes

Going one step further, this section aims to inticedthe impact of heterogeneity of incomes on the
formation of teams of volunteers within associasiodeterogeneity of the agents' economic power
has to be taken into account through two compleangra#spects: the budget constraints and the fact
that marginal contribution of one monetary unitthe individual utility depends on the level of
income. We will introduce these two aspects sudeelysinto our model.

5.1. Budget constraint and partial K-symmetric equ ilibrium:

a We-frame for the richest
Here, we introduce some heterogeneity by impodieghiudget constraint that influences agents'
choices. In the case with budget constraint, membkthe association are constrained to a level of
contributions that cannot exceed the levelthf limited by their incomeW, .

This may result in a team-based equilibrium in Whamly contributions of a shaite of the total
populationN are symmetric.

Proposition 7: Given a distribution of incomes, there exists aqueivalue ofK < N and a unique
We-K symmetric equilibrium, such thdt =d* 0OiOK={k|w,-c-d“ >0} andd; =w, -C
OjO(N=K).

dK
W,- C
K N
The proof is given in Appendix C.
5.2. Heterogeneity of incomes and non-symmetric equ ilibrium;

We-frame and price discrimination

In this section, we study the relation betweenékel of voluntary contributions and incomes by
introducing the non-constant character of the nmatgsontribution of a monetary unit to the
individual utility. Taking the individual utility madel based on division of the budget between
private consumption and contributions to the pugbod, we can consider that the net income of

the agent, or W, —c—d; contributes to her utility in a concave way. Cansantly, we can note:
H N
U =(w -c=d)"+=5(Ne+ D d; +X)7. (10)
i=L
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Proposition 8: There exists a unique equilibrium under constramtyhich the richest agents of a
sub-groupK < N contribute at such a level that their net incorassreduced to a common

reference level, —c—d, =w, >0 for all the agents irK , while the agents fronN — K , whose
incomes are less thaw, + C, do not make any voluntary contributions.

For proof see Appendix C.

Proposition 8 shows how the agents choose thest Ewoluntary contribution at a non-symmetric

equilibrium. In fact, in this case, each agent paygersonalized price for the public good. The
ability of voluntary organizations to establish smmalized prices (or a system of price
discrimination) has already been stressed in tlomaic literature (Hansmann, 1981, Ben-Ner,
1986.) According to Ben-Ner, the non-market intéoas between members, (kinship links,
neighborhood, common background), as well as tmepmofit distribution constraint, allow these

organizations to reveal demands and to establigopalized prices.

The result where all the agents are reducatidcsame leveMW, of net income is somewhat

simplistic. This is due to the fact that in this a@eg the share of the initial allocation dedicated
private consumption corresponds to an homogenousd geith a unique technology of
consumption. However, in real life, disposable meois rather devoted partly to differentiated
baskets of goods characterized by diversified compgion technologies and partly to savings.

6. Volunteering and subjective quality: The | for the We and
the | for the |

Now, let us assume that the agents can contributeet public good not only money, but also their
time and effort. One can differentiate three maipes of theoretical framework for explaining
volunteering: pure public good models, private congtion models and investment models
(Ziemek, 2006.) Pure public good models considet tlolunteers are motivated exclusively by
total provision of the public good. Private constimp models focus on personal rewards, like
social status or simply a warm glow. Investment el®dnay be considered as a special case of
private consumption model, as volunteering providestain benefits associated with the
accumulation of human and social capital.

The model we describe below is situated between "fhae public goods" and "private
consumption” approaches, as the act of volunteasimgt independent of the characteristics of the
public good to which it contributes. We consideattiiolunteering provides an additional utility to
the one derived from total provision, as in Stergb€l987), for instance. Steinberg's approach,
considered as ‘anixed public-private good approachtepresents a case of an "impurely altruistic
model” (Andreoni, 1990). The individual utility fation includes the public goods provided
through the agent's individual voluntary contribati public resources and the contributions of
others. The individual contribution and the othgerts' contributions are complementary when the
individual is faced with social comparisons withiar group of reference. When the individual is
motivated only by total provision, her contributsomnd the contributions of others are perfect
substitutes.
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In our model, each membér can contribute to the public good by making a nmmetary
contribution of effort notedv;, which is subjective in value and which adds to henetary
contribution ¢ . This effort allows agents to influence the quyabif the public good according to
their own preferences. The quality is subjectivaofar as it cannot always be evaluated objectively.
In other words, the quality of a good (or a seryitesubjective when it is evaluated through
individual perceptions rather than standardizedsuess.

