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This paper analyzes the implementation of centralized sanctioning on free-
riding behavior in societies where wealth heterogeneity leads to different indi-
vidual contributing and free-riding incentives on public goods. The decision on
the implementation is made by a government representing a social class. We
show that if the sanctioning institution can achieve contribution by the entire
population, the government representing the poor will implement it more of-
ten. This will always be efficient. However, if the sanctioning institution only
achieves contribution of a share of the population, the government of a free-
riding rich class can implement it more often if expected fines are sufficiently
low. Nevertheless, implementing the institution may be inefficient.

Keywords: public goods game, sanctioning institutions, wealth heterogeneity,
pool punishment, moral hazard.

JEL classification code: C72, D02, H41

1 Introduction

Our behavior in society is strongly influenced by enforcement institutions that
determine what should and what should not be done. Law enforcement is pro-
vided through the courts, the police or national tax agencies, for instance. They
impose punishment of improper behavior through sanctions. Many of us believe
that we would behave in the same way if such institutions did not exist because
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it is the “right thing" to do, but our selfishness would surely move us in another
direction.

This paper studies the implementation and performance of a sanctioning insti-
tution in a public goods provision context. Contributions take place in a society
where there are different social classes with different levels of wealth. Decisions
on the provision of incentives for the enforcement institution are made by a
government representing the interests of a particular social class. We focus on
and compare the decisions made by different governments.

Public goods provision has been extensively discussed as a social dilemma.
In one-shot interactions among selfish individuals, any of them will prefer to
free ride in the contribution and keep their endowments as private investment.
To tackle this problem, the consideration of social preferences jointly with the
introduction of peer punishment has been the most standard way of implement-
ing a mechanism to address the free-rider issue (Fehr and Gachter, 2000). Peer
punishment consists of the opportunity for each individual to costly penalize,
at the end of the game, those participants who have been free riders. However,
peer punishment causes high collateral damage as the costs surpass the possi-
ble gains in cooperation, unless individuals interact over prolonged periods of
time (Géchter et al. 2008). Additionally, formal individual punishment is hard
to implement, especially in large groups (Greif, 1993). Moreover, we know from
evolutionary game theory (Boyd and Richerson, 1988), that it is difficult to
explain the evolution of cooperation when there is peer punishment. This kind
of punishment is very costly and, rare unconditional punishers bear substantial
costs and hence are eliminated in the evolutionary dynamics.

An alternative to peer punishment is pool punishment, that is, centralized
sanctioning. Throughout history, individuals have tended to group themselves
and develop centralized sanctioning institutions with the power of punishing
defectors. These institutions have not been automatic punishers, but have had
their own incentives in the maintenance of social and political order. Many his-
torical examples abide. Just as an example, Genoa in the period 1194-1339,
where a poderestia system was established after the failure of the Genoese com-
mune, incapable of adapting to socio-economical changes. The transition re-
flected local learning from past institutions introducing an additional strategic
player (podestd) that needed to be appropriately motivated to implement the
desired outcome. This figure, who had coercive power and decision-making abil-
ity, had to reinforce cooperation among clans but should necessarily be limited,
having no incentives to become a dictator or to side with any Genoese clan
(Greif, 2006).

Additionally, the statemaking theory has exposed the emergence of central-
ized enforcers as providers of public goods. In primary societies where roving
banditry reigned, leading to inefficient overpunishment through excessive plun-
dering, stationary banditry eventually dominated. Stationary bandits served as
centralized sanctioning institutions, which monopolized violence in a given re-
gion and provided public goods in a more efficient way than roving bandits. This
result has been proven to apply to Vikings’ activities and settlements (Kurrild-



Klitgaard and Svendsen, 2007).

Nowadays, in our complex societies, the provision of public goods - and the
Welfare State - are mostly financed by taxes, and transgressions, specially in
large groups, are punished by specialized law enforcers.! Illustrations of central-
ized enforcing institutions are specialized law bodies, such as the police or the
courts (Fehr and Williams, 2017) or, at a larger international scale, the Kyoto-
protocol or the United Nations Security Council (Sutter et al. 2010). These
sanctioning institutions are steered by individuals with their own goals and
interests. Specialized enforcers need to be given incentives to carry out costly
punishment. Their effort exerted in monitoring and sanctioning non-cooperative
behavior is subject to moral hazard problems? and, therefore, their performance
will crucially depend on the incentives provided by the society represented by
the government. But in a society with a heterogeneous distribution of wealth,
the government might represent the interests of a particular social class (Prze-
worski, 2015). If everybody in the society or group has the same level of wealth,
incentives are the same for everybody, but in the presence of wealth heterogene-
ity, the incentives provided by different social classes to the institution might
be quite different.

Our main interest in this paper is to understand how enforcement institutions
that govern us work if the decision of implementing such institutions had to be
made today in societies where governments’ decisions are strongly influenced
by social classes’ interests. With this purpose, we theoretically model a society
conformed by selfish individuals® with different levels of wealth, i.e. different
individual endowments from which to contribute to a public good. A govern-
ment representing one of these classes has the opportunity of implementing a
sanctioning institution before contributions are made, which will take action at
the end of the game.

We first determine the relation between wealth and incentives to contribute.
Our basic assumption is that the expected cost from being discovered and pun-
ished when there is no contribution is non- increasing on wealth. In this setting,
on an individual basis, the higher an individual’s wealth is, the lower will his/her
incentives to contribute under the threat of a sanctioning institution be. We
characterize a critical wealth threshold from which individuals stop finding it
profitable to contribute. Such threshold depends on the valuation of the public
good and on the quality of the sanctioning institution, that is, on the monitoring
and punishment technology. This result is endorsed by experimental evidence

1Such centralized authorities are desirable when contracts and property rights are not
enforceable due to, for instance, high transaction costs (Aldashev and Zanarone, 2017) and
are better positioned to overcome coordination failures than peer punishment (Baldassarri
and Grossman, 2011).

2Effort exerted could also be subject to adverse selection problems. However, in this work
we focus on the moral hazard issue.

3The selfishness assumption clearly holds in relevant cases such as international agreements
among countries or bargaining among companies. Beyond these cases, the introduction of
social preferences will encourage cooperation making the positive provision of a public good
occur more easily. Therefore, we are considering the worst possible case, where selfishness
prevails.
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(Buckley and Croson, 2006; Heap et al. 2016) and field evidence, which sug-
gests a strong positive correlation between wealth and fraud. Tax evasion, for
instance, occurs more frequently in wealthier social classes than in the lower
social strata (Alstadseeter et al. 2019).

