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ABSTRACT

Games of Charitable Giving

Emina Imsirovic Cardamone

DOCTOR OF PHILOSOPHY

Temple University, 2010

Professor Dimitrios Diamantaras, Chair

This dissertation develops models of charitable giving in the presence of

uncertainty. The model of chapter 2 studies a two-stage signaling game of char-

itable donations with two players: a charity manager and a wealthy donor. A

representative charity manager, who is perfectly informed, collects a donation

from a representative donor, who has imperfect information about the man-

ager’s types. The manager uses the donation to produce a public good, and

in the process decides whether to create waste in order to obtain a personal

gain. I solve for separating and pooling sequential equilibria of the game, and

employ the Intuitive Criterion of Cho & Kreps (1987) as a refinement to deal

with the problem of multiple equilibria. I find that there exists no fully sepa-

rating equilibrium in which the donor can discern all possible manager types.

In addition, the results suggest that the amount of the initial donation may

help the donor to induce the manager to reveal his true type. In chapter 3, I

analyze the effect of competitive pressures in the philanthropic sector. I find

evidence in support of market systems acting as a disciplining device, which

induces the manager to play strategies that increase social welfare. Chapter 4

uses an alternative to expected utility theory, known as Choquet expected util-

ity, to model the interaction between a wealthy donor and a charity manager

in the presence of uncertainty.
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CHAPTER 1

Introduction

1.1 Motivation

The amount of individual donations for eleemosynary causes has been

steadily increased in the past few decades in the United States. Americans

donated more than $307 billion to charitable causes in 2008, which was more

than 65 percent greater than a decade earlier.1 Given that charitable contribu-

tions constitute about 2.2 percent of the total United States Gross Domestic

Product, it is no surprise that many economists have been interested in the

issues that relate to philanthropy. This dissertation contributes to the existing

literature regarding the economics of philanthropy. More specifically, the three

chapters develop a theoretical framework that will help us better understand

how donors and charity managers interact in the philanthropic sector.

Although economists have done extensive research in the area of philan-

thropy, the vast majority of the literature looks only at one side of the sector;

either the demand side of the sector, which is represented by the charitable

organizations, or the supply side of the sector, which is represented by the

wealthy individuals capable of making donations. On the supply side, both

empirical and theoretical studies examine the types of behavior that will allow

a charitable organization to collect more donations. On the demand side, most

theoretical and empirical studies preoccupy themselves with explaining what

motivates people to give away their wealth.

Very few studies examine the two sides of the sector together, and analyze

the interaction between the donors and the charitable organizations. This dis-

1The Giving Institute, Giving USA 2009.
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sertation fills this gap. Specifically, using the tools of game theory, in chapter

2, I build a two-sided model of charitable giving in which both the wealthy

donor and the charitable organization are modeled as strategic players. Such a

two-sided model of charitable giving allows me to not only examine the process

that guides the donor to make a contribution to the specific charity, but also

to analyze some moral hazard issues that arise in such environments.

Evaluating a charity’s success and efficiency has been a difficult task, and

therefore, it has been complicated for wealthy individuals to assess and recog-

nize which charities would use their donations most efficiently.2 Consequently,

it has been fairly simple for charity managers to mismanage the donations they

collect. The past few years have brought a string of reports of flagrant charity

and foundation abuses from officials who waste money on dubious fundraising

ploys or lavish executive perks.3 In addition, we do not have a system in place,

similar to what we have for governmental units and corporations, that would

make charities sufficiently accountable and transparent. The existing literature

does not address these questions as much as they deserve.

To analyze these questions, in chapter 2, I set up a two-stage sequential

game with a representative donor and a representative charity manager. In

the first period, the manager decides how much public good to produce, and,

based on the amount of the public good produced, the donor decides how much

to contribute to the charity. Since the game is one of incomplete information

regarding the manager’s type, the manager will have to signal to the donor

what type of the charity he represents, and therefore, induce the donor to give

as large of a donation as possible.

I find that this game has multiple sequential equilibria. Which equilibrium

is induced will depend on the total amount of the initial contribution relative to

the donor’s total budget available for charitable purposes. Due to informational

2Charity Navigator measures a charity’s fundraising efficiency, which is defined as the
amount spent to raise $1 in charitable contributions, as a ratio of fundraising expenses
to total contributions received. For example, fundraising efficiency ranges from $0.03 for
Habitat for Humanity Lee County, Florida to $0.26 for Habitat for Humanity Metro Denver.

3The Wall Street Journal, Marketplace Section, December 10, 2007.
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asymmetries, the manager is able to obtain at least one half of the donor’s

total wealth. Depending on the type of the manager that the donor faces, in

a separating equilibrium, subsequently labeled equilibrium S, it is possible

that no public good will be produced. In a pooling equilibrium, subsequently

labeled equilibrium P , the donor is able to discern between different manager

types, and the public good will be produced at least in one of the two periods

of the game.

In chapter 3, I modify the moral hazard model presented in chapter 2,

introduce a competing charity, and allow the donor to tie his donations to

specific projects. Evidently, there are several reasons why many big private

donors express their desire for more prudent use of their money.4 One way

the donors could achieve their goals is to tie donations more tightly to spe-

cific projects. This would create competition among charities, which might

ultimately enhance efficiency. In chapter 3, I find that competitive pressures

together with uncertainty increase overall social welfare.

Lastly, in chapter 4 I employ an alternative to expected utility theory,

known as Choquet expected utility, to model the interaction between a wealthy

donor and a charity manager in the presence of uncertainty. Namely, I assume

that the donor might not have enough information to form subjective prob-

abilities regarding the manager’s action. For example, the donor, in many

instances, has to rely on self-reported information about the charity to which

he is contributing. Similarly, the manager may not be able to form subjective

probabilities regarding the donor’s action. This might be a situation in which

a manager is receiving an unsolicited contribution from a (first time) donor.

Therefore, I use Choquet expected utility to model decision making process of

the donor and the manager in the presence of ambiguity.

The next section provides a brief review of the existing literature that

motivates the present research.

4The Economist, May 7, 2009.
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1.2 Literature Review

The primary objective of many economists has been to explain the seem-

ingly altruistic behavior of self-interested individuals in the philanthropic sec-

tor. Researchers agree that individuals give away their wealth for various rea-

sons. Perhaps individuals act unselfishly for selfish reasons. Therefore, numer-

ous social scientists have constructed models which model charity as a pri-

vately provided public good. In other words, if the total amount of the public

good provided enters the giver’s utility function directly, then people have an

incentive to make voluntary contributions for charitable purposes.

Other economists have argued that donors could be purely egoistic, and

as such, are motivated to give because of the ‘warm-glow’ feeling they receive

from giving.5 In other words, rather than allowing the amount of the pub-

lic good provided to enter directly into the giver’s utility function, Andreoni

(1989) assumes that the giver’s utility directly depends on the giver’s own

donation. This idea has also been tested and supported empirically. Glazer &

Konrad (1996) theoretically show that, to a large degree, people donate money

because of their desire to demonstrate wealth. In chapters 2 and 4, I incorpo-

rate these theories and assume that the donor possesses a warm-glow of giving.

Furthermore, I assume that the donor can have different degrees of warm-glow,

and that the generosity of his donation will depend on the magnitude of the

warm-glow component that is specified in the donor’s utility.

Duncan (2004) develops a new model of altruism called ‘impact philan-

thropy’. He argues that impact philanthropists make monetary contributions

because of their desire to ‘make a difference’. In other words, anything that

one philanthropist does to increase the supply of the good reduces the impact

of other philanthropists’ contributions, and therefore, increases the philan-

thropist’s own utility but reduces the utility of other philanthropists. The

theory of impact philanthropy can be tested in my models. In future work I

5See Andreoni (1989) for the original ‘warm-glow’ theory of giving.
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will examine how impact philanthropy affects the decision making behavior of

charity managers.

Bénabou & Tirole (2006) investigate a broader set of motives that shape

people’s social conduct. They argue that providing rewards and punishments

to foster prosocial behavior sometimes may have perverse effects. Ariely et al.

(2009) experimentally test a mechanism by which extrinsic incentives, or ma-

terial reward such as thank-you gifts and tax breaks, can have detrimental

effects on prosocial behavior. Their results strongly support Bénabou & Tirole

(2006) hypothesis that image motivation is important for prosocial behavior,

and that private monetary incentives partially crowd out image motivation.

In other words, monetary incentives are more effective in facilitating private,

rather than public, prosocial activity.

The existing literature regarding charitable giving typically assumes perfect

information. However, several papers look at fundraising when information is

imperfect. Vesterlund (2003) studies the role of the fundraiser in the contri-

bution game and concludes that fundraisers may choose to announce previous

contributions because this helps them signal the quality of the public good

that they provide. Therefore, as in the model of chapter 2, Vesterlund (2003)

assumes that the contributors have imperfect information about the quality

of the charity. She concludes that different announcement strategies will allow

charities to maximize contributions. Contrary to my assumption, Vesterlund

(2003) also assumes that the fundraisers’ single objective is to maximize the

sum of the contributions. In my models, the charity manager, in addition to

the contributions that he is receiving from the donor, also values the specific

public good project that he is implementing, which is directly reflected in the

charity manager’s utility functions.

Andreoni (2006), similarly to Vesterlund (2003), argues that it is reasonable

to assume that the quality of a potential charitable project is unknown. An-

dreoni (2006) builds a model of ‘leadership giving’ in which wealthiest donors

provide a signal to all other givers that the charity is of high quality. My

model is different from these models since it allows for the possibility of cor-
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rupt fundraisers. This is a reasonable assumption since informational asymme-

tries mean that charitable activities are subject to moral hazard and adverse

selection problems.

A few papers have looked at the problems that the difficulty of monitor-

ing charitable work poses to donors who fear misuse of their funds. Duncan

(2004) argues that, because the donors and organizations disagree on how to

meet their proposed goals, there is a conflict between charitable organizations

and impact philanthropists. In addition, both Duncan (1999) and Leeds et al.

(2007) show that charitable contributions of time and money are perfectly

substitutable in equilibrium. One explanation for this might be that donors

volunteer labor in order to reduce informational asymmetries. In my models I

assume that there is indeed a conflict between charity managers and donors.

In chapters 2 and 3, the source of this conflict are informational asymmetries

between a donor and a charity manager, and in chapter 4 it is the degree of

the manager’s selfishness. In other words, if the manager is sufficiently selfish,

he might divert a portion of the donor’s contribution for his personal gain.