One notable example of the use of subjective quatimes from the field of child day-care. Here,
the measurement of quality is influenced by patepteferences concerning certain service
characteristics, making it more subjective thandtamdards elaborated by experts. For instance, it
may be important to know whether the provider &f thild-care service speaks the same language,
shares the same values or the same religion. fripBes that an individual's perception of quality
may differ not only from others' perceptions, bisbarom the more objective evaluations made by
experts using an index of quality (Farquhar, 1998ss, 1994.) In fact, as Evers and Riedel (2004)
have shown in a German case study, the developoiemtnprofit child-care centers was mainly
driven by the desire of some parents to creater@acsein keeping with certain pedagogical,
ideological or religious principles. As observedtive United States, nonprofit child-care centers
tend to include parent participation and providerentabor-intensive services than private ones
(Kushman, 1979).

We therefore suggest that the members of an assoczan volunteer in the hope of influencing
the subjective quality of the good or service bgingvided. Bearing in mind the example of child
care, the role of volunteers can consist in orgagizactivities according to their cultural
background or educational convictions. In the fiefldthe arts, active members can influence
programming choices according to their persondesaginally, in a charity helping the poor, the
more active volunteers can influence the criteriaelgibility or the order of priority (Rose-
Ackerman, 1986.)

Two aspects must be taken into consideration here:
- The cost of the effort.

By convention, we measure effot as a fraction of the individual's disposable tithat is
dedicated to the volunteering, ¥rl[0,1]. Fori, the effortV, represents an opportunity cost that is

proportional to her income. We assume that eachtdgﬁorks a length of time 1 to earn an income
W, . Thus, the opportunity cost can be writtervas .

- The impact on the subjective value of the good.

The subjective value of the public good for therdgedepends both on the total amount of effort
provided by all the volunteers and on the weightbef own effort as a proportion of the total. The
combination of both can differ according to howdivmdualistic” the association is. So agents can
attach more or less value to the public good itelf they also value their own contributions more
or less highly.

Thus, the subjective level of effort can be writees follows:
N
(1-0) DV, + =(1-J)v, +V,.  (11)
j=1

where o is the parameter of “individualism”. Two extremases can be considered:

N

-0 =0 leads tozjzlvj and expresses a purely collective orientatiorother words, the effort

of a volunteer is added to the sum of efforts ptedi by other agents; efforts are pure substitutes.
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- 0 =1 leads toV, and designates a purely individualistic orientatizvhere the personal
contribution is the only one valued, in spite of #ffort provided by others.

We consider thad , the so-called parameter of individualism, chaazes the type of association.
Under some conditions, it is possible to link tmarameter with the typology of voluntary
associations (see for instance Gordon and Babch8&9), defining them as “expressive” or
“instrumental groups”. The main objective of thesfitype of association is to provide common
activities for their members. The members are tilmneficiaries of organized activities (for
instance a country-club.) & equal to one denotes a purely expressive assmtiatiasmuch as
participation in its activities provides a directtification for the members. On the contrary, the
main function of so-called instrumental associaimdirected outside the organization. This kind
of association aims to create and maintain a naveabondition or a commitment (Gordon and
Babchuk, p. 25) and exercises a social influengantples include associations for the defense of
the rights of minorities and the poor, or certaglitgal and religious organizations. The extreme
case of such an association is denoted by a vélde equal to zero. In other words, it is assumed
that the members are driven by ideological priresphr common values, rather than the pleasure of
participating in a shared activity. In real lifegluntary associations can accomplish both functions
For example, some associations may have an exypee$snction at the local level and an
instrumental function at the national level. Intediate associations may be situated between the
two extreme cases with@ more or less close to 0 or to 1.

In our model, we introduce effort into the prodoatifunction of the public good by means of a
Cobb-Douglas function. The utility of the agems now written as:

N N
U, =w —c—d —wu +%(Nc+2d,- +X)7(1=0)D; +a)” (12)
j=1 j=1

with @ and 8 0,1

In a standard way, each agéntletermines her pecuniary contributién and her effort; so as to
maximize her subjective utilityJ;, according to her rational expectations about lewels of

voluntary contributions>_,.d; =d_; and effort, .V =V.; made by the other agents.