In the next place, we study under which government will the sanctioning
institution be implemented more often and its efficiency. In this case, the identity
of the social class represented by the government becomes decisive, as the one
with the lowest cost will implement the institution in a greater range of cases. If
the sanctioning institution is able to enhance the contribution of all social classes
in the population, implementing it will always be efficient. The government
implementing it in a greater range of cases will be the poor-class government
and it will, therefore, always make the efficient decision. In general, if there is
full contribution, a government representing a social class with a level of wealth
smaller or equal than the average wealth of the population will always make
the efficient decision of implementing the sanctioning institution. Nevertheless,
a government representing a rich class above the average level of wealth will not
implement it in situations where it is socially efficient to do so.

Alternatively, it could be the case that the sanctioning institution’s threat
only achieved the contribution of some social classes. In this case, a government
who will implement it in a greater range of cases will only be a poor-class gov-
ernment if the expected fines faced by free riders were high enough. If, instead,
they are sufficiently low, it could be a government representing the free-riding
rich class the one implementing it more often. This decision, however, could lead
to an inefficient implementation. This paradoxical result occurs because free rid-
ers benefit from the public good to the same extent as contributors. If the costs
faced by free riders under a sanctioning institution are exceedingly low, they
will prefer to have an institution that sanctions them and benefit from others’
contributions rather than not having it and not enjoying the public good at all.

1.1 Related literature and contribution

This paper is mainly related to previous literature dealing with pool punishment
and sanctioning institutions.

The concept of pool punishment was presented by Yamagishi (1986) as a
mechanism that captured how investments in monitoring and sanctioning insti-
tutions to uphold the common interest are made. Sigmund et al. (2010) modeled
the comparison between peer and pool punishment in a public goods game with
and without counter-punishment (the punishment of those who cooperate, but
do not punish), and with voluntary and mandatory participation (Sigmund et
al., 2011). Milinski et al. (2012) reproduce this model experimentally, using their
same assumptions. Their main result, also supported by Zhang et al. (2014), is
that when pool punishment is combined with counter-punishment, contributions
increase. Furthermore, pool punishment clearly prevails over peer punishment
in terms of preference and efficiency (Milinski et al., 2012; Andreoni and Gee,
2012).
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Regarding sanctioning institutions literature, Kosfeld et al. (2009) portray
the endogenous institution formation through a public goods game. In their
model, which they also take to the laboratory, players must first decide whether
or not to form a sanctioning institution at a cost. If the institution is formed, at
the end of the game free riders will be automatically punished for their devia-
tion. Both theoretical and experimental results show the endogenous formation
of these institutions, which enhance cooperation and have positive effects on
group cooperation. Okada (1993) studies this mechanism for a more general
prisoners’ dilemma. Other works have focused on exploring institutional incen-
tive provision. Wu et al. (2014) and Dong et al. (2019) do so by comparing
institutions that punish, institutions that reward and institutions that both
punish and reward. Moreover, Sasaki et al. (2012) and Wu et al. (2014) analyze
the evolutionary stability of cooperation under different incentives.

Moreover, previous studies have also proved the superiority of centralized in-
stitutions with respect to decentralized ones in terms of efficiency (Tommasi
and Weinschelbaum, 2014; Fehr and Williams, 2017; Romaniuc et al., 2016).
Acemoglu and Wolitzky (2020) approach the problem by endogeneizing special-
ized enforcement remarking the importance of incentives in fraud chasing. They
compare decentralized community enforcement with specialized enforcement in
a repeated game scenario.

All but this last paper, present automatic institutions, ignoring the possibil-
ity of strategic institutions with asymmetric information. Our work contributes
to these two strands of the economic literature by incorporating these char-
acteristics into our model. We consider a centralized sanctioning institution,
an external enforcer, implementing pool punishment. Such enforcer can exert
different levels of non-verifiable effort in detecting free riders. The government
must provide the correct incentives such that the external enforcer implements
the desirable level of effort.

Furthermore, the previously cited work and, in general, the standard public
goods game literature, have mainly considered homogeneity in the contributors’
wealth. This approach is clearly non-realistic and, more importantly, homoge-
neous endowments can provide misleading results as they hide the different
incentives individuals with different levels of wealth have when it comes to con-
tributing.

Experimental evidence (See Cherry et al., 2005; Burlando and Guala, 2005;
Heap et al., 2016) has already shown that wealth heterogeneity affects the pro-
vision of a public good. In line with our results, Buckley and Croson (2006)
demonstrate that less wealthy individuals contribute with a higher percentage
of their endowment than wealthier ones. Only recently, Hauser et al. (2019)
have proposed a framework for public goods game with wealth and productiv-
ity heterogeneity pinpointing that extreme inequality or misaligned inequality
breaks down cooperation.

These examples constitute empirical evidence of the impact of wealth hetero-
geneity in public good provision. In our work, we provide a theoretical frame-
work explaining this phenomenon by introducing different social classes. More-
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over, this paper is, to the best of our knowledge, the first one showing the
influence of the identity of the social class represented by the government in the
implementation of a centralized sanctioning institution.

The rest of the paper is organized as follows. Section 2 describes the model: a
public goods game with an external enforcer. In the next place, Sections 3 and
4 will provide the solution for the model, presenting the paper’s results. Finally,
the last section will sum up the main results obtained.

2  The model

Consider the following n-player public goods game. There are n > 2 risk neutral
players belonging to z social classes of ¢/ individuals each one. Each player has a
private endowment or level of wealth w! € [w?, w®] (where i = 1, ...,n identifies
the individual and j = 1, ..., z the social class) from which he/she can contribute
g/ < w! to a public good. We denote with superscript j = P the poorest
social class in the population and j = R the richest one. Each social class is
characterized by being composed of individuals with the same endowment, thus,
with slight abuse of notation, we will indistinctly use w! = w’ as the wealth of
individual 7 in social class j. Hence, a wealth distribution is characterized by a
pair of vectors & = (w?,...,w’) and 7= (¢7, ..., ¢®) where qu ¢ =n.

Given the contribution of the n players captured by the vector of contributions
g, the material payoff of player ¢ from social class j is equal to:

o W @) =l — gl + 31 gl

where 1 < A < n is the factor by which the public fund is multiplied, also
known as the marginal social return of the public good. Assumption A < n im-
plies that zero contribution is the dominant action for every player with standard
selfish preferences, i.e. each player’s payoff is maximized by contributing zero to
the public good regardless of the other players’ contributions.* In consequence,
the strategy profile g; = 0 Vi is the unique Nash Equilibrium. Assumption A > 1
implies that all players are better off if everybody contributes with his/her full
wealth to the public good. In fact, the strategy profile g; = w; Vi is welfare
maximizing.