Rose-Ackerman (1996) explains that nonprofit managers have little incen-

tive to manage their organizations efficiently because no one has a claim to the

residual earnings. Managerial shirking may be a problem in nonprofit sector

because no market in ownership shares exists to discipline corrupt managers.

Lastly, organizations may continue to exist when they are performing no valu-

able functions. My work directly incorporates these ideas by building different

models around the premise that charity managers might not be behaving ef-

ficiently. Furthermore, I examine equilibrium behavior of donors and charity

managers, and in chapter 3, I show that competitive pressures and market

systems could act as a device to discipline managers.

The idea that managers of nonprofit institutions derive personal satisfac-

tion from allocating resources of their firm to other than productivity increas-

ing expenses is not novel. Migue et al. (1974) argue that the budget of nonprofit

managers is too large but output is not necessarily so from the standpoint of

Pareto efficiency, which results from the managers’ enjoying rents in the form
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of utility generating non-productive expenses. In their model, the manager’s

objective is budget or output maximization, which is similar to the good man-

ager type’s objective in my model.

Calmette & Kilkenny (2001) analyze the problems of moral hazard and

adverse selection in terms of international charity. They explain why interna-

tional charity encourages recipient governments to shirk, and they obtain a

similar finding to the one I observe in chapter 2. Namely, they find that the

payment of informational rents cannot be avoided. Furthermore, they show

that less needy countries can earn informational rents at the expense of the

more needy ones, even when the donor country uses incentive contracts. In

chapter 2, I also find that the donor has to pay informational rents to the

manager, due to the presence of informational asymmetries, in order to induce

the manager to reveal his true type.

I adapt the analytical framework of Besley & Smart (2007) in chapter 2

to examine some of the problems that informational asymmetries pose. Besley

& Smart (2007) build a political agency model with both moral hazard and

adverse selection to examine the optimality of inefficient taxation, limits on

the size of government, increasing transparency and yardstick competition.

However, I am not interested in the political process described by Besley &

Smart (2007), where benevolent politicians are elected to the office when they

act in the interest of the voter. I am interested in the process that guides the

donor to select a charity and make a monetary contribution.

In chapter 3, I build a sequential game to examine the effect of competi-

tive pressures in the philanthropic sector. The following section motivates this

chapter.

1.2.1 Competitive Pressures in the Philanthropic Sec-

tor

In chapter 3, I modify the model presented in chapter 2 and set up a game

in order to analyze the effects of competition in the philanthropic sector in the
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presence of uncertainty. More specifically, when a manager can be more than

one type, I examine whether competition helps the donor elicit information

about the manager’s type more efficiently, or at a lower cost.

Gintis (2009), p. 83, argues that the real benefit of competition is the

fact that it serves as a device to extract information optimally. Contrary to

the belief of supporters of the market system who have defended markets

on the grounds that they allocate goods and services efficiently, according to

Hines (1999), empirical estimates of the losses from monopoly, tariffs, and

the like indicate that misallocation has little effect on per capita income or

the rate of economic growth. Hines (1999) further argues that the work on

rent-seeking behavior identifies situations in which economic agents expend

resources to obtain such rents, and explores how competitive pressures can

produce situations in which the rents are largely or entirely dissipated.

Although in my model neither party possesses private information, but

there is uncertainty about the costs that a charity manager will incur in the

process of public good production, I do not classify the manager’s behavior

as ‘rent-seeking’. Merely, due to the facts that the manager is risk-averse and

that there is uncertainty about his production costs, the manager’s optimal

behavior in the absence of competition allows the manager to extract rents,

and this in turn reduces social welfare. The impact of competition in my model

is two-fold. First, competition helps turn the information about the manager’s

production costs into public information. Second, competition helps improve

social welfare.

The setup of my benchmark model is motivated by Gintis (2009). Gintis

(2009) takes a principal-agent approach and compares the optimality of the

contract, which the principal offers to the agent, in the presence of competi-

tion, with the contract that the principal offers to the agent in the absence of

competition. He finds that markets serve as a disciplining device in the sense

that they reduce the cost involved in providing the incentives for agents to

act in the interests of their employers, or clients, even where enforceable con-

tracts cannot be written. I, on the other hand, take a simpler approach. I set
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up a game between a donor and a single charity manager, and solve for the

equilibrium of the game. Then I allow the donor to have a choice to make con-

tributions to two charities, instead of only one, and compare the new game’s

equilibrium with the results of the original game.

In addition to this chapter being a natural extension of the model that was

presented in chapter 2 of this dissertation, it will also fill an existing gap in the

literature. Although in this chapter I find evidence in support of competition

in the philanthropic sector, Rose-Ackerman (1982) finds evidence against it.

She shows that competition for donations can push fundraising shares, which

is the total share of charity’s resources spent on fundraising activities, to high

levels even when donors dislike charities that spend a large portion of receipts

on fundraising.

The next section motivates the model presented in chapter 4.

1.2.2 An Alternative to Expected Utility Theory

In chapter 4 I use an alternative to expected utility theory (EUT). In this

section, I present the literature that motivates this choice.

EUT has been widely used to analyze decision making under uncertainty.

According to the EUT, decision makers face uncertainty about the outcomes

of their choices, but also face some known probability distribution over the

possible outcomes given their action choices. The EU approach to modeling

uncertainty is appealing because it allows researchers to use powerful statistical

methods to develop new theoretical frameworks. Nonetheless, EUT has been

criticized for assuming that the probabilities of the relevant events are always

known. In addition, there is experimental evidence6 that contradicts some of

the predictions made by EUT.

Eichberger & Kelsey (2000) use an alternative to EUT known as the Cho-

quet expected utility (CEU) to formulate the concept of ambiguity equilibrium.

The concept of ambiguity proves to be useful in noncooperative games of com-

6For example, see Ellsberg (1961).
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plete information where players’ decisions are affected by ambiguous beliefs.

Loosely speaking, players possess ambiguous beliefs when they are affected by

outcomes of unknown probabilities or probabilities that are difficult to obtain

or ascertain.

The concept of ambiguity has been applied to a game of voluntary dona-

tions to a public good. Eichberger & Kelsey (2002) examine the effect of am-

biguity on the problem of free-riding by considering one side of the charitable

sector; namely, the contributors. However, I am interested in how ambiguity

affects decision making process of the donor when he directly interacts with

the charity to which he is contributing.

In this chapter I employ the ambiguity concept, inspired by Diamantaras

& Gilles (2009), to model the interaction between a wealthy donor and a char-

ity manager in the presence of uncertainty regarding each other’s strategies.

Diamantaras & Gilles (2009) use the ambiguity equilibrium concept to dis-

cuss agents’ equilibrium behavior in a model of the tragedy of the commons. I

use a similar analytical approach to analyze the decision making process that

determines a donor’s contribution and a charity manager’s production of the

public good.

As shown by Eichberger et al. (2007) and applied by Diamantaras & Gilles

(2009), in an ambiguity equilibrium players are concerned with three terms

in their payoff function. The first term, containing an optimism parameter,

measures a player’s most optimistic assessment regarding his opponent’s deci-

sion. The second term, containing a pessimism parameter, measures a player’s

most pessimistic assessment regarding his opponent’s decision. Finally, the last

term weighs a player’s standard expected utility payoff. In my model, play-

ers’ strategies are one-dimensional. Therefore, I consider a player’s pessimistic

view of the world separately from his optimistic view of the world. In other

words, I assume that a player who has pessimistically biased beliefs cannot

possess optimistically biased beliefs at the same time.

Several papers model optimistic and pessimistic responses to ambiguity,

and examine the implications for equilibrium outcomes of the games in ques-
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tion. Eichberger et al. (2009) consider a game of Cournot competition and find

that ambiguity has the effect of increasing equilibrium prices. Goeree & Holt

(2001) conduct experiments to show that only for certain parameter values

Nash equilibrium provides good prediction for behavior observed in the exper-

iments. Eichberger & Kelsey (2008) develop a theoretical explanation for the

findings of Goeree & Holt (2001) using optimistic and pessimistic attitudes

toward strategic ambiguity.

Ambiguity equilibrium also has its limitations. Namely, in order to employ

the ambiguity equilibrium solution concept, the two-player game I present in

chapter 3 utilizes neo-additive capacities to formulate a donor and a manager’s

payoffs. However, I am able to apply this formulation to my specified game

only because I allow two players in the game. This formulation cannot be used

in any games that have more than two players.

The following section offers a short summary of the three parts of this

dissertation.

1.2.3 Dissertation Chapters Outline

Chapter 1: A Signaling Game of Charitable Giving

I study a two-stage signaling game of charitable donations with two players:

a charity manager of different types and a wealthy donor. A charity manager,

who is perfectly informed, collects a donation from a donor, who has imperfect

information about different manager types. The manager uses the donation to

produce some public good, and in the process decides whether to create waste

in order to obtain a personal gain. I solve for separating and pooling sequential

equilibria of the game. I find that there exists no fully separating equilibrium in

which the donor can discern all possible manager types. In addition, I present

a characterization of all possible quasi-separating and -pooling equilibria. One

finding suggests that the amount of the initial donation may help the donor to

induce the manager to reveal his true type. Since there are multiple equilibria

in this signaling game, I apply the Intuitive Criterion of Cho and Kreps (1987)
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as a refinement. I find that one of the equilibria does not pass the Intuitive

Criterion, namely, the equilibrium I subsequently refer to as equilibrium IC.
In this equilibrium, the donor’s belief system instructs him to place a positive

probability on the event that a certain manager type will make an out-of-

equilibrium move. However, the manager would reduce his expected payoff

if he played the out-of-equilibrium move instead of playing his equilibrium

strategy. The Intuitive Criterion requires that we put some restrictions on

such a belief system of the donor, and as a result, this eliminates equilibrium

IC.

Chapter 2: Competing Projects in a Sequential Game of Charitable

Giving

Chapter 3 extends the previous chapter in several directions. First, the

donor’s utility depends on the desired production of the public good, and the

donor, in a sense, possesses a bliss-point for the production of the given public

good. Second, the charity manager is able to inspect his production costs, upon

which the donor is able to verify the cost and know for sure which manager

type he is facing. Finally, I introduce a competing charity into the model and

allow the donor to tie his contributions to specific projects. Subgame perfect

Nash equilibrium of the new modified game is characterized. I compare the

results obtained in the presence of competition with the results obtained in

the absence of competition, and evaluate whether competition helps increase

social welfare.