Proposition 9: At equilibrium, each agent fixes her levels of wtdwy contribution and effort
(d.,v;) by attributing to the latter a relative weight depling on her income. The lower the

income, the higher the relative weight of the efflor other words, a poorer agent will compensate
for her weak monetary contribution by a greateodff Moreover, for all the agents, the level of
direct effort is an increasing function of the degiof individualisno .

For proof see Appendix D.

The model above shows that pecuniary contributems volunteering can well be made jointly.
This conforms to the stylized facts, whereby marnetnations and volunteering often go together
(Cappellari et al., 2011). One of explanationshigt tmotivated by “warm glow”, donors need to
control the use of their donations. In our modeg siress the idea that the trade-off between
monetary contributions and volunteering can alstdsed on the desire to influence the quality of
the public output. Moreover, the valuation of thélic good becomes socially-based, to the extent
that it depends on the agents' characteristictufeyleducation, ideological considerations, etc.)

Pecuniary contributions and volunteering may waellluence the characteristics of the good

16



differently. The greater thé (the parameter of individualism characterizing #ssociation), the
greater the effort provided by individual. In othgords, the model predicts that volunteering is
likely to be more important in expressive assocrai (Gordon and Babchuk, 1959), i.e., those
essentially oriented towards the interests of thiembers.

This finding is in line with empirical studies omlunteering. Salamon et al. (2003) highlight the
important role of volunteers in the field of cukuand arts, accounting for a quarter of total
volunteering. According to Schervish and Haven9{)9volunteers in the United States largely
benefit from the activities they create. In Francgre than half of the members of expressive
associations (social clubs, etc.) take part instiered activities as organizers at least once &,wee
compared with 34 per cent in the instrumental datoos. Volunteering is often motivated by

specific needs, for example regarding childrenigcation (Prouteau and Wolff 2004; Carlin, 2001;
Ziemek, 2006).

As regards the effect of income on volunteering;oatding to (D.3), the level of effort is a
decreasing function of win other words, the effort of volunteering isdik to rise when the wage
rate decreases. An empirical support to this figdiras provided by Menchik and Weisbrod (1987),
who found an inverse relation between volunteeang wage rates. Moreover, Andreoni et al.
(1996) documented a relatively substantial negagiffect of the net wage on volunteer hours.
However, the effects of wage rate on volunteeriray e sensitive to the type of motivation or
other determinants.

7. Conclusion

In this paper, we have analyzed the voluntary agsono as a means of collective action. An
important feature of these organizations is indmaldinvolvement in a common action. We have
introduced different ways for individuals to panpiate in voluntary associations according to the
degree of their commitment to collective aims, esponding to a shift from personal to collective
self (Brewer and Gardner, 1996).

We have developed a model of voluntary associdbomed by individuals interested in obtaining
satisfaction from the provision of a common gooe $Mow that the efficiency of collective action
is higher when some or all individuals follow “Weaine” reasoning (Bacharach et al., 2006).

The main contribution of this paper consists inhhghting voluntary association as a group of

individuals formed around a common goal. In thissse voluntary associations appear as an
archetypal case of team reasoning formation. Bist does not exclude that possibility that the

members of an association may have their own dgpisgaand conceptions of the good or service
they want to provide. One implication of our fingsis that to attract greater volunteering effort,

associations should better respond to the persobalests of volunteers. In associations “for-

others” this could be achieved through public rextgn or prestige, but also through dialogue and
communication between members.

An important assumption made in the model is thdividuals may desire not only to increase
production of the public good, but also to influents quality through volunteering. The originality
of the model is that we assume the public good @¢ocharacterized by at least two main
components, namely quantity and quality. The qtymns considered here as a purely public
component, insofar as all the members benefit §géram it. The quality of the public good is
considered as a mixed (public and private) comporidre agents can enjoy part of it in the same
way, but there may exist certain characteristicguality that are difficult or impossible to measur
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objectively. In a way, quality is always somewhatbjective, to the extent that perfect
correspondence with the preferences of heterogsragents is unlikely to occur.

In our model, the agents can contribute moneynoe tand effort. The latter, or volunteering, allows
them to influence the quality of the good (or seeyiprovided according to their own preferences.
The collective dimension of the self does not efftiee personal dimension. This idea is formalized
by introducing the concept of subjective quality)areby the perceptions of the quality of a good
(or service) may well differ between individualsowkver, this does not exclude other possible
motives of volunteers, which are not taken intooaict here. Moreover, the motives of volunteers
to devote time and effort may differ, dependinglom people and the social context. The degrees of
motivation of individuals can also be heterogeneduss heterogeneity of motives could be an
interesting subject for future work.