This game gives rise to a cooperation issue where the Nash Equilibrium out-
come is inefficient. Punishment has formerly been introduced as a mechanism
with the purpose of attaining this socially desirable cooperation. However, given
the characteristics of this game (one-shot and with selfish preferences), if at the
end players were given the opportunity to peer punish each other at a cost,
nobody would do so. Hence, another type of sanctioning must be implemented
in order to make punishment an effective mechanism for attaining cooperation

4This happens because the individual marginal return of the public good, A/n, is less than
1, which is the marginal return of private investment.



among selfish individuals.

To this purpose, we introduce the possibility of hiring an external enforcer,
which will be in charge of monitoring and implementing the punishment under
a pre-designed contract. Hereinafter, we will refer to this agent as a sheriff or
as a sanctioning institution indifferently.

If the sheriff is hired, he/she will have the opportunity of exerting two possible
levels of costly effort to detect free riders in the final stage: a low level of
effort (er) or a high level of effort (ey). For the sake of simplicity, exerting
a low effort will have no cost, ¢, = 0, and cyg = ¢ where ¢ > 0. If the sheriff
exerts low effort, free riding will be detected and punished with probability
pr. If, however, the sheriff exerts high effort, free riders will be detected and
punished with probability py, where 0 < py, < py < 1. Even though players
are unable of observing the level of effort, they can observe, in the final stage,
the game’s outcomes. This general approach allows for a situation with moral
hazard in a principal-agent context to exist, where the sheriff (agent) chooses
a non-verifiable action, effort exerted in pursuing free riding, but consequences
are taken over by the players (principals).

The contract will specify the sheriff’s salary (s ) for each possible outcome: ()
nobody has free ridden (sg), (i¢) some agent has free ridden and the sheriff has
punished (s,,) or (i7¢) some agent has free ridden and the sheriff has not punished
(Snp). We assume that these outcomes are perfectly observable and verifiable
and that the sheriff’s salary costs are equally divided among the players, being
the sheriff a public good itself (Zhang et al., 2014).5 Thus, a contract will be
defined by the triplet {s} = {so, Sp, Snp}. The sheriff is risk neutral with utility
function given by u = sy, — ¢, where k € {0, p, np} represents the outcomes. As
it is standard in the principal-agent literature and for simplicity, we assume that
the sheriff’s reservation utility is zero, w = 0, and that the sheriff has limited
liability.6

The precise sequence of actions for the whole game is as follows:

Contract Design Stage- A government designs and offers a contract contingent
on verifiable outcomes for the sheriff. This contract can be accepted or rejected
by him/her. We assume that the government represents a particular social class
and denote w* as the wealth of such class.

Contribution Stage - Each player 7 will individually and simultaneously decide
the level of contribution to the public good g/. Those who do not contribute
with their whole wealth to the public good (0 < g/ < w]) will be considered
free riders. On the other hand, if they contribute with their whole wealth, they
will be considered contributors (¢! = w

j)?

i)

5Unequal sharing of the institution cost, the sheriff’s salary, would be another possibility,
but that would not change the results substantially.

6The sheriff’s final utility cannot be negative.

7 Another option would be to work with a proportional tax rate t. To contribute would be to
pay the tax g7 = twf and to free ride would be to defraud g7 = 0. A government representing a
particular social class would decide both on the implementation of the sanctioning institution
and on the tax rate. Results on the implementation of the sanctioning institution would not
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All citizens observe the size of the public fund, but cannot observe who has

contributed with how much. If Y7 ¢/ = > | w!, every player has behaved
as a contributor and the sheriff’s intervention is not necessary.

Punishment Stage- This last stage is only reached if the sheriff has accepted
the contract and at least one of the players has free ridden. The sheriff chooses
the effort he/she will make in order to produce objective evidence on free-riding
behavior, with cost c.. If free riding is detected it will automatically be punished
with a fixed exogenous fine, f > 0. This fine is a dissipative cost, that is, it is
an amount of the citizens’ income that gets destroyed.® We assume that the
sheriff will never punish someone who has been a contributor. Notice that we
are leaving out the possibility of extortion from the sheriff to contributors by
assuming a minimum institutional quality.

Besides the case where no sheriff is hired in the contract design stage, a
player’s final payoff is determined as follows:

o ) S
(2) T (G A5} pe) =l =gl + 2130 = e
i=1

where -, is the expected cost of hiring the sheriff:

PeE + (1 —pe)2t if 30, 9i <> wi and gf =w
Ve =Pz + (1 —pe)22 +pof if Y0 gi<Yijw and ¢! <w
20 if 39 =D wi

where § is the vector of contributions, {s} is the contract {so, sp, Snp} and pe
are the conditional probabilities of free riding being detected, where e € {L, H}.

EN SN,

This is a one-shot game and another possible approach would be to analyze it
in a repeated scenario. However, given that the social class represented by the
government is exogenously given, a one-shot approach has the virtue of being
simpler than a dynamic consideration, which would not provide any additional
insights.

The model can also be extended in several directions. Some of them have
already been mentioned such as working with a proportional tax rate ¢ or allow-
ing for unequal sharing of the institution’s cost. However, in all the mentioned
potential extensions, results concerning the implementation of the sanctioning
institution, the level of public good provision achieved and the level of Social
Welfare attained under governments representing different social classes do not
change.

Summarizing, there are two essential assumptions made in this model. The

substantially change. For simplicity, in this paper, we focus on this latter issue and we leave
the determination of the tax rate for future research.

8]t is natural to assume that this fine has to be bounded, as punishment can rarely tend
to infinity.
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rest of the assumptions are just useful simplifications and none of them affect
the final results. The first indispensable assumption is that the government
represents the interests of a particular social class. This follows the trend of
thought that citizens are not politically equal in society and that our political
influence depends, among other factors, on our wealth level (Przeworski, 2015;
Kelly et al., 2010; Bassett et al., 1999; among others).

The second indispensable assumption in our model is that the expected cost
from being discovered and punished by the sanctioning institution when there
is no contribution is non-increasing on wealth. For simplicity, we work with
the same constant expected cost of not contributing, p. f, for all social classes.
Another possibility could be to assume that this expected cost is a decreasing
function of wealth. That is, wealthier have lower probabilities of being caught
but pay higher fines, whereas poorer have higher chances of being detected but
pay lower fines if caught. Thus, the probability is an increasing function of
wealth and the fine is a decreasing function of the level of wealth. Assuming
that the expected cost is non-increasing with wealth implies that the negative
probability effect outweighs the positive fine effect.® This assumption has a
strong empirical support. For instance, Alstadsaeter et al. (2019) show that
only wealthier individuals can afford mechanisms to conceal wealth.