I find that when the donor has a choice to make contributions to two dif-

ferent charities, and when there is uncertainty about each charity’s production

costs, in equilibrium, the managers choose to inspect their true costs, and the

donor still achieves his desired production of the public good. Competitive

pressures are forcing the managers to inspect their true costs, which in turn

increases social welfare. In a sense, markets serve as a disciplining device and

induce the manager to take actions that increase the overall social welfare.
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Chapter 3: Charitable Giving under Ambiguity

In this chapter of the dissertation I use an alternative to expected utility

theory, known as Choquet expected utility, to model the interaction between a

wealthy donor and a charity manager. Instead of using a probability distribu-

tion to model uncertainty, a nonadditive probability, also known as capacity,

is used. I do this to examine the impact of the assumption that some or all of

the probabilities of potential outcomes of the game are unknown to the play-

ers. Therefore, I examine the interaction between the donor and the charity

manager in the presence of ambiguity, where ambiguity refers to situations in

which the players are unable to assign subjective probabilities to uncertain

events.

To model ambiguity in my game, I modify the payoff specification of each

player according to the formulation of Eichberger et al. (2007). Namely, I

express the modified utility of each player in terms of the players’ weighted

optimistic beliefs, pessimistic beliefs, and the standard expected utility payoff.

This specification allows the players to remain expected utility maximizers

when their degree of ambiguity is zero.

I find that compared to the Nash equilibrium of the specified game, ambi-

guity does not impose any additional restrictions on the degree of selfishness

of the manager such that the manager chooses to produce positive amount of

the public good. Additionally, the amounts of the public good produced and

the donor’s contribution are generally smaller in the ambiguity equilibria than

in the Nash equilibrium.
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CHAPTER 2

A Signaling Game of Charitable Donations

2.1 Introduction

The model I study in this chapter is a two-stage signaling game of chari-

table donations with two players: a charity manager and a wealthy donor. A

representative charity manager, who is perfectly informed, collects a donation

from a representative donor, who has imperfect information about the man-

ager’s types. The manager uses the donation to produce a public good, and

in the process decides whether to create waste in order to obtain a personal

gain. I solve for separating and pooling sequential equilibria of the game, and

employ the Intuitive Criterion of Cho & Kreps (1987) as a refinement to deal

with the problem of multiple equilibria. I find that there exists no fully sepa-

rating equilibrium in which the donor can discern all possible manager types.

In addition, the results suggest that the amount of the initial donation may

help the donor to induce the manager to reveal his true type. The following

section presents this model in detail.

2.2 Model Components of the Stage Game

There are two players in a two-period game: a single representative charity

manager m, and a single representative donor d. Both players are interested

in the production of a public good Gt, t ∈ {1, 2} (for example, a new public

library, humanitarian aid to hurricane victims, medical treatments, vaccines,

etc.). The donor’s budget for this charitable purpose is Ω > 0. The donor makes

a monetary contribution vt, t ∈ {1, 2}, toward the production of the public
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good. Monetary contribution vt is exogenous in the first period; it is some

fixed amount F ∈ (0,Ω).1 In the second period, the donor decides how much

to contribute to the charity. Hence, the second period donation is endogenous.

Therefore, the donor’s budget constraint is Ω ≥ v1 + v2, with v1 = F .

The charity collects and uses the donation to produce the public good. The

unit cost of producing the public good is c ∈ {cL, cH}, where cL < cH .2 The

unit cost of production is charity specific and it is common knowledge. Nature

at the beginning of the game determines the charity’s cost type. However,

the donor does not directly observe these costs. The donor only knows the

probability of the charity’s costs, Pr(c = cH) = p. In part, the uncertainty

about the unit cost of production will allow the charity to mismanage the

donation. Mismanagement on the part of the charity will lead to some waste wt,

t ∈ {1, 2}. Assume that the waste cannot be larger than the total contributions

collected by the charity, wt ≤ vt, t ∈ {1, 2} . The charity’s budget constraint

is

vt = cGt + wt. (2.1)

Therefore, vt is the total amount of donations collected in period t, which must

equal the total expenditure of the charity in the same period.

The donor knows that there is a possibility that the charity will mismanage

his donation. In other words, the charity could claim that it incurred high costs,

when in reality it had low costs but wasted the rest of the money. Therefore,

there are two different types of managers of the charity: good and bad. The

types m ∈ {good, bad} are also determined by Nature at the beginning of the

game. The donor does not directly observe the type of the charity to which

he is contributing. However, he does observe some signal of the charity’s type.

This signal allows the donor to form some prior belief about the likelihood that

1This assumption describes a situation in which the manager has solicited the donation
from the donor in the amount of F , and the donor has agreed to contribute that amount in
the first period. In section 2.5 I show how the results change when the first period donation
is chosen by the donor himself.

2It might seem more natural to assume economies of scale, and therefore, cL > cH .
However, changing this assumption would not affect the results in any meaningful way.
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the charity is good. Let the types of the first-period charity be independent

draws from an identical distribution with Pr(m = good) = λ. In other words,

λ is the donor’s prior belief that the charity’s type is good.

After the donor observes the amount of the public good produced in the

first period, G1, he forms some posterior beliefs about the type of the manager

he is facing. Let the donor’s posterior beliefs be specified in Table 2.1 such

that α (G1) + β (G1) + γ (G1) + δ (G1) = 1. In other words, the donor believes

with probability α (G1) that the manager is a good type with low cost, (g, cL),

when he observes G1 in the first period. Note that I do not require the same

posterior probabilities for different amounts of the public good produced in

the first period. For example, α (G∗1) may be greater, less or equal to α
(
G
′
1

)
.

Pr
(
g, cL|G1

)
= α (G1)

Pr
(
g, cH |G1

)
= β (G1)

Pr
(
b, cL|G1

)
= γ (G1)

Pr
(
b, cH |G1

)
= δ (G1)

Table 2.1: Donor’s posterior beliefs

I also assume that it is costly for the donor to obtain information about the

amount of the public good that the charity produces, which will be reflected

in the donor’s payoff. Let cd(v) describe this cost. Vesterlund (2003) makes a

similar assumption. In her model, the quality of the charity is revealed after

the donor conducts some sort of costly inspection. Similarly, in my model, it

will be costly for the donor to obtain information about the quality or the

amount of the public good produced. However, in my model, even after the

donor obtains this information, he remains uncertain of the charity’s true type.

Alternatively, this could be a cost to the donor of donating his money to this

specific charity instead of giving it to another charity that might have used

the donation more efficiently.
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2.2.1 Timing and Strategies

The game has two periods. In the first period Nature selects charity’s

types. The charity manager observes the cost of production of the public good,

c. Upon this observation, he chooses the amount of the public good to produce,

G1, which in turn determines the amount of waste, w1, as implied by the budget

constraint. With the asymmetric information, the charity manager will also be

choosing whether or not to be truthful. The charity manager has an incentive

to lie, since this could bring him personal gains.

After observing G1 and knowing from the start the total expenditure F in

the first period, the donor then decides whether or not to contribute to this

charity again in the second period. The second period is the same as first,

except that since the game ends at the end of the second period, the donor is

no longer a strategic player. The charity manager is the only strategic player

choosing G2. To summarize:

1. Nature determines the state of the world, i.e. manager’s types.

2. Player m decides how much public good G1 to produce, which in turn

determines how much waste w1 to produce as implied by the budget

constraint.

3. Player d observes how much public good G1 was produced, and knows

total charity’s expenditure v1 = F in the first period. Based on this

information, player d decides how much to contribute to the charity.

4. If payer d decides not to contribute at the end of the first period, the

game ends. If player d decides to contribute, player m again chooses how

much public good G2 to produce, which in turn determines how much

waste w2 is produced as implied by the budget constraint.

The extensive form3 of the described game is presented in Figure 2.1. Note

3I thank Martin J. Osborne for providing the LATEXstyle for formatting strategic games,
available at http://www.economics.utoronto.ca/osborne/latex/index.html.
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Figure 2.1: Game tree for the game Γ

that donor’s contribution v2 is modeled as a continuous variable. However, for

simplicity reasons, the tree presents it as a binary choice variable, which also

happen to be the actions of the donor in an equilibrium. Detailed description

of the payoff at terminal nodes is presented in the following section in Table

2.2.

When interpreting the game, we can think of the charity as a representative

charity randomly selected from the set of all charities, of whom a fraction

p has high costs and a fraction λ are good. Also, think of the donor as a

representative donor randomly selected from the set of all donors. Next, I

specify players’ payoff functions.

2.2.2 Payoffs

The donor’s expected payoff depends on the total amount of the public

good produced, his own donation, and on the cost of information acquisition

in the first period. Therefore, the donor’s utility will be derived from the total

amount of the public good produced in the first period, G1, and the total

starting contribution v1 = F , which is exogenously given, and as such, can
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be left out of the donor’s payoff function.4 In the second period, the donor

will again derive utility from the total amount of the public good produced,

G2, and the total contribution v2 in the second period.5 The donor’s payoff is

also negatively affected by the total contribution v2. There are several ways we

can interpret this cost. It can represent the monetary reduction in the donor’s

wealth. Alternatively, it can represent an indirect cost imposed on the donor as

a result of inefficient management of the donor’s funds (the donor could have

given his money to another more efficient charity). Lastly, it is reasonable

to assume that contributors spend substantial resources to investigate the

quality of the implemented project. This term would encompass the cost of

such investigation. Therefore, the donor’s expected payoff function (discount

factors omitted) is specified as follows:

ud(Gt, vt) = G1 +G2 + (τ − φ)v2, (2.2)

where τ, φ > 0 are exogenously determined parameters, and (τ − φ) reflects

the difference between the donor’s relative valuation of donation and its cost,

where τ measures the donor’s warm-glow of giving, and φ its cost. I assume

τ < φ. In other words, τ − φ < 0 means that the donor’s warm-glow of giving

cannot be stronger than the relative cost of contributing.

The payoffs of the good manager types are specified differently from the

payoffs of the bad manager types. Assume that the bad manager type cares

only about the personal gain w. Therefore, the bad manager’s expected payoff

is defined as follows:

ubm(wt) = w1 + w2. (2.3)

On the other hand, the good manager type derives utility from the total pro-

duction of the public good, and therefore, he obtains the largest payoff when

the maximum amount of the public good is produced. Hence, the good manager

4I modify this assumption in section 2.5 by allowing the donor to choose the amount of
the first period donation, which changes the results obtained in this section.