Accepting these differences, what has been caledépted differentiation”, allows the actors to
promote collective action. As Laville and Sainsauli{1997) observed, associative activity is an
exercise in social cohesion; it does not excludedhkpression of differences that come together
around a shared project. In other words, as thegayes, "people can share the same bed without
sharing the same dreams."
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APPENDICES

A. Proofs of propositions 1 and 2
Let us assume first symmetric voluntary contribogi, in other wordsl; =d for eachi,

and notec’ = c+d. Now, the equation (2) can be re-written as

1 . a
To make f (N) defined and continuous, let us assume that
Nc'+ X =0,
or that
X
N>-Z=N,. (A.2)

When X <0 (namely, in the presence of fixed costs), thisdition means that the number of
participants must be high enough for the sum aviddal contributionsc’ to compensate the fixed
cost X .

When X = 0, this condition holds for any value &f > 0.
The derivative of the production function of thébpa good (A.1) can be written as follows:

df _ Nc(@-y)- X
dN N V+1(NC1 + x)l—a ) (AB)
Given (A.2), the sign of the derivative will beetbne of the numerator (A.3), or

sg% =sg(Nc'(a - y) - ¥X). (A.4)

(i.) When X> 0, namely in the presence of public subsidies,

If y>a,
df
— < 0,0N. A5
N (A.5)

In this case, association does not make senseeah#ring rule described kyycancels the gain of
individual utility.

If vy <a,
The variation of the sign of the derivative is giva the table below.

Table A.1: Variations of the production function with N in the presence of external

subsidies
fh"n’ 4
Ny = = -,
(r—7y)c
df <0 0 >()
g M
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Beyond N,, each additional contribution leads to a gain in individual utility. There is no

overcrowding, but there exists a minimal size of association which is necessary for association to
make sense.

(ii.) When X <0, namely in the presence of fixed costs, two cases need to be studied:
If 7 =&, the production function is increasing with the number of contributors if their number is
higher than N, . In this case, there is no overcrowding.

Nc'(a—y)—yX > 0,VYN. (A.6)
Thus,
df -X
—2>0,YN>——=N,. A7
Y, % 0 (A7)
Ifr=>a,
Nc'(a-y)—yX =0 (A.8)
for a number of participants N equal to
e (A9

the table of variations of the derivative will be the following:

Table A.2: Variations of the production function with N in the presence of fixed costs

N N, = X

C(y-a)

a7 5 0 &
d N

Beyond N,, the production function generates overcrowding. In other words, when the

number of participants is higher than N, the amount of good produced diminishes with the number
of members.

Note that N, > N;. The number of members N, represents a minimal size of association.

Beyond this size and up to N,, effects of overcrowding are absent, namely the production of the
public good increases with the number of members.

A.1 Extension 1

Now let us suppose that K first members, founders for instance, have fixed the level of the
voluntary contribution, while the newcomers contribute only the compulsory amount c¢. For each

N €[N,,K], the previous results hold.
Beyond this threshold, VN > K the production function is written as follows:

. 1 u
j(N)ZW(Nc+Kd+X) . (A.10)

This situation is equivalent to the previous case with ¢’ = ¢ and
Y=X+Kd. (A.11)

20



Thus, the previous results are found with

Y
N, .
and
_
L@y (A.12)
An important issue here is to situdtg with regard toK .
If Y20 andy <a,
1 = yY 2
(a-y)c
if and only if
W = (a-y)cK. (A.13)
By substituting (A.11) in (A.13) we obtain
Klc(a -y) —d] < )X, (A.14)

- If the term of the equation (A.14§a —y)—d >0, i.e. if the compulsory amount is
high enough relative to voluntary contributionsritwe obtain
K XX g (A.15)

c(a-y)-d '

Therefore we obtain the following table of variai$o where two alternative cases depend on
the relative position ok with regard tosS.

Table A.3: Position of K relatively to s

Ji'\-'ra_,l A
K N;
dfF <0 >0 <0 <0 >0
dnN
K
df <0 >0 >0
d N

Thus, for a population that is large enough, tiere overcrowding.