8 Public good provision under a sanctioning institution

In this section, we analyze the level of public good provision when the sanction-
ing institution has been formed. Recall that a wealth distribution is character-
ized by a pair of vectors @ = (w’,...,w®) and ¢= (¢7, ..., ¢®) where qu ¢ =n.

To hire the sheriff with a contract such that he/she exerts low effort is not an
appealing case, so let us assume that if the sheriff has been offered a low-effort
inducting contract, all players’ best response will be to free ride. Formally this
will happen if the following assumption holds:

pLf
1-X/n

Assumption 1: w¥ >

Intuitively, the expected fine under a low-effort contract would be so small
that for everybody, even the poorest individual, the net gains from free-riding
would be larger than the net costs. The unique Nash Equilibrium in the con-
tinuation subgame after a low-effort contract will be that everybody free rides.

Let us now analyze with how much will each individual contribute to the
public good under the threat of a sheriff exerting high effort. In order to do so,
let us first introduce the following lemma, useful for the characterization of the
individuals’ best response function. It shows that if any citizen belonging to a
social class j free rides on the public good, he/she will do so with g7 = 0. This

9We would obtain the same results as the ones here presented if we used, for instance, the
following probability function and fine function: p(w) = p* + (1 — w/w™) where p* < w¥ JwF
and f(w) = 7w where 0 < 7 < 1.
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corner solution is derived from the standard assumption in public goods games
literature of the individuals’ utility function being linear.

Lemma 1: Given an initial wealth wjv, free riding with ¢ = 0 weakly domi-
nates any other g7 =€, where 0 < € < w’.

The intuition behind this lemma is as follows. If an individual decides to
free ride he/she will have to pay the same expected salary of the sheriff plus
the expected fine, no matter with how much he/she slopes off. In that case,
it is rationally optimal for him/her to free ride with as much as possible. The
individual decision, therefore, sums up in whether to free ride with ¢/ = 0 or to
fully contribute with ¢/ = w7.

If everybody else has contributed, individual ¢ from social class j will con-
tribute as well as long as the net costs of free riding are greater than the net
gains of doing so:

s ; A
0 +puf > wlj-(l - ﬁ)

(3) PaSp + (1 - pH)Snp -
n

Notice that the net costs of free riding include both the expected fine and the
per capita increase in the salary of the sheriff. Let us denote by @& the critical
value of w! such that this holds with equality. Notice that if individual ¢ is
endowed such that w! < @, he/she will contribute as long as everybody else
contributes as well.

In a situation where at least one other individual different from individual @
from class j has free ridden, individual i’s contribution is no longer critical in
what concerns to the sheriff’s intervention. Now the net cost of free riding are
the expected costs of being penalized (represented by the term pg f).

Thus, in this case, individual ¢ from social class j will contribute as long as:

() pf > wi(1-2)

Similarly, let us denote by & the critical value such that this holds with
equality. If an individual has an initial wealth such that w] < &, he/she will
contribute regardless of others’ contributions. Notice that & < @& always holds.

The following proposition summarizes individual i’s best response function
depending on the position of w’ with respect to the obtained thresholds.

Proposition 1: The best response function BRI(-) of an individual from
social class j is as follows:

o Ifwi <&, then BRI(§) = wi Vg

o If<w <@:
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— BRIG) = when Sy g = S0
— BR/(§) =0 when 331_, g—i < >3-, w—

o If& < wl, then BRI () =0 Vg
where —i refers to all players other than i.

According to the features of the best response behavior of an individual with
wealth w’/ obtained in this proposition, if an individual from social class j is
sufficiently poor (w/ < & < @) he/she will always contribute to the public
good, regardless of what others do. This type of individuals are unconditional
contributors. At the other end of the spectrum, if an individual from social class
j is sufficiently rich (& < & < w’) he/she will always free ride. These individuals
are unconditional free riders. Finally, if an individual had an intermediate wealth
(& < w? < @) his/her best response is to contribute only if everybody else does
so and to free ride if there is at least one free rider. These type of individuals
are conditional contributors.

Now we are ready to compute the Nash Equilibria of the contribution sub-
game when the sheriff exerts high effort and propose a prediction in case of
multiple equilibria. The following proposition presents the equilibria selection.

Proposition 2: Given a wealth distribution G = (W', ...,wT) and 7= (¢*, ..., ¢")
and assuming the sanctioning institution has been implemented and exerts high
effort, the selected equilibrium at the contribution subgame is:

o Ifwh <&, then ¢ = wl Vj
o IfwP <O <wWh, theng! =w ifw<& and ¢ =0 ifw >
o If ) < wP, then g9 =0 Vj

puf
1-\/n

where & =

Notice that according to this proposition, in an society with wealth hetero-
geneity, incentives to free ride grow with wealth.

Although we leave the details of the proof for the appendix, let us provide
some intuition of this result.

Notice that, in many situations, the equilibrium is going to be unique. For
instance, if the distribution of wealth is such that everybody is a free rider (& <
wP) or everybody is a contributor (& < w’?). The interesting cases, however,
arise for wealth distributions such that we have a different mix of individuals
according to their best responding behavior.

There will also be a unique Nash Equilibrium whenever there is a proportion
of free riders in the population, that is, there is at least one social class whose
dominant action is to free ride. Anticipating this behavior, social classes which
are conditional contributors will also free ride.
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Nevertheless, in the cases where there are no unconditional free riders in the
population (wf < @), there will exist multiple equilibria in the contribution
subgame. For example, it could be the case that everybody were conditional
contributors (& < wf < wf < @) or that a proportion were unconditional
contributors while the rest were conditional contributors (w” < & < w® < @).
Therefore, everybody contributing will be a Nash Equilibrium in the subgame.
However, there will be another equilibrium where individuals from classes with
a level of wealth above & do not contribute.

In these cases of multiplicity, an equilibrium selection has been made, choos-
ing the worst possible scenario, that is, the inefficient equilibrium with a lower
level of contribution. This equilibrium selection criterion is justified because it
provides more robust equilibria. In the previous situations, starting in the co-
operative equilibrium of universal contribution, it is enough that one individual
deviates to free riding and that the rest are given the opportunity to apply their
best response, to switch to the non-cooperative equilibrium. However, from the
non-cooperative equilibrium, an individual deviation towards contribution and
then allowing the rest of the group to apply their best responses, would not
lead to the cooperative equilibrium. Thus, the cooperative equilibrium with full
contribution is not robust to “small mistakes" or “mutations" while the non-
cooperative equilibrium is robust.