5This could be interpreted as the warm-glow component, originally introduced by An-
dreoni (1989).
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type’s expected payoff is defined as follows:

ugm(Gt) = G1 +G2. (2.4)

The complete specification of payoffs at terminal nodes in Figure 2.1 is pre-

sented in Table 2.2. The first entry is the manager’s payoff. The second entry

is the donor’s payoff.

A (G1 +G∗g2 , G1 +G∗g2 + (τ − φ)v2)

B (G1, G1)

C (G1 +G
′g
2 , G1 +G

′g
2 + (τ − φ)v2)

D (G1, G1)

O (w1 + Ω− F,G1 +G∗b2 + (τ − φ)v2)

P (w1, G1)

Q (w1 + Ω− F,G1 +G
′b
2 + (τ − φ)v2)

R (w1, G1)

Table 2.2: Revised payoffs

I abuse notation in Table 2.2 since I do not specify how unit costs affect the

production of the public good in the second period. Namely, due to different

unit costs of production, the payoffs at terminal node A must not be the same

as the payoffs at terminal node C, since G∗g2 6= G
′g
2 . Similarly, the payoffs at

terminal node O must not be the same as the payoffs at terminal node Q, since

G∗b2 6= G
′b
2 .

The managers’ preferences specified in equations 2.3 and 2.4 satisfy the

single-crossing property. The single-crossing property requires that the indif-

ference curves of the two manager types intersect at most once, such that

the two manager types display different marginal rates of substitution when

faced with the same G. Note that the good manager’s utility is an increasing

function of G, and the bad manager’s utility is a decreasing function of G.

Therefore, the two indifference curves intersect at most once.



21

Let Γ denote the described game that consists of two players, m and d,

each player’s set of actions G and v, and each player’s payoff as specified in

equations 2.2, 2.3 and 2.4. In the next section, I derive the sequential equilibria

of the game Γ.

2.2.3 Signaling Game Pure Strategy Sequential Equi-

librium

I employ sequential equilibrium as the equilibrium solution concept of Γ

because I want to insist upon rational behavior on the part of the donor at its

information set, and further, that the manager takes this into account. The

solution of Γ is the collection of strategies and beliefs that have the properties

as specified by a sequential equilibrium.

A pure strategy σgm = (Gg
c , w

g) for the good charity manager is a specifica-

tion of how much public good Gg
c to produce in each period given the charity’s

true cost c, which in turn imply the amount of the waste wg produced. Sim-

ilarly, a pure strategy for the bad charity manager is a specification of the

amount of the public good and waste, σbm = (Gb
c, w

b), to be produced in each

period given the charity’s true cost c.

The donor is choosing how much to contribute to the incumbent charity at

the end of the first period. Thus, a pure strategy for the donor is a choice of

σd = v2 where v2 ∈ [0,Ω − F ]. Once the public good is produced in the first

period, the donor formulates some beliefs about the manager types. Based

on his beliefs α (G1) , β (G1) , γ (G1) , δ (G1), the donor decides how much to

contribute at the end of the first period.

Abusing notation, call the 5-tuple (σ, α, β, γ, δ) an assessment. In general,

an assessment is a sequential equilibrium if and only if it is sequentially ra-

tional and consistent. An assessment is sequentially rational if each player is

playing the strategy that maximizes his expected payoff given the strategy

played by his opponent. An assessment is consistent if there is a sequence

(σk, αk, βk, γk, δk) of assessments such that (σk, αk, βk, γk, δk)→ (σ, α, β, γ, δ);
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each σk is completely mixed; each αk, βk, γk, δk is derived from σk using Bayes’

rule.

We can make some predictions about what may happen in an equilibrium:

• the bad manager type could impersonate the good manager type in order

to get a contribution in the second period, which yields the pooling

equilibrium;

• the bad manager type plays truthfully and creates a maximum amount

of waste in the first period, which yields the separating equilibrium.

Therefore, I examine separating and pooling equilibria of Γ. As it turns out,

in any separating equilibrium, the donor is able to only distinguish a good

manager from a bad one; he is not able to make any inferences about the

manager’s true costs. I call these equilibria quasi-separating and quasi-pooling

equilibria to emphasize that the donor is not able to fully separate between all

possible manager types. The complete specification of all possible sequential

equilibrium strategies and beliefs consistent with these equilibrium strategies

is presented in the next section.6 The current section describes general require-

ments on the model parameters needed to support an equilibrium.

To solve for an equilibrium of Γ, I start by applying backward induction.

Therefore, I start by determining the optimal actions for moves at the final

decision nodes in the tree. Since there are no further strategic interactions

between the players at that point, the determination of optimal behavior in-

volves a simple single-player decision problem. In the second period, the bad

manager type will produce the maximum amount of waste, w2 = Ω− F, since

the game ends in this period. However, if the manager is the good type then

he produces some amount of public good G2 that maximizes his payoff, and

therefore, he produces no waste, w2 = 0. From the budget constraint, it follows

that G∗good2 = v2
c

and G∗bad2 = (v2−Ω+F )
c

given the true costs c ∈ {cL, cH}. The

resulting payoffs are given in Table 2.2 on page 20.

6See appendix B for a complete derivation.
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Given these payoffs, the donor’s optimal play at the end of the first period

will depend on the posterior beliefs the donor will form based on his observa-

tion of G1. Let G∗1 be the manager’s equilibrium amount of the public good

produced in the first period. According to the manager’s budget constraint

and his objective of utility maximization, the good manager type will choose

to produce G∗g1 = F
c
> 0 for c ∈

{
cL, cH

}
. However, the bad manager type’s

optimal choice regarding the amount of the public good to produce will depend

on the relative magnitude of the initial contribution. I explain this in detail in

the following section.

Generally, the donor will make a contribution at the end of the first period

if the expected payoff of contributing is at least as large as the expected payoff

of not contributing. In other words, the donor examines the following:

[α (G∗1) + β (G∗1)] [G∗1 +G∗g2 + (τ − φ)v2]+[γ (G∗1) + δ (G∗1)] [G∗1 + (τ − φ)v2] ≥ G∗1

(2.5)

Rearranging this equation and canceling some terms I get α
cL

+ β
cH
≥ (φ− τ).

Given the donor’s payoff in equation 2.2 and his budget constraint, if the donor

decides to contribute, the amount of his contribution will be a corner solution,

v2 = Ω− F .

What about the donor’s off-the-equilibrium-path beliefs? In other words,

let me specify the donor’s beliefs when he observes some G
′
1 such that G

′
1 6= G∗1.

Let the donor believe with certainty that the manager is the bad type if he

observes any amount of the public good other than the equilibrium amount.

In other words, Pr(g|G′1) = 0, or Pr(b|G′1) = 1. Therefore, in order for the

donor to be willing to give a donation, the following has to be true.

(0)(G
′

1 +G∗g2 + (τ − φ)v2) + (1)(G
′

1 + (τ − φ)v2) ≥ G
′

1 (2.6)

This inequality requires that (τ − φ)v2 ≥ 0. By assumption, τ − φ < 0, and

therefore, this condition will be satisfied if and only if v2 = 0. The donor does
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not make a contribution at the end of the first period whenever he observes

G
′
1.

7

Let me now formally state the good manager’s equilibrium strategies in

the first and second periods of Γ.8

Lemma 2.1 (Good manager’s equilibrium strategies). In any sequential equi-

librium of Γ, the good manager type produces G∗1 = F
c

and G∗2 = Ω−F
c

, where

c ∈
{
cL, cH

}
. A good manager type, irrespective of his true costs, maximizes

his expected utility by always choosing to be truthful and by producing the max-

imum feasible amount of the public good, and therefore, produces no waste.9

I now turn to the manager type (bad, cH).

Lemma 2.2 ((bad, cH) type’s equilibrium strategies). In any sequential equi-

librium of Γ, a bad manager type (bad, cH) will choose to reveal his true type

(and not impersonate (good, cH) type), produce G∗1 = 0 and create maximum

amount of waste in the first period, if and only if F ≥ 1
2
Ω.

We can think of this scenario as the case where the manager is able to

extract some informational rent from the donor. This is the case where if the

donor was able to control the initial operating budget of the charity manager,

the donor would be buying information from the manager by providing him

more than 1
2
Ω of the donor’s wealth available for contributions in the first

period. The donor needs to make sure that the manager’s budget in the first

period is high enough in order to induce the manager to reveal his true type.

The manager profits from having informational advantage over the donor,

and therefore, he is able to extract some informational rent from the donor

in the first period. This is a grim result. It suggests that the only way to

7Other off-the-equilibrium-path beliefs are possible as reflected by equilibrium IC, which
is ruled out by the Intuitive Criterion. See section 2.3.1.

8The proofs of lemmas are in appendix B.
9Notice that by “irrespective of his true costs” I mean that the good manager type

(good, cL) will not pretend to be (good, cH) because he will not benefit from that behavior.
However, the costs do matter when the manager has to decide how much public good to
produce.
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determine whether a manager is wasting the donor’s contribution is to give

him a sufficiently large amount of money to waste.

Alternatively, this is the case where the charity manager has a sufficiently

large existing operating budget relative to the potential contribution that the

manager could receive from the donor. Therefore, it does not pay for the charity

manager to pretend to be a good type. The personal gain that the manager

derives by creating waste in the first period gives him a larger expected payoff

than the potential personal gain he could derive from pretending in the first

period and then wasting the donation in the second period. In other words, the

donor has not pledged a sufficiently large amount that would give an incentive

to the manager to cheat. This conclusion suggests that donors should pledge

to give small amounts if they expect managers to play truthfully.

Lemma 2.3 ((bad, cH) type’s equilibrium strategies). In any sequential

equilibrium of Γ, a bad manager type (bad, cH) will choose to impersonate

(good, cH) type, produce G∗1 = F
cH

and create no waste in the first period, if

and only if F < 1
2
Ω.

Next I examine the equilibrium strategies of the manager type (bad, cL).

Lemma 2.4 ((b, cL) type’s equilibrium strategies). In any sequential equilib-

rium of Γ, a bad manager type (bad, cL) will choose to reveal his true type

(and not impersonate (good, cH) type), produce G∗1 = 0 and create maximum

amount of waste in the first period, if and only if F ≥ cHΩ
cH+cL

.

Again, we can think of this scenario as the case where the manager is

able to extract some informational rent from the donor. Now, the donor is

buying information from the manager by providing more than half of the

donor’s wealth available for contributions in the first period to the manager.