- In the case where{a —y) —d <0 and X >0, the inequality (A.14) holds for any
K >0 (here we are in the alternative cdses N,).

If X <0, we find the two alternative cases above.
Finally, if Y <0, we find the previous results.

A.2 Extension 2
If beyond the numbeK it is possible to make voluntary contributiong 8ituation of every

member is improved. Overcrowding remains absent,itoaan occur whenY <0 and > @,
beyond a threshold possibly moved forward.
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A.3 Extension 3
If below K, the voluntary contributions vary, one can subgitkd by D = z:.:ldj . The
result still holds.

B. Proofs of propositions 3 to 6

B.1 Proof of proposition 3
Given the utility function

U =w -c-d +—(Nc+Zd +d, +X)?,  (B.1)

j#i

oy, n Oa
ad; NY(Nc+Y. d, +d,+x) ™ (B-2)
j#i
The first-order condition for a N-symmetric equiliom gives the optimal value of voluntary
contributions without budget constrdint

1
d’ = Lﬁ’)“’ X (B.3)
2 +1 N
Nl—a

From equation (B.3) follows that™ is decreasing in X and C and increasingiand @ .
The variations of d* with N depend on the signlcf terivative
1
. o
od ( y . ) (Ha)

aN -a Y N2
N @

If X<0 % <0 U Nthen d*is a decreasing function of N.

1+ 4 1
od” _ 0 [6o(—L1=ayrayy
If X>0 ON = N= X =N*
d* is a decreasing function M for N<N*
and increasing witlN for N>N*
whereN* is a growing function off and decreasing function Xf.
|

B.2. Proof of proposition 4
In a We-frame the utility function for any] N can be written as follows

U =w -c-d +%(N(c+d)+X)”, and

2The second order conditions hold¥ =0 anda <1.
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U, _ ., 6aN"
ad (N(c+d)+ X))

1 awy
The F.O.C. giveg" =d" +c=(8a)ra N1e _%.
Following the assumption0, d" is an increasing function of N and a decreasimgtion of X.
|

B.3 Proof of proposition 5
Denote c*=d*+c for the I-frame equilibrium and' =d" + ¢ for the We-frame one.

ﬂ
cV>cr = NTO> ., brovided that O <1 = N>
Nl—a

1 1
Ne PN

B.4 Proof of proposition 6

The proof proceeds in two steps.

First, let us consider the K-team. Members of #zt determine a level of contributidh

maximizing the individual utility of each of them.

Denote d the individual voluntary contribution betteam's members, then their utility function can
be written:

. % a
00K U =w —c=d+—5(Ne+Kd +X)7, (B.4)

under the rational expectation that members outsidé-team do not bring any contribution over
and above the compulsory amount c.

Maximizing (B.4) yields

1
Nc+Kd © + x = ("%)ra (B.5)
Ny
OaK | =
thus G ) ~Ne=X (B.6)
- |

To show that this actually defines an equilibriutns then necessary to validate the above rational
expectation.
Let us consider the individuals outside the K-team:

OiON-K, Ui:vvi—c—di+%(Nc+KdK+di+d_i+X)”, (B.7)
whered+ = 2.d;.
JON K, j#i
. e «
FOC gived, = (W)l @ —(Nc-Kd* +X)-d,, (B.8)

where d >0 iff ) 0 N-K: d, >0 and d = 0 conversely.
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By substituting (B.5) in (B.8) provided K > @,< 1, and thukﬁ >1r

1

1
d = (%)g -[1-K*]-d_, and then &k 0.

Thus,i does not bring any (positive) voluntary contributi validating the expectation of the
members of the K-team.

From (B.6) it follows thatd® is increasing ird, @, andK and decreasing ilN , X , andC.

C Proofs of the propositions 7 and 8

C.1 Proof of proposition 7

Let us rank the population of agents in decreasinder of incomes as follows:
j>i=>w swi,
The result is a straightforward consequence ofptioperties shown by Foray, Thoron, and
Zimmermann (2007) applied to the previous modedapfilibrium with constraints. The distribution
of voluntary contributions is as follows

Now, the individual utility is written for any[JK as follows:

UiK:Wi—c—d"+%(Nc+KdK+DN‘K+X)”, (C.1)
where
DY =>'w, -c.
i>K
or
UiK:vvi—c—dK+%(K(c+dK)+QN‘K+X)", (C.2)
where
QN—K - Z WJ
i0(N=K)
For anyi 0K,
3;’ = —1+—9,§"f (K(c+d ) +Q"™  +X)" . (C3)
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By assuminggdié =0, we obtain an optimal value of contributions faya 0K :

BoK .~ _ 1
d“ =[(—) -Q" " -X]=-c. C.4
[( Ny) ]K (C.4)

According to Foray, Thoron and Zimmermann (208, value ofK is adjusted in such a way,
thatw, —c=d"“ andw,,, —c<d®.