This selection makes @ the unique critical value for the characterization of
equilibria of the contribution subgame when the sheriff exerts high effort.'®

Recall that the introduction of a sanctioning institution aims to solve the
full free-riding outcome in the provision of a public good in the absence of the
institution. Thus, the performance of this sanctioning institution can be mea-
sured by the level of public good provision. The next corollary is derived from
Proposition 2.

Corollary 1: Given a fixed population size and wealth distribution and a
high-effort sanctioning institution, the level of public good provision will be:

G@) =Y ¢’
wI<w

puf
1-\/n

where: & = and ¢7 is the number of individuals with wealth w?.

The amount of public good provision will be non-decreasing on the social re-
turn of the public good X\, on the probability of free-riding detection under high
effort pg and on the fine f. It will be non-increasing on the population size, n.

10As we have previously discussed in Section 2, if we had considered that the probability
of being detected was decreasing with wealth and the fine was increasing with the level of
wealth, we would still have a critical wealth threshold & with the same properties from which
contributors would stop contributing. This would hold as long as the expected cost fell with
wealth, i.e. the negative probability effect outweighed the positive fine effect.
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Notice that the level of public good provision achieved when the institution is
formed depends exclusively on the relation between the critical value & and the
wealth distribution dividing the population in contributors and free-riders. If
the resulting critical value @ is sufficiently high compared to the level of wealth
of rich individuals, w® < @, then all social classes contribute to the public
good, i.e. there is no free riding in equilibrium. We define this equilibrium as
a full-contribution equilibrium. The high quality of the punishing institutions
captured by high values of py and f and the high returns of the public good
A build a credible and strong threat of punishment. For lower levels of quality
of the sanctioning institution and of the social return of the public good, w <
& < wf, only some social classes contribute while the others free ride. We define
this situation as a partial-contribution equilibrium.

4 When does a centralized sanctioning institution emerge?

After characterizing the provision of public good under a high-effort sanctioning
institution, let us present our main result which concerns the condition that
must be met for a sanctioning institution to emerge in this environment under
different governments and the efficiency of the achieved outcome. Before doing
so, we first need to characterize the contracts offered to the sheriff.

4.1  Contracts

Before players contribute, a contract {s} characterizing the three possible salaries
50, Sp, Snp contingent to the three verifiable outcomes, must be designed for the
external enforcer. There is a government who proposes this contract represent-
ing the interests of a particular social class, whose wealth will be denoted with
w*.

Let us first characterize the minimum-cost contracts offered to the sheriff with
the purpose of encouraging high or low effort. These contracts do not depend
on the type of government. We assume, as it is standard in principal-agent the-
ory and for simplicity, that the government has all the bargaining power.!! The
formal proof is relegated to the appendix.

Lemma 2: The contracts the government offers to implement the different
levels of effort are:

o High-effort contract: {s} = {sp = 0,s, = ﬁ7 Spp = 0}
o Low-effort contract: {s*} = {so = 0, sp=0,8,, =0}

Recall that we have assumed that contribution can only occur if the sheriff
exerts high effort. Therefore, the incentive constraint must be satisfied. Given a

HThis implies that the government makes an offer and the sheriff either accepts or rejects
it, with no opportunity of negotiation.
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contract scheme {s}, the sheriff will exert a high level of effort if his/her utility of
exerting high effort is higher than his/her utility of exerting low effort, that is, if
and only if: pysp+prSnp—¢ > PHSnp+prsp. Equivalently, (pg—pr)(sp—Snp) >
c.

Under automatic punishment, which is equivalent to verifiable effort, it would
be enough to pay in case there is punishment, s, = ¢ to implement high effort
and the sheriff would receive his/her reservation utility, which is equal to zero.
However, with non-verifiable effort, his/her expected utility with an acceptable
high-effort contract, would be pgy o ipL —c= pHp_LpL ¢ > c instead.

Notice that whilst the low-effort contract is an acceptable contract with no
economic rents (that is, no additional utility beyond the reservation utility), in
case the government wants to encourage the exertion of a high level of effort,
he/she will have to pay economic rents (P2 —c) due to the existence of moral
hazard and limited liability. These economic rents collected by the institution
depend on the relative cost of high effort, ¢, and on the likelihood ratio (ﬁ)
which measures how important the existing moral hazard problem in the punish-
ment phase is, i.e. how informative the observable result is of the effort chosen.
If the difference between the probability of detecting free riding behavior under
high and low effort is large, then the result is fairly informative about the effort
exerted and less economic rents would have to be paid. Conversely, for very
similar probabilities, the verifiable results would yield little information about
the institution’s effort and, consequently, more economic rents would have to
be paid.

The government will prefer to offer the high-effort contract when the expected
utility of an individual of the social class it represents is higher under the high-
effort contract than under any other contract.

If the sheriff exerts low effort, everybody free rides, according to Assumption
1. In this case, the utility of the social class represented by the government
would be:

(5) T ({s"H) =w" —prf

Recall that without the sheriff, free riding is the unique Nash Equilibrium,
i.e. ™ = w*. Consequently, offering a low-effort contract is always weakly dom-
inated by not offering a contract at all, given that ppf > 0. Therefore, the
government must, in fact, decide whether to offer an acceptable contract, which
additionally encourages high effort or to not hire a sheriff at all.

4.2 Implementation and efficiency of the sanctioning institution under differ-
ent governments

The ultimate decision the government faces is whether or not to implement the
sanctioning institution. In this context, it will compare the utility of an indi-
vidual of the social class it represents with and without sheriff. The next result
characterizes under which conditions will the sanctioning institution be formed.
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Proposition 3: Assume that w® < & and the social class represented by the
government has wealth w*. The sanctioning institution will be implemented if
and only if:

) f et <
0 Sa@) 2 MR =Y
n n paf fw' >0

where G((:)) — ijgwquj’@ = fi‘l%{, s =0 Zf wi <@ and s = m Zf

& < wk,

The case where w! > @ lacks of any interest because even in the presence of a
sheriff exerting high effort, nobody is going to contribute. Therefore we focus on
the appealing cases where the punishment technology and the social return of
the public good are sufficiently high to make at least one social class be willing
to contribute under the threat of a high-effort sanctioning institution.