As a result, the manager profits from having informational advantage over

the donor, and therefore, he is able to extract informational rents in the first

period.
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Lemma 2.5 ((b, cL) type’s equilibrium strategies). In any sequential equilib-

rium of Γ, a bad manager type (bad, cL) will choose to impersonate (good, cH)

type, produce G∗1 = F
cH

and create
(
cH − cL

)
G∗1 = w̃1 amount of waste in the

first period, if and only if F < cHΩ
cH+cL

.

Evidently, these results suggest that there are four potential sequential

equilibria. For ease of reference, let me summarize the assumptions regarding

the relative values of parameters F , Ω, cH and cL in Table 2.3 and Figure 2.2.

Case 1 cHΩ
cH+cL

> F ≥ 1
2
Ω

Case 2 F ≥ 1
2
Ω and F ≥ cHΩ

cH+cL

Case 3 1
2
Ω > F ≥ cHΩ

cH+cL

Case 4 F < 1
2
Ω and F < cHΩ

cH+cL

Table 2.3: Assumptions on parameter values

1
2
! !

!

F

F

cH!
cH+cL

Case 2

Case 4

Case 3

Case 1

Figure 2.2: Equilibrium candidates

• Case 1 is a candidate for a pooling equilibrium where the bad manager

type (b, cL) impersonates the good manager type (g, cH).

• Case 2 is a candidate for a quasi-separating equilibrium where both the

low and high cost bad manager types play revealing strategies G1 = 0 in

the first period. Since F cannot be bigger than Ω, I rewrite this condition

as Ω ≥ F ≥ cH

cH+cL
Ω.
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• Case 3 is a candidate for a pooling equilibrium where the bad manager

type (b, cH) impersonates the good manager type (g, cH).

• Case 4 is a candidate for a pooling equilibrium where both the low and

high cost bad manager types play the impersonating strategy G1 = F
cH

in

the first period. Since the lower bound on F is 0, I rewrite this condition

as 0 ≤ F < 1
2
Ω.

In the following section I characterize all possible pure strategy sequential

equilibria of Γ.

2.3 Pure Strategy Equilibria

Proposition 2.1. There exists no pooling equilibrium of the game Γ where the

bad manager type (b, cH) pretends to be the good manager type (g, cH).10

Proof. In order for such an equilibrium to exist, the condition for Case 3 in

Table 2.3 would have to be satisfied. However, there exists no F that satisfies

1
2
Ω > F ≥ cHΩ

cH+cL
. For the condition to be satisfied, there should exist cL and

cH such that cH

cH+cL
≤ 1

2
. Since I have assumed that cL < cH , there are no cL

and cH that would satisfy this condition.

For ease of reference, Table 2.4 summarizes the relevant parameter values.

Equilibrium IC 0 ≤ F IC < 1
2
Ω

Equilibrium P 1
2
Ω ≤ FP < cH

cH+cL
Ω

Equilibrium S cH

cH+cL
Ω ≤ F S ≤ Ω

Table 2.4: Relevant parameter values

Proposition 2.2 (Equilibrium P). In the signaling game Γ, under the follow-

ing assumptions

10This eliminates Case 3 from the previous section as an equilibrium candidate.
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1. cHΩ
cH+cL

> F ≥ 1
2
Ω,

2. 1 ≥ (φ− τ)cL and pλ ≥ (φ− τ)cH(pλ+ (1− p)(1− λ)),

a quasi-pooling equilibrium exists. In this equilibrium, the donor’s sequentially

rational equilibrium strategies are

σd

(
(Ω− F )|F

cL

)
= 1, σd

(
(Ω− F )| F

cH

)
= 1, σd

(
0|G1 6=

F

cL
,
F

cH

)
= 1.

The manager’s sequentially rational equilibrium strategies in the first period

are

σ(g,cL)
m

(
G1 =

F

cL

)
= 1, σ(g,cH)

m

(
G1 =

F

cH

)
= 1,

σ(b,cL)
m

(
G1 =

F

cH

)
= 1, σ(b,cH)

m (G1 = 0) = 1.

The donor’s posterior beliefs, consistent with the equilibrium strategies, are11

α

(
G1 =

F

cL

)
= 1, δ (G1 = 0) = 1,

α

(
G1 =

F

cH

)
=

pλ

pλ+ (1− p)(1− λ)
, γ

(
G1 =

F

cH

)
=

(1− p)(1− λ)

pλ+ (1− p)(1− λ)
.

Proof. See appendix A.

Given that all model parameters are common knowledge, the donor can

correctly anticipate the manager’s behavior. Under the assumption that F >

1
2
Ω, the donor will correctly anticipate that the manager type (b, cH) will not

profit from pretending to be type (g, cH). Therefore, upon observing F
cH

the

donor believes with certainty that he has not encountered manager (b, cH)

type. Upon observing G1 = 0 the donor is certain he has encountered manager

(b, cH) type. Similarly, the donor also correctly anticipates that the manager

type (b, cL) will not profit from pretending to be type (g, cL). Upon observing

F
cL

the donor believes with certainty that he has encountered a good manager,

11Since it has to be that α+β+γ+ δ = 1 then Pr(g, cL|G1 = F
cH

) = Pr
(
g, cL|G1 = 0

)
=

Pr(g, cH |G=
1
F
cL

) = Pr
(
g, cH |G1 = 0

)
= Pr(b, cL|G1 = F

cL
) = Pr

(
b, cL|G1 = 0

)
=

Pr(b, cH |G1 = F
cL

) = Pr(b, cH |G1 = F
cH

) = 0.
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(g, cL) type. The donor contributes when 1
cL
≥ (φ − τ), which follows from

inequality 2.5.

In this equilibrium, under the assumption that F < cHΩ
cH+cL

, the donor pre-

dicts that the manager type (b, cL) will pretend to be type (g, cH). Therefore,

when the donor observes F
cH

, he believes with positive probabilities that the

manager is either type (b, cL) or type (g, cH). But, does it make sense for the

donor to give a contribution of Ω − F with certainty when he observes F
cH

,

since there is a chance that the manager is a bad type? In other words, does

this behavior still maximize the donor’s payoff? It does if inequality 2.5 is

satisfied. This condition is satisfied when pλ
cH(pλ+(1−p)(1−λ))

≥ (φ− τ).

Equilibrium P is a quasi-pooling equilibrium, as only manager type (b, cL)

plays G1 = F
cH

with certainty, and therefore impersonates (g, cH) manager

type. Manager type (b, cH) reveals his type in this equilibrium. In addition,

the donor believes with certainty that the manager is type (g, cL) whenever he

observes G1 = F/cL. The donor also believes with certainty that the manager

is a bad type whenever he observes G1 = 0, irrespective of manager’s true

production costs. When the donor observes G1 = F/cH , the donor believes

with positive probabilities that the manager is type (g, cH) and (b, cL). There-

fore, upon observing G1 = F
cL

or G1 = F
cH

the donor’s best response is to play

v2 = Ω − F with certainty. And if the donor observes any other G1 then his

best response is to play v2 = 0 with certainty.

Proposition 2.3 (Equilibrium S). In the signaling game Γ, under the follow-

ing assumptions

1. Ω ≥ F ≥ cH

cH+cL
Ω,

2. 1 ≥ (φ− τ)c and c ∈
{
cL, cH

}
,

a quasi-separating equilibrium exists. In this equilibrium, the donor’s sequen-

tially rational equilibrium strategies are

σd

(
(Ω− F )|F

cL

)
= 1, σd

(
(Ω− F )| F

cH

)
= 1, σd

(
0|G1 6=

F

cL
,
F

cH

)
= 1.
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The manager’s sequentially rational equilibrium strategies in the first period

are

σ(g,cL)
m

(
G1 =

F

cL

)
= 1, σ(g,cH)

m

(
G1 =

F

cH

)
= 1,

σ(b,cL)
m (G1 = 0) = 1, σ(b,cH)

m (G1 = 0) = 1.

The donor’s posterior beliefs, consistent with the equilibrium strategies, are12

α

(
G1 =

F

cL

)
= 1, δ (G1 = 0) = p,

β

(
G1 =

F

cH

)
= 1, γ (G1 = 0) = (1− p).

Proof. See appendix A.

Equilibrium S is a quasi-separating equilibrium, as manager types (b, cL)

and (b, cH) play G1 = 0 with certainty. Upon observing this G1 the donor

believes the manager is (b, cL) type with probability 1 − p, and (b, cH) type

with probability p. Since the donor cannot be certain of the manager’s true

cost type upon observing G1 = 0, I call this a quasi-separating equilibrium.

Proposition 2.4 (Equilibrium IC). In the signaling game Γ, under the fol-

lowing assumptions

1. 0 ≤ F < 1
2
Ω,

2. λ ≥ (φ− τ)cL, and pλ
cH(1−λ+pλ)

≥ (φ− τ)

a quasi-pooling equilibrium exists. In this equilibrium, the donor’s sequentially

rational equilibrium strategies are

σd

(
(Ω− F )|F

cL

)
= 1, σd

(
(Ω− F )| F

cH

)
= 1, σd

(
0|G1 6=

F

cL
,
F

cH

)
= 1.

The manager’s sequentially rational equilibrium strategies in the first period

are

σ(g,cL)
m

(
G1 =

F

cL

)
= 1, σ(g,cH)

m

(
G1 =

F

cH

)
= 1,

12Since it has to be that α+β+γ+ δ = 1 then Pr(g, cL|G1 = F
cH

) = Pr
(
g, cL|G1 = 0

)
=

Pr(g, cH |G=
1
F
cL

) = Pr
(
g, cH |G1 = 0

)
= Pr(b, cL|G1 = F

cL
) = Pr(b, cL|G1 = F

cH
) =

Pr(b, cH |G1 = F
cL

) = Pr(b, cH |G1 = F
cH

) = 0.
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σ(b,cL)
m

(
G1 =

F

cH

)
= 1, σ(b,cH)

m

(
G1 =

F

cH

)
= 1.

The donor’s posterior beliefs, consistent with the equilibrium strategies, are13

α

(
G1 =

F

cL

)
= 1, δ

(
G1 =

F

cH

)
=

p(1− λ)

1− λ+ pλ
,

β

(
G1 =

F

cH

)
=

pλ

1− λ+ pλ
, γ

(
G1 =

F

cH

)
=

(1− p)(1− λ)

1− λ+ pλ
,

α (G1 = 0) = (1− p)λ, δ (G1 = 0) = p(1− λ),

β (G1 = 0) = pλ, γ (G1 = 0) = (1− p)(1− λ).

Proof. See appendix A.