C.2. Proof of proposition 8

The proof proceeds in two steps.
In the first step, we compute the individual levefscontribution without any constraint. Then in

the second step, we introduce budget constrairtgtennecessity for voluntary contributions to be
positive or zero.

Step 1: Contributions without budget constraint

Now, the first order condition is written as
oy, _ S 17, a

) (Nc+idj PX) (C.5)

- +
ad. (w-c—-d)* N’

The second order condition becomes
0, _ B(-5) % a(l-a)

=- -— <0.
2 A 2-p y N
od, (w—c-d) N (NC+Zd,- +X)2 (C.6)
j=1
. N . . 0U, . "
The non-constrained equilibrium is obtained byasag . =0 0iON under condition
w —c—d >0. (C.7)
We obtain therefore
Jé; _ 6 a
—c—d ) N’ N '
(w—c—d) N (Nc+2d,- + X))+ (C.8)
j=1

It follows consequently thdtli # j
B _ B
(w-c=d)™” (w,-c=d))"”
orthatdiON, w, —c—d, =w,, and thus
d=w-w,—-cC (C.9)

Thus, after voluntary contribution, all the agests brought to the same level of net income
Now, we can write

N N
Zdi = ZWJ —-N(c+w,)=Q—-N(c+w,),
=1 =

from which, by substituting in (D4) we obtain
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L _ 6 a
W T NP (Q+ X - Nwg)™
It follows that W, solution of the implicit equation (C.10) is sthcpositive, which satisfies the
condition (C.7).

(C.10)

Step 2 : Budget constraints

We now introduce budget constrainfd/ZN, d >0 andd, < w; - ¢. In a solution under constraint,
d <0 becomesl =0, while d > w - cbecomesd = w -c.

Neverthelessgi > w -c = W -Cc- W > W - cand thuse w, < 0, which contradicts the
previous assertion.

Thus the constraint; >0 still remains.
Here d <0 if and only if w, <w, + ¢, and the set of agents with incomes lower than
W, + ¢ do not make any voluntary contribution at all.

As in Foray, Thoron, and Zimmermann (2007), if theagents are ranked in decreasing order of
incomes, there existsta < N satisfying the following conditions:

The individual utility is writtenUi O K
K
U, =(V\4-C-di)ﬁ+%(NC+Zdj+X)”- (C.11)
j=1

In the same way as aboveéi 1K
d=w-w,-cC.

However, this time
K

K
dd; =>w —K(c+tw,)=Q, —K(c+w),
=1

j=1
and consequentlyy, is solution of the implicit equation
B _0 a
wWe? NV (Q + X —Kw, +(N-K)e)"™

(C.12)

D. Proof of proposition 9
To simplify the expression of the utility functiotet us notew=w,, m=d,, M =Nc+ X +d,

f=v, F=(1-9)v,, z= % and Xx=Ww, —c—d, . The latter represents the share of the budgiet of

available for her private consumption.

Thus, the agentis solving the following:
MaxU (x,m, f) = x—-wf +z(M +m)?(F + f)# (D.1)
under a budget constraint
X+m+c-w=0 (D.2)
Using the Kuhn and Tuker theorem and noting thetiplidator corresponding to the constraint
(D.2) as A, we write the marginal utilities and the respeetfirst order conditions (the marginal
utilities are proportional to the prices):
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ou

S T=A=A )
U _ (F+f)f _ B y
a—m—mw—ADm—/‘ (ll),
and
(M +m)? _ _
af 'BZ(F+f)15 w=Ap, =0. (iii)

From(i) it follows thatA =1.

Consequently, the first order conditions (ii) ang ¢an be written as
az(F+ )P =(M +m)"~  (ii")
and
Lz(M +m)? =w(F + ) (iii")
By making a cross product of the terms of thesegops, we obtain:
ow(F +f)= (M +m)

o f= £(|v| +m) - (D.3)
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