According to Proposition 3, the implementation of a high-effort sanctioning
institution depends on the interaction of three factors. Firstly, on a set of insti-
tutional and technological parameters, which include the social return generated
by the public good, A, the expected capacity of punishment, py f, and the sever-
ity of the moral hazard problem, captured by the economic rents cpHp _LpL , to be
paid to the enforcer. Secondly, on the wealth distribution in the group, defined
by the levels of wealth of each social class, & = (wF,...,w’), and the number
of citizens belonging to each group, ¢ = (¢%,...,¢®). And finally, on the cost
in terms of wealth faced by an individual of the social class represented by
the government when the sanctioning institution is implemented. Specifically,
a contributor renounces to his wealth, w?, while a free rider pays the fine with
probability pg.

Below, we define the relation “implement the institution in a greater range
of cases", useful in the characterization of our results.

Definition 1: We say that a government representing social class j,in short,
a government j, implements the institution in a greater range of cases than a
government k , if, given a set of parameters and a wealth distribution, the gov-
ernment j implements the institution in every situation that the government k
does and additionally, the government j implements the institution in situations
that the government k does not.

A natural question is which government will implement the punishing insti-
tution in a greater range of cases and whether doing so is efficient or not. We
are going to answer these questions by separately studying the full-contribution
and partial-contribution equilibria.
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4.2.1 Full-contribution equilibria

We will start by analyzing the particular case where all social classes contribute
under the threat of a sanctioning institution. This will occur under remarkably
high levels of quality of the sanctioning institution and of the social return of
the public good, resulting in w® < & and a full-contribution equilibrium. The
next corollary is derived from Proposition 3.

Corollary 2: In a full-contribution equilibrium (W < &), where all social
classes contribute, governments’ incentives to implement the sanctioning insti-
tution are decreasing with the level of wealth of the class they represent.

This result is driven by the fact that the critical threshold & defining the
level of public good provision and the expected wage of the sheriff are fully
determined by the wealth distribution and the set of institutional and tech-
nological parameters. Therefore, the government under which the sanctioning
institution emerges in a greater range of cases is the one representing the social
class with the lowest cost for implementing the institution. If we consider, for
instance, three social classes: a government representing a poor-class individual
will implement the institution in a greater range of cases than a government
representing a middle-class individual, which in turn, will do so in a greater
range of cases than a government representing a rich-class individual.

We now address what is the level of Social Welfare (SW hereinafter) achieved
by the implementation of a sanctioning institution and, especially, how does such
level compare with the level of SW obtained without the institution. We already
know that without the described sanctioning mechanism, everybody would free
ride, yielding a SW equivalent to the sum of the endowments: > ; ¢’w’, denoted
by W from now onward.

As already mentioned in Section 2, full contribution is the efficient outcome
with SW = AW which is greater than the outcome of full free riding W, given
that A > 1. In a full-contribution equilibrium where all social classes contribute,
then SW = AW — sg. Recall that for our model sg = u = 0, because we have
assumed that the sheriff’s reservation utility is 0. For this case or even for
other cases with w > 0 sufficiently close to 0, SW will be very close to the one
obtained in the efficient outcome, i.e. SW = AW. Thus, the implementation of
a sanctioning institution that enhances the exertion of high effort will always
achieve the fully-efficient outcome.

Recall that for the case of full contribution, a government representing a social
class with wealth w* will implement the institution if and only if %W > w*,
or equivalently AW > nw*. We define as (w) = & the average wealth in the
population. Thus, the condition for a government to implement the institution
can also be expressed as A(w) > w*.

The following proposition summarizes the results on SW maximization with
full contribution.
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Proposition 4: In a full-contribution equilibrium, w® < &, a government
will always make the socially efficient decision of implementing the sanctioning
institution only if w* < (w). Otherwise, if w* > (w), it will not be implementing
it in situations where it is socially efficient to do so.

The proof of this result is straightforward. Recall that the condition for a
government representing a social class with wealth w* to implement the sanc-
tioning institution can be written in terms of the average population wealth,
ie. Mw) > w*. If (w) > w* holds, then A(w) > w* is also going to hold, given
that A > 1. If, however, (w) < w*, it is unclear whether the implementation
condition is going to hold, and it will essentially depend on the value of .

Corollary 3: In a full-contribution equilibrium, if w* > (w), the government
will efficiently implement the sanctioning institution only if the social return of
the public good is sufficiently high, namely, A > <°:J—> > 1.

Intuitively, even though it is efficient to implement the institution if, with
it, full contribution can be achieved, a government representing a social class
with a level of wealth higher than the average wealth of the society may not be
interested in doing so if wealth inequality is too pronounced (i.e. average wealth
is very low) and/or the social return of the public good is too low. Each citizen
receives an nt" part of the return of the public good composed of contributions
of all the social classes. If we recall the example of three social classes, poor,
middle and rich, for certain the poor class will be better off given that they are
contributing with the lowest amount. Analogously, the rich will surely be worse
but it is unclear whether it will pay off for the middle class.'? Ultimately, this
will depend on the average wealth of the society and on the social return of the
public good A.

Let us now propose a simple numerical example with three social classes to
illustrate the different scenarios that may arise. Suppose a population of 100
citizens where the number of individuals belonging to each social class and their
level of wealth is summarized in the following table.

Level of wealth  Social class size

wl =200 g =60
wM =400 ™ =35
wf =1000 g®=5

n =100

Given these values, total wealth in the population is equal to W = 31000

I2Notice that the average of a variable is always found between the minimum and the
maximum value such variable can take: z < Z zi/n < 7.
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and the average wealth is (w) = 310. Let us also suppose that pyf = 1000
and A = 3 such that the critical contributing wealth threshold is @ = 1030.93.
Consequently, all social classes contribute to the public good as w* < & and the
total public good provision is equal to G = W = 31000. Recall that the condition
for a government representing the interests of social class j to implement the
sanctioning institution is found in Equation (?7).

Thus, substituting the values for each social class we would have the following
conditions for each type of government. A poor-class government will always
implement the sanctioning institution, because 1())‘—031000 > 200 holds for any
A > 1. A middle-class government will implement the sanctioning institution
only if ﬁSlOOO > 400, that is, if A > 1.29. Finally, a rich-class government will
do so only if 3531000 > 1000, that is, if A > 3.23.

Therefore, whether the government implements the sanctioning institution
or not, becomes more difficult as wealth increases, as expressed in Corollary
2. In this case, given that A = 3, a poor and a middle-class government will
make the efficient decision of implementing the institution. However, the rich-

class will not do so because A is not sufficiently high, as expressed in Corollary 3.

4.2.2 Partial-contribution equilibria

For lower levels of quality of the sanctioning institution and of the social return
of the public good, we obtain a partial contribution equilibrium under the in-
stitution, where only some social classes contribute while the others free ride.
Notice that full contribution was only a particular case of what a sanctioning
institution can achieve, whereas attaining the contribution of some social classes
might be a more realistic prospect in many societies. Notice that py f < &. The
next corollary is again derived from Proposition 3.