In this equilibrium, the donor believes with certainty that the manager is

type (g, cL) whenever he observes G1 = F/cL. Whenever the donor observes

G1 = 0, he believes with positive probabilities that it can be any possible

type. When the donor observes G1 = F
cH

, the donor believes with positive

probabilities that the manager is type (g, cH), (b, cL) and (b, cH). In addition,

(b, cH), (b, cL) and (g, cH) manager types play G1 = F
cH

, and (g, cL) manager

type plays G1 = F
cL

.

Proposition 2.5. There exist no fully separating and fully pooling sequential

equilibria of the signaling game Γ.

Proof. A fully separating equilibrium is an equilibrium in which, upon observ-

ing the equilibrium amount of the public good produced in the first period,

the donor would be able to discern which specific type the manager was given

the four possible types. As I have already shown, in any sequential equilibrium

of the game Γ, type (g, cL) plays G∗1 = F
cL

and type (g, cH) plays G∗1 = F
cH

. Let

the equilibrium strategies that types (b, cL) and (b, cH) play be G∗1 = Y and

G∗1 = Z respectively. A fully separating sequential equilibrium of the game

13Since it has to be that α+ β + γ + δ = 1 then Pr(g, cL|G1 = F
cH

) = Pr(g, cH |G=
1
F
cL

) =

Pr(b, cL|G1 = F
cL

) = Pr(b, cH |G1 = F
cL

) = 0.
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Γ would require that Y 6= Z 6= F
cH
6= F

cL
. However, as I have shown, in any

equilibrium both types (b, cL) play either G1 = 0 or G1 = F
cH

. Therefore, there

is no fully separating equilibrium of the game Γ.

2.3.1 Intuitive Criterion

Signaling games are plagued by the multiplicity of equilibria due to the

wealth of off-the-equilibrium path beliefs that can be imposed on the unin-

formed player. In order to reduce the number of equilibria of the signaling

game Γ, I use the refinement known as the Intuitive Criterion of Cho & Kreps

(1987). The Intuitive Criterion requires that we put some restrictions on off-

the-equilibrium path beliefs. Loosely speaking, the manager will not play a

strategy that is not a part of an equilibrium. Therefore, I should restrict the

donor’s beliefs by placing a zero probability on such events. In other words,

I remove from the game the possibility that the manager will play off-the-

equilibrium path strategy. Let me now state this formally.

Definition 2.1 (Wolfstetter (1999)). Consider an equilibrium and associated

belief system. The belief system satisfies the Intuitive Criterion if, for all out-

of-equilibrium actions y, it puts zero probability on that type who is sure to lose

by taking this action y, relative to that type’s payoff in the assumed equilibrium.

I apply the Intuitive Criterion of Cho & Kreps (1987) to all my equilibria,

and examine which one, if any, fail the Intuitive Criterion. The findings are

summarized as follows.

Proposition 2.6. The Intuitive Criterion rules out the pooling equilibrium,

Equilibrium IC, of the signaling game Γ. The quasi-separating and pooling

equilibria of the signaling game Γ, Equilibrium P and Equilibrium S respec-

tively, pass the Intuitive Criterion.

Proof. Let me show why Equilibrium IC does not pass the Intuitive Criterion.

Recall that the donor places positive probability µ(g, cL|G1 = 0) = (1− p)λ 14

14For detailed calculations, refer to appendix B.
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on the event that type (g, cL) makes an out-of-equilibrium move G1 = 0. Fix

the amount of the public good produced in the second period to G2. If this

manager type were to make this out-of-equilibrium move G1 = 0, his expected

payoff would be G2. And if this manager type played his equilibrium strategy

G1 = F
cL

, his expected payoff would be G1 = F
cL

+ G2. Therefore, the man-

ager would reduce his expected payoff if he made this out-of-equilibrium move

instead of playing his equilibrium strategy. Consequently, the donor should

place zero probability on the event that this manager type plays G1 = 0, or

µ(g, cL|G1 = 0) = 0. Similar analysis can be applied to obtain the results for

Equilibrium P and S.

Therefore, I rule out Equilibrium IC as a solution of the signaling game Γ.

In the next section, I examine efficiency properties of Equilibrium P and S.

2.4 Equilibria and Efficiency

In this section I evaluate efficiency implications of each equilibrium outcome

of the signaling game Γ. I do not use the standard notion of efficiency, Pareto

efficiency. Instead, I define an equilibrium outcome that results in the lowest

expected waste as the most efficient and desirable equilibrium.

In order to evaluate and compare efficiency of the equilibrium outcomes

of the signaling game Γ, I make a comparison between total expected wastes

in each equilibrium. Let EWP be the total expected waste in equilibrium P .

EWP is calculated as follows.

EWP = (1− λ)(1− p)
(
Ω− FP + (cH − cL)FP

)
+ (1− λ)pFP

= (1− λ)(1− p)
(
Ω + (cH − cL)FP

)
.

Let EW S be the total expected waste in equilibrium S. EW S is calculated as

follows.

EW S = (1− λ)pF S + (1− λ)(1− p)F S =

= (1− λ)F S .
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Since the Intuitive Criterion rules out equilibrium IC, I only compare the

total expected waste obtained in equilibria P and S, which are summarized in

Table 2.5.

EWP (1− λ)(1− p)
(
Ω + (cH − cL)FP

)
EW S (1− λ)F S

Table 2.5: Expected waste

Let me first note some observations.

• The higher the F , ceteris paribus, the greater the expected waste in both

equilibria.

• The higher the difference between the high production cost cH and the

low production cost cL, ceteris paribus, the higher the expected waste in

equilibrium P .

• The higher the probability of a high unit cost, p, ceteris paribus, the

lower the expected waste in the pooling equilibrium.

Let the amount of the first period donation in the pooling equilibrium be the

smallest feasible amount, FP = 1
2
Ω. Also, let the amount of the first period

donation in the separating equilibrium be the largest feasible amount, F S = Ω.

Proposition 2.7. Ceteris paribus, the higher the high unit cost cH relative to

the low unit cost cL, the higher the expected waste in the pooling equilibrium.

Ceteris paribus, the higher the probability of the low unit cost (1−p), the higher

the expected waste in the pooling equilibrium.

Proof. Replace the first period donations in the two equilibrium outcomes

with the smallest feasible amount, FP = 1
2
Ω and the largest feasible amount,

F S = Ω, and normalize the low unit cost cL. Let the difference EW S −EWP
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be ∆EW = 1− 1
2
(1− p)cH , which I calculate as follows,

∆EW = (1− λ)Ω− (1− λ)(1− p)
(

Ω + (cH − cL)
1

2
Ω

)
,

∆EW = 1− 1

2
(1− p)cH .

Note that whenever ∆EW ≥ 0, the expected waste in the separating equi-

librium is at least as large the expected waste in the pooling equilibrium.

Whenever ∆EW ≤ 0, the expected waste in the pooling equilibrium is at

least as large the expected waste in the separating equilibrium. Evidently, in

terms of the expected waste, it is difficult to conclude which equilibrium is

more desirable, since the comparison depends on several parameter values.

For certain high values of cH and (1 − p), the separating equilibrium is more

desirable. Conversely, if cH is relatively small compared to cL, and (1 − p)

is small, then the pooling equilibrium is more desirable. In this instance, the

public good production in the first period is beneficial to the society more than

the creation of waste is harmful.

2.5 Endogenous First Period Donation

Charity managers often solicit contributions from donors for specific

projects, and donors who care enough about the project in question con-

tribute the asked amounts. The game I have analyzed so far has pertained

to such situations. Nonetheless, it is important to see how the results of the

game Γ change once the donor is in a position to select the amount of the first

period donation himself. In other words, I have assumed that the first period

donation is exogenously given. How do the results change when the first period

donation is endogenous and chosen by the donor himself?

Endogenizing the first period donation simplifies the decision making be-

havior of both players and reduces the game to one period. Namely, under the
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assumption that (φ− τ) ≥ pcL+(1−p)cH
cHcL

, if the probability that the donor is fac-

ing a good manager is sufficiently large, or if λ ≥ (φ−τ)cHcL−(1−p)cL
pcL+(1−p)cH−(1−p)cL , the donor

will choose to give away all of his budget designated for charitable purposes,

Ω, in the first period. Then, if he is facing a good manager, the largest feasible

amount of the public good will be produced. On the other hand, if he is facing

a bad manager, all of the donor’s donation will be wasted in the first period.

Under these special circumstances, only a ‘separating’ equilibrium exists.

To see this, note that the players’ decision making behavior is the same

in the second period as in the previous sections. In other words, when

α
cL

+ β
cH
≥ (φ− τ), the donor contributes v2 = Ω− v1, the difference between

his total budget and the first period donation. Otherwise, he contributes noth-

ing. In response, if the manager obtains a donation in the second period, a

bad manager wastes all of the second period donation, and a good manager

produces the maximum feasible amount of the public good.

Now I examine how the players’ behavior changes when the first period

donation is the donor’s choice variable. To reflect this change, the donor’s new

payoff is

ud = G1 +G2 + (τ − φ)(v1 + v2). (2.7)

As previously, depending on the manager’s behavior, there are either sepa-

rating and/or pooling equilibria. The donor has some prior probabilities, and

anticipates the manager’s behavior depending on the manager’s possible types.

Therefore, in a separating equilibrium, the donor in the first period maximizes

expected utility given his choice of the first period donation,

max
v1

EUd = pλs

( v1

cH

)
+ (1− p)λs

(v1

cL

)
+ (τ − φ)v1. (2.8)

From equation 2.8, it follows that the donor chooses to give all his budget in

the first period, or v1 = Ω, if λs ≥ (φ−τ)cHcL

pcL+(1−p)cH .

In a pooling equilibrium, the donor in the first period maximizes expected

utility given his choice of the first period donation,

max
v1

EUd = (pλp + (1− p)(1− λp))
( v1

cH

)
+(1−p)λp

(v1

cL

)
+(τ −φ)v1. (2.9)



37

From equation 2.9, it follows that the donor chooses to give all his budget in

the first period, or v1 = Ω, if λp ≥ (φ−τ)cHcL−(1−p)cL
pcL+(1−p)cH−(1−p)cL .

Under the assumption that (φ−τ) ≥ pcL+(1−p)cH
cHcL

, λp ≥ λs. Therefore, when

λ ≥ (φ−τ)cHcL−(1−p)cL
pcL+(1−p)cH−(1−p)cL , the donor chooses to give all his budget in the first

period. Otherwise, the donor makes no contribution. If the donor makes no

contribution, the game ends, as the manager does not have sufficient funds to

produce the public good in the first period. If the donor makes a contribution

in the first period, a good manager will choose to produce the most feasible

amount of the public good, and a bad manager will waste all of the money.