Corollary 4: In a partial-contribution equilibrium, w® < & < w’, for any
government j such that w’ < & (a government that represents a contributing
class) and any k such that w* > & (a government that represents a free-riding
class), if w < puf, then government j will implement the sanctioning institu-
tion in a greater range of cases than government k. However, if w? > pg f, then
the opposite holds.

Following the same intuition as with Corollary 2, these results are driven by
the fact that the government under which the sanctioning institution emerges in
a greater range of cases is the one representing the social class with the lowest
cost for implementing the institution. Notice that if expected fines are suffi-
ciently low, pg f < w®, free riders will have a lower cost than any contributor.
Therefore, governments representing free riders will implement the sanctioning
institution in a greater range of cases than any other. If, alternatively, expected
fines were sufficiently large, wlf < pa [, then a government representing the
poorer social class will implement the institution in a greater range of cases
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than any other government. However, even in this case, a government repre-
senting a free rider can dominate a government representing a contributor with
a sufficiently large wealth w’ if w? < pgf < w? < &.

The result concerning low expected fines, where a government representing a
free-riding class, for instance, a rich social class will implement the sanctioning
institution in a greater range of cases, may seem counter intuitive. However,
recall that everybody equally benefits from the public good independently of
their contribution decision. A free rider receives an n** of the public fund in
the same way a contributor does. However, in the context here presented, the
public good can only have a positive provision if the sanctioning institution is
implemented. If the expected cost a free rider faces in the implementation of this
enforcing mechanism is sufficiently low, the public good benefits will overcome
the costs and, paradoxically, a government representing this free riding social
class will implement the sanctioning institution in a greater range of cases than
a government representing a contributing social class.

We now address what is the level of Social Welfare (SW) achieved with the im-
plementation of a sanctioning institution by different governments in a partial-
contribution equilibrium. In this case, the level of SW would be:

(7) SW =AW —[(A=1) > ¢w’ +mpuf)+ _pr_ g
wWi>® b —pL
where & = ffﬁ and m =Y ; . ¢ isthe number of free riders in the popu-

n

lation.

Therefore, at a first glance, we can see that there is a welfare loss captured by
the second term of Equation (?7) which entails, on the one hand, the net loss
of not contributing by all the free-riding social classes plus the expected fines
for all the free riders and, on the other hand, the institutional costs (sheriff’s
salary). This SW loss is increasing with the number of free riders in the pop-
ulation. Notice that these losses could be so high such that not implementing
the institution became the SW maximizing decision. Comparing SW with and
without the institution we can derive the following condition for the institution
implementation to be SW maximizing:

Aco pe . G@)+mpuf)
(8) R0z T et -

where G(@) =3 ;<o PP

Alternatively, a government representing a social class with wealth w* will
implement the sanctioning institution if and only if Equation (??) holds.
Notice these two conditions are equivalent on the left hand side and differ on
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the right hand side. While governments consider the cost of the individual they
are representing, w* if it is a contributor or py f if it is a free rider, from the
point of view of a Social Planner, it is the average of everybody’s cost what is
being taken into account which we denote as AC(®) = w. In other
words, the social criterion is different from the one followed by the government.
Only if, coincidentally, these costs were equal, the decision of this government
would always be efficient.

From the comparison of these two conditions, we can assert the following
results, where we refer to over implementation when the institution is imple-
mented when it is efficient but also in cases where it is inefficient to do so and,
under implementation when it is not implemented in cases where it would be
efficient.

Proposition 5: In a partial-contribution equilibrium, w® < & < W&, if the
government represents a social class with an individual cost for implementing
the institution smaller than the average population cost, AC(®), then it will
over implement the sanctioning institution, while if the individual cost is higher
than AC(&), then it will under implement the institution. Only the government
of the social class with a wealth equal to AC(®) will always make the social
welfare maximizing decision.

Therefore, partial-contribution equilibria almost always lead to inefficient over
and under implementation of the sanctioning institution. As with Proposition
4, the driving force of this result is that a government representing a social
class with the lowest cost will implement the institution in situations where it
is inefficient to do so while a government representing a social class with the
highest cost will decide not to implement the institution in situations where it
is efficient to do so.

Let us now draw some conclusions on how the expected fine affects the in-
centives to over or under implement the institution under different types of
governments. On the one hand, notice that AC(®) < & always holds. On the
other hand, the average population cost of the institution AC(®) is actually a
weighted average of the expected fines and the average level of wealth of the
contributors. That is, AC(&) = %(%)WL%@H]”)

When pg f is higher than the average level of wealth of contributors, pg f >
%, then % < AC(®) < py f always holds and the government representing
a free-riding class will always be under implementing the sanctioning institution.
If, instead, py f is found below the average level of wealth of contributors,
paf < %, then it will always be over implementing it, because AC(&) > pg f.

The following proposition derives from Proposition 5 and the previous anal-
ysis.

Proposition 6: In a partial-contribution equilibrium, w® < & < w®, a gov-
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ernment representing a free-riding social class (w* > @), will over implement
the institution if pg f < &)

n—m’

implement the institution if py f >

i.e. for low expected fines; whereas it will under
Q)

n—m’

i.e. for high expected fines.

Conclusions in this line cannot be drawn for governments representing con-
tributors. Over or under implementation exclusively depend on the relation
between their level of wealth and the average population cost of the institution.

Taking up the numerical example proposed before, suppose now that the
expected fine is relatively high, pyf = 800, such that & = 824.74 and, con-
sequently, the poor and middle classes have incentives to contribute while the
rich class free rides on the public good (w¥ < wM < & < wf). The pub-
lic good provision would now be G = 26000. Substituting the values for each
social class into the condition expressed in Equation (??) we obtain the fol-
lowing specific condition for implementation. A poor-class government will im-
plement if 580 > ﬁ and a middle-class government will implement if

380 > ﬁ. However, a free-riding rich class government will do so if

(—20) > ﬁ7 which is obviously impossible. Therefore, a free-riding rich-
class government will never implement the institution because the expected
salary of the sheriff will always be positive.

If we explore SW in this case, we can compute the condition for a Social Plan-
ner to implement the sanctioning institution, which would be: 480 > ﬁ.
By comparing the condition for the Social Planner with the previous conditions,
we can see that a poor-class government will be implementing the institution
in cases where it would not be efficient to do so (over implementation), given
that w” < AC(), as expressed in Proposition 5. However, the condition for the
Social Planner is less strict than the conditions for the contributing middle class
and the free-riding rich class. This implies that these governments could be not
implementing a sanctioning institution in cases where a Social Planner would
do (under implementation). For the case of free riders, this happens because,
in this case, the expected fine that these pay with the institution is sufficiently
high, AC(d) < puf.