The game ends after the first period, as all of the donor’s budget is used up

in the first period. The following proposition summarizes these results.

Proposition 2.8. In the sequential game Γ, when the first period donation

is endogenous, under the assumption that (φ − τ) ≥ pcL+(1−p)cH
cHcL

, the donor

gives all his budget in the first period if the probability that he is facing a good

manager is λ ≥ (φ−τ)cHcL−(1−p)cL
pcL+(1−p)cH−(1−p)cL . Otherwise, the donor contributes nothing.

A good manager uses the donation to produce the most feasible amount of the

public good, and a bad manager wastes the whole donation.

Remark 2.1. Note that when (φ − τ) < pcL+(1−p)cH
cHcL

, then λs > λp, and λ >
(φ−τ)cHcL

pcL+(1−p)cH is sufficiently large to induce the donor to give his contribution in

the first period.

Evidently, when the first period donation is endogenous, the game is re-

duced to one period only, as the donor decides to give all his budget in the first

period when the probability that he is facing a good manager is sufficiently

large. However, if he makes a contribution in the amount of his total budget,

and it turns out the manager he was facing was bad, all of his contribution will

be wasted. Compared to the analysis of the same game with exogenously given

first period contribution, where in the pooling equilibrium a bad manager im-

personates a good manager and produces the public good, the donor is better

off contributing only some fixed portion of his total budget in the first period,

and based on the observation of the public good production, contribute more



38

or less in the future. In a sense, the donor’s first period contribution becomes

a commitment device that might induce even bad managers to produce the

public good in the first period.

2.6 Conclusion

The main contribution of this chapter consists of designing a two-period

model of the philanthropic sector in which both a wealthy donor and a char-

ity manager are strategic players. The existing literature regarding charitable

giving typically assumes perfect information. I argue that, due to numerous

factors including the lack of regulation of the philanthropic sector, it is diffi-

cult to evaluate a charity’s success and efficiency. My model assumes imperfect

information regarding the type of the manager the donor faces. Therefore, I

examine moral hazard problems that arise in the specified game.

Sequential equilibria of the game are characterized. I find two surviving

equilibria after I apply the Intuitive Criterion of Cho & Kreps (1987): a pooling

equilibrium and a separating equilibrium. The results suggest that the donor

could induce his desired equilibrium by selecting an appropriate contribution

amount in the first period. In the pooling equilibrium, a bad manager type

pretends to be a good manager type in the first period of the game in order

to obtain the donation from the donor in the second period of the game. The

manager produces the public good in the first period but wastes the donation

in the second period. In the separating equilibrium, bad manager types waste

the first period donation. As a result, no public good is produced if the manager

is bad.

To deal with the problem of multiple equilibria, in future research I might

use a commitment device as a mechanism to overcome a bad manager type’s

incentive to pool with the good manager type. In order to overcome this prob-

lem, the donor must offer some sort of compensation to the manager in order

to induce him to play truthfully. The donor’s offer must allow the manager to

maximize his expected utility under participation and incentive compatibility
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constraints and give him at least as much utility as he would get if he played

according to the original specifications of the game.

In addition, the results suggest that the donor cannot achieve the maximum

feasible production of the public good whenever he is facing wasteful managers.

In the separating equilibrium, if the donor faces a wasteful manager, the public

good will not be produced. In pursuit to overcome this grim result, in future

research I might modify the model by utilizing an overlapping generations

model of donors.
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CHAPTER 3

Competing Projects in a Sequential Game of

Charitable Giving

3.1 Introduction

In this chapter, I modify the model presented in the previous chapter and

set up a new game in order to examine the effects of competition in the philan-

thropic sector in the presence of uncertainty. Namely, the model in this chapter

differs from the model of chapter 2 in several ways, including the following:

a) the donor now has a ‘bliss-point’1 for the production of the public good, b)

the manager has a choice to inspect his true production costs, and c) there is

only one period in the game. After I characterize the unique subgame perfect

Nash equilibrium of the game, I introduce a competing charity into the model

and allow the donor to tie his contributions to specific projects. This allows

me to compare the results obtained in the presence of competition with the re-

sults of the benchmark game with a single charity. Finally, I evaluate whether

competitive pressures in the philanthropic sector help improve social welfare.

I find that when there is only a single charity and there is uncertainty about

the charity manager’s production costs, the manager engages in behavior that

results in a reduced social welfare. Therefore, competition, in and of itself,

induces the manager to behave as the donor wishes him to behave, and this

results in an increased social welfare.

The next section contains the presentation and analysis of the benchmark

model. Section 3.3 focuses on the results of the game when a competing charity

1‘Bliss-point’ refers to the donor’s targeted amount or production of the desired public
good. The next section discusses this in more detail.
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is introduced. Section 3.4 looks at a mechanism that the donor could implement

to obtain his desired result, and compares it with the results generated by

competitive pressures. I conclude the chapter with section 3.5.

3.2 Model Setup

Consider a noncooperative sequential game of imperfect information be-

tween two players: a donor d, and a manager m. The manager can be one of

two possible types, which depends on the production cost that the manager

faces. If the manager faces a low production cost, his type is cL, and if he faces

a high production cost, his type is cH . The manager does not know exactly

which production cost he is facing. He only knows the probability distribution

of the types, such that with probability p he is facing a low production cost,

and with probability (1− p) he is facing a high production cost.

Initially, the only information that the donor possesses regarding the man-

ager’s type is the probability distribution of m’s types. The manager first

chooses whether to inspect his true type, and upon this decision receives a do-

nation v from the donor. Once the donation is received, the manager decides

how much public good G to produce. If the manager chooses to inspect his

true cost, then the donor is able to verify the manager’s true type and becomes

perfectly informed about the manager’s type. Based on this information, the

donor decides how much to contribute. However, if the manager chooses not

to inspect his true type, the donor is not able to verify the manager’s produc-

tion cost and based on this imperfect information about the manager’s type,

decides how much to contribute.

In what follows, I specify the timing of the players’ strategies in the game

Γ.

1. Nature selects manager’s type such that Pr(type = cL) = p and

Pr(type = cH) = (1− p).
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2. d and m do not observe types, just the probability distribution of the

possible types.

3. m chooses whether to inspect his true cost.

4. If m does not inspect, d has no way of verifying the true cost, so he

chooses v to contribute, and then m chooses G to produce. The game

ends.

5. If m inspects, d observes the manager’s true type.2

6. If the manager’s true type is L, d knows this and based on that gives

v, after which m chooses G. Similarly, if the manager’s true type is H,

d knows this and based on that gives v, after which m chooses G. The

game ends.

Figure 3.1 is an extensive form of the described game Γ.

3.2.1 Payoffs

The low manager type derives payoff,

uLm = 2
√

(v +G)− (α + β)G, (3.1)

where α ∈ R is the marginal cost of inspection3, and β ∈ R is the L type’s

marginal cost of producing the public good. It is reasonable to assume that

the marginal costs increase as the complexity or amount of the public good

produced increases. For example, a project that involves construction of a new

school is more complex than a project that involves providing tutoring for

underprivileged students, as building a new school involves hiring expertise

2I assume that in this instance, the donor has the ability to verify the manager’s true
type. This is a reasonable assumption, as the donor, in this scenario, can hire an auditor
to verify the manager’s true production costs, possibly at some cost to the donor. Here, I
assume that this cost of verification to the donor is fixed, and as such can be left out of the
donor’s utility, as it will have no bearing on the results.

3Let α > 0 when the manager inspects his true cost. Otherwise, α = 0.
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Figure 3.1: Extensive Form of Game Γ

of an architect, a plumber, an electrician, etc., while providing tutoring re-

quires expertise of a teacher alone. Additionally, I assume that the manager is

risk-averse in regards to the contribution he receives and the public good he

produces.

In the spirit of Rose-Ackerman (1996), who argues that a non-profit form

of an organization can sometimes mask private profit-seeking activities, the

model of the first chapter of this dissertation explicitly specifies ‘bad’ managers

as those managers who divert donations for their private gains. The present

specification of the manager’s utility still allows the existence of ‘bad’ man-

agers. The manager wants to receive the highest possible donation regardless

of how this donation will be used.

The high manager type derives a similar payoff,

uHm = 2
√

(v +G)− (α + γ)G, (3.2)
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where γ ∈ R is H type’s marginal cost of producing the public good. I assume

that L type’s marginal cost of production is smaller than H type’s marginal

cost of production, hence, β < γ.

The donor is altruistic and derives utility from the production of the pub-

lic good alone. Let Ĝ specify the donor’s targeted or desired amount of the

particular public good; alternatively, this is the donor’s ‘bliss-point’. I specify

the donor’s payoff as follows,

ud = −(G− Ĝ)2. (3.3)

The donor receives disutility from any deviation from his targeted amount of

the public good. The assumption about the donor’s utility specification comes

from the fact that many wealthy donors support multiple charitable projects.

In other words, donors who have a large budget for charitable purposes, often

choose to use it for several different projects, and not exclusively for one.

Therefore, I assume that the donor has a specific target that he wishes to

achieve in terms of the production of the public good G, and this target is Ĝ.

Any deviation from this target, even in the direction that exceeds the targeted

amount, reduces the donor’s utility, as it takes away from other charitable

projects for which the donor cares and financially supports. Rose-Ackerman

(1996) describes these donors as individuals whose utility functions depend on

the achievement of some general goal such as a cleaner environment, which, in

the present context, is described by Ĝ.

3.2.2 Equilibrium

Since I insist that the players’ equilibrium strategies satisfy the principle

of sequential rationality, the appropriate equilibrium solution concept used to

solve this game is subgame perfect Nash equilibrium (SPNE).4 Let GL and vL

stand for the manager’s optimal production of the public good and the donor’s

contribution, respectively, when the manager inspects his type and discovers

4Compared to the game of chapter 2, this game has only one period, and the donor’s
belief system is no longer relevant. Therefore, in this chapter, I use SPNE to solve the game.
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his true type is L. Similarly, let GH and vH stand for the manager’s optimal

production of the public good and the donor’s contribution, respectively, when

the manager inspects his type and discovers his true type is H. Lastly, let G̃

and ṽ stand for the manager’s optimal production of the public good and

the donor’s contribution, respectively, when the manager does not inspect his

type.

First, I present the formal definition of SPNE.

Definition 3.1. A profile of strategies σ = (σ1, · · · , σI) in an I-player ex-

tensive form game ΓE is a SPNE if it induces a Nash equilibrium in every

subgame of ΓE.

I employ backward induction to find a solution, and therefore, I start by

looking at the player’s optimal behavior at the final decision nodes.

Step 1.

I first look at the manager’s decision at the end of the game when the

manager inspects his type and discovers that he is type L. Taking the derivative

of the manager’s payoff with respect to G and setting it equal to zero yields,

GL =
1

(α + β)2
− v. (3.4)

Since the game is sequential, the donor can correctly anticipate the

manager’s behavior, and as a result maximizes his expected utility, ud =

−
(

1
(α+β)2

− v − Ĝ
)2

. Taking the derivative of the donor’s expected utility with

respect to v, I find that,

vL =
1

(α + β)2
− Ĝ. (3.5)

This is the amount that the donor has to contribute to the low type man-

ager, which is just enough to guarantee the Ĝ production of the public good.

Therefore, GL = 1
(α+β)2

− vL = Ĝ.

Step 2.

Next, I look at the manager’s decision when the manager inspects his type

and discovers that he is type H. Taking the derivative of the manager’s payoff
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with respect to G and setting it equal to zero yields

GH =
1

(α + γ)2
− v. (3.6)

Since the game is sequential, the donor can correctly anticipate the

manager’s behavior, and as a result maximizes his expected utility, ud =

−
(

1
(α+γ)2

− v − Ĝ
)2

. Taking the derivative of the donor’s expected utility with

respect to v, I find that,

vH =
1

(α + γ)2
− Ĝ. (3.7)

This is the amount that the donor has to contribute to the high type man-

ager, which is just enough to guarantee the Ĝ production of the public good.

Therefore, GH = 1
(α+γ)2

− vH = Ĝ.

Step 3.

Now I look at the manager and donor’s decisions when the manager does

not inspect his true cost. Then,

EUm = p
[
2
√
v +G− βG

]
+ (1− p)

[
2
√
v +G− γG

]
= 2
√
v +G− [pβ + (1− p)γ]G.

Differentiating the manager’s expected utility with respect to G, and setting

it equal to zero yields G̃ = 1
(pβ+(1−p)γ)2

− v. Since the donor chooses ṽ =

1
(pβ+(1−p)γ)2

− Ĝ, then, G̃ = Ĝ.

Collecting these results, I find that in all three cases the amount of the

public good produced is always the same, and the donor receives equal payoff

in all three cases since he is able to induce the desired production of the public

good. Under the assumption that α > (1 − p)(γ − β), which I explain in

the proof of proposition 3.1, the manager receives the largest payoff when he

doesn’t inspect his true cost. Consequently, the donor has to make a larger

contribution in case the manager does not inspect his true cost in order to

assure that his desired amount of the public good, Ĝ, will be produced. This

is summarized in the following proposition.
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Proposition 3.1. Under the assumption that α > (1 − p)(γ − β), in the

unique SPNE of the game Γ, the manager chooses not to inspect his true cost

and produces G̃ = Ĝ. The donor donates ṽ = 1
(pβ+(1−p)γ)2

− Ĝ.

Proof. The donor is able to always induce the desired production of the public

good, GL = GH = G̃ = Ĝ, because he is able to correctly anticipate the

manager’s behavior. Now, I show that , for the same production of the public

good, the donor’s contribution is the lowest when the manager inspects his

cost and finds he is a high type, and it is the highest when the manager does

not inspect his cost. In other words, ṽ > vL > vH , and ũm > uLm > uHm, under

the assumption that α > (1− p)(γ − β).

vL − vH =
1

(α + β)2
− Ĝ− 1

(α + γ)2
+ Ĝ > 0 (3.8)

=
1

(α + β)2
− 1

(α + γ)2
> 0. (3.9)

Since I have assumed that γ > β, this inequality is satisfied for all α, β, γ ∈
R.

ṽ − vL =
1

(pβ + (1− p)γ)2
− Ĝ− 1

(α + γ)2
+ Ĝ > 0 (3.10)

=
1

(pβ + (1− p)γ)2
− 1

(α + γ)2
> 0. (3.11)

This inequality is satisfied when α > (1 − p)(γ − β). Next, I show that

uL > uH for all α, β, γ, Ĝ ∈ R, given the assumption γ > β.

uL − uH =
2

α + β
− (α + β)Ĝ− 2

α + γ
+ (α + γ)Ĝ > 0 (3.12)

= 2

[
1

α + β
− 1

α + γ

]
+ Ĝ(γ − β) > 0. (3.13)

Finally, under the assumption that α > (1− p)(γ − β), it must be that,



48

ũ− uL =
2

pβ + (1− p)γ − (pβ + (1− p)γ)Ĝ− 1

(α + β)2
+ (α + β)Ĝ > 0

(3.14)

= 2

[
1

pβ + (1− p)γ −
1

α + β

]
− Ĝ((1− p)(γ − β)− α) > 0. (3.15)

Note that the donation required to achieve the desired production of the

public good when the manager is a low type has to exceed the donation to

achieve the same production of the public good when the manager is a high

type. This might seem counterintuitive, as it would seem that a lower produc-

tion cost would require a smaller donation, and especially since in chapter 2,

the manager who had a smaller cost produced more public good. This chapter

differs from chapter 2 in two crucial respects: 1) the donor has a ‘bliss-point’,

and 2) the manager has a choice to inspect his production cost, in which case

the donor finds out exactly which manager type he is facing. In addition, notice

that the manager derives a direct payoff from both the donor’s contribution

and the public good production, and he is risk averse in this respect. Therefore,

in a sense, the donor, when facing L manager type, has to reward the manager

for being the more efficient type compared to type H, in order to induce him

to produce the desired amount Ĝ. This is also evidence that managers should

search for production techniques that lower their production costs, as donors

will reward them for having comparatively smaller production costs.

From the point of view of the donor, the case where the manager inspects

his true cost is not preferred over the case where the manager does not inspect

his true cost. In either case, the donor receives the same payoff, as he always

induces the desired amount of the public good production. However, the crucial

component of the model that guarantees the donor the same payoff in both

cases is the fact that the donor is purely altruistic. He derives utility solely

from the production of the public good. In future research, I will examine how

the results would change when the donor possesses a warm-glow of giving.
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Although the donor, in terms of his payoff, is indifferent between the case

where the manager inspects his true cost and the case where the manager does

not inspect his true cost, in terms of social welfare the former is preferred to

the latter for the following reason. When the manager inspects his true cost, he

can produce the desired amount of the public good from a smaller contribution

compared to the case where he does not inspect his true cost. In other words,

inspection on the part of the manager increases social welfare. Therefore, it is

in the society’s best interest to institute a mechanism such that the manager

always has an incentive to inspect his true cost. The next section is dedicated

to this issue. More specifically, rather than having the donor act as a designer,

I examine whether competition in and of itself is an efficient mechanism that

induces the manager to inspect his true type.

3.3 A Competing Charity in the Game Γ

Consider the game Γ, but now with an additional competing charity. Let

the original charity’s manager be labeled mA, and the new charity’s manager

mB, who has the same information and payoff structure as the charity manager

mA. Additionally, the donor has the same information about charity A and

charity B. Notice that charity A’s project might involve a different public good

than charity B’s. For example, charity A could be implementing a project that

provides help and support for victims of an earthquake, and charity B could

be implementing a project that provides support in search of a cure for a

terminal illness. The donor equally cares about the two projects and can tie

his donations to these specific projects. However, the targeted amount of each

public good/project to be produced is the same for the two projects, namely,

Ĝ.

Let me first examine the players’ optimal strategies at the end of the game

when the managers inspect their true costs. The donor, anticipating the man-

agers’ behavior, will donate vL to each charity if they both inspect their cost

and find that they have a low production cost. On the other hand, a high type
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will receive only vH , and vL > vH . The donor knows exactly which amounts

he needs to contribute to induce his desired production, and as a result, each

manager will produce the same amount GL = GH = Ĝ. When neither man-

ager A nor manager B inspect their true costs, the donor will maximizes his

expected payoff by contributing ṽ = 1
pβ+(1−p)γ − Ĝ to each charity. As a result,

each manager will produce G̃ = Ĝ.

Lastly, what are the donor’s optimal strategies when one charity manager

inspects, and the other does not? If manager A inspects his production cost,

and finds he is type L, and manager B chooses not to inspect his production

cost, the donor maximizes his utility by contributing to charity A and not

contributing to charity B, for the following reason. If the donor contributes

2vL to charity A, he will induce production of the public good in the amount of

2Ĝ. On the other hand, if the donor contributes vL to charity A and ṽ to charity

B, and as shown earlier ṽ > vL under the condition that α > (1− p)(γ − β),

then the donor would be spending more money, which would not increase the

amount of the public good produced. In other words, since 2vL < vL + ṽ, the

donor should contribute to the charity that will spend vL amount to produce

G = Ĝ. Therefore, the donor should contribute to charity A, since he is able to

verify its production cost, and since this induces the donor’s desired production

of the public good at the lowest possible cost. In the previous section, I have

shown that the contribution to type L has to exceed the contribution to type

H, or vL > vH , in order to achieve the desired production of the public good.

Therefore, the donor should choose charity A over charity B when mA inspects

his production cost and discovers his true type, and mB does not inspect his

production cost, and therefore, mB’s type remains unknown.

The following lemma summarizes the results regarding the donor’s optimal

behavior.

Lemma 3.1. In the game Γ, with competing charities, under the assumption

that α > (1 − p)(γ − β), if both charity managers inspect their production

cost and discover they are type i, the donor contributes vi, i = L,H, to each
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charity, and if neither inspects his true production cost, the donor contributes

ṽ to each charity. If one charity manager inspects, and the other does not, the

donor makes a positive contribution to the charity that inspects its production

cost, and does not contribute to the charity that does not inspect its production

cost.

To summarize the donor’s behavior, I use figure 3.2. The figure presents

contributions made by the donor to each manager, given their types such that

i = L,H. The first entry in the table represents d’s contribution to mA, and

the second entry in the table represents d’s contribution to mB. I stands for

inspect, while NI stands for not inspect.

mi
A

mi
B

I NI
I vi, vi 2vi, 0

NI 0, 2vi ṽ, ṽ

Figure 3.2: Optimal Contributions in Game Γ with Competing Projects

In order to determine the manager’s optimal strategies given the donor’s

contributions as specified in figure 3.2, let me