If, alternatively, we decrease the expected fine to pgy f = 195, then & = 201.03
and only the poor class contributes. The middle class now also finds it profitable
to free ride. Total contributions to the public good would fall to G = 12000
and the total average cost of the institution would be AC(®) = 198. Now a
government representing the poor class would under implement the sanctioning
institution, while governments representing the interests of a free-riding class,
would be over implementing the institution, given that this variation makes
puf < AC(&) < wP. The maybe counter intuitive result of having a free-riding
class over implementing a sanctioning institution is that it brings high profits
(public good) at a low cost (low expected fine of being caught free riding).
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5 Conclusions

This paper’s aim has been to understand how do sanctioning institutions work
in societies conformed by citizens who are diverse in terms of wealth, i.e. they
can be classified into social classes according to their level of wealth. We propose
the provision of a public good in a society of selfish individuals. The govern-
ment, who represents the interests of a particular social class, can implement a
sanctioning institution subject to moral hazard. Specifically, we analyze when
will this kind of sanctioning institution be implemented, its performance and
its efficiency.

Without any enforcing mechanism or with an institution with inappropriate
incentives, selfish individuals will fully free ride leading to a non-provision of
the the public good. If this is not the case and a correctly incentivized sanction-
ing institution is implemented, a positive provision of the public good can be
achieved. The individual incentives to contribute to such good are decreasing
with wealth. In other words, the rich have more incentives to free ride than the
poor.

Regarding the implementation of a sanctioning institution, we show that the
government representing the social class with the lowest cost will implement it
in a wider range of cases. The specific answer to which government will it be
depends on the degree of contribution that the sanctioning institution can po-
tentially achieve, which depends on the monitoring and punishment technology
and on the valuation of the public good. If the sanctioning institution can attain
full contribution, then it will be the poor class. The decision of implementing
the institution in this case will be efficient. If, however, the institution can only
achieve contribution by some social classes, the government representing the
poor class’s interests will only be the one implementing the institution more
frequently if the expected fines of free riding are sufficiently high. Alternatively,
in societies with low-quality sanctioning institutions, a government represent-
ing a free-riding social class will implement the institution more often. We also
show how in most cases the decision is inefficient, leading to over or under imple-
mentation of the sanctioning institution, both from governments representing
contributing and free-riding social classes.

Our theory highlights the importance of wealth heterogeneity and of the in-
centives of the social class represented by the government in the collective action
problem. We show how his/her incentives to free ride or to contribute not only
affect his/her contributing behaviour, but also crucially affect the emergence of
a sanctioning institution and the provision of the public good. Such incentives
would be disguised in the usual homogeneous wealth society model.

Appendix

Proof of Proposition 2:
Let us analyze the different cases:
Case 1. w® < & < @: According to Proposition 1, contributing is a dominant
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action for every player, so the unique Nash Equilibrium is ¢/ = w] Vi, j.

Case 2. w¥ < & < wf < &: The wealth distribution in the society is such
that for some classes w’/ < & while for others @ < w? < @. This gives rise to
two Nash Equilibria in the contribution subgame. On the one hand everybody
could contribute with g/ = w!. However, if somebody free rides, individuals
with wealth @ < w’/ < & will fully free ride. Thus, the two Nash Equilibria are
as follows: either g] = w/ Vi, j or g/ = w] for those with w/ < & and g/ = 0 for
individuals with @ < w’.

Case 3. wf <& < & < w’: Recalling Proposition 1, there would be a set of
players, those with w/ < &, who will contribute with g/ = w/. Given that indi-
viduals in the segment & < w’/ < & are conditional contributors, and there is a
proportion of players (@ < w’) who would free ride no matter what, these con-
ditional contributors would also free ride. Thus, there would be a unique Nash
Equilibrium where ¢g] = w] for those with w] < & and ¢ = 0 for individuals
with & < w.

Case 4. & < wP < w® < @: Following best responses in Proposition 1, this
setup gives rise to two Nash Equilibria in the contribution subgame: either
gl =w! Vi, jor g/ =0Vi,j.

Case 5. & < wl <w< w®: This wealth distribution leads to a unique Nash
Equilibrium where g] = 0 Vi, j. This result is obtained by successive elimination
of dominated actions. Given that individuals with w?/ < @ will free ride if at
least one other player free rides and individuals with @ < w’ will always free
ride, everybody would do so.

Case 6. & < @ < wf < w’: For every single individual, w’ is too high for
them to have incentives to contribute. The unique Nash Equilibrium is to free
ride with g/ = 0 Vi, j. Q.E.D.

Proof of Lemma 2:

The characterization of sy (the salary paid in case the sheriff’s intervention is
finally not necessary because everybody contributes) is straightforward. Recall
w=0,s0 sy =0.

Let us characterize the contract where the government, maximizing the utility
of the social class with wealth w*, enhances the exertion of eg. In this case, the
maximization problem would be:

A n
maximize w* —g"+ = | —
i g+ [; 9il —vm
subject to ppsy + (1 — pu)snp —¢c >0

(prr —pL)(8p — Snp) > ¢
Sps Snp >0

where:
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P2+ (1 —py)e it Y ,g<>r,w and gF=w"
Y= P2+ (1—pg)2 +pgf if Y19 <>iqw and g* <w*
o if E?:l 9i = Z?:l Wi

The government maximizes the utility of the social class it represents subject
to the sheriff’s participation and incentive constraint. Furthermore, the sheriff
has limited liability, so salaries must all be non-negative. Although this problem
can be solved building a Lagrangian and computing its first derivatives, given its
simplicity, the solution can be rigorously obtained with a proof by contradiction.

Recall that the government has all the bargaining power when negotiating
with the sheriff. The contract that maximizes the utility of the government
(objective function), that is, the solution to the problem, must be such that
both the limited liability constraint for s,, and the incentive constraint are
binding. Otherwise, the government could always decrease s, and sy, to in-
crease its utility, while the participation constraint of the sheriff still holds.
Therefore, from these two constraints satisfied with equality, we derive the
contract enhancing high effort that maximizes the utility of the government:
{so =0,s, = 55—, spp = 0}. Under this contract, as explained in the main
text, the sheriff obtains positive economic rents: —2L— —c.

In case the government wants to enhance low effort it would be enough for
it to offer an acceptable contract yielding no economic rents: {so = 0,s, =
0, spp = 0}. Q.E.D.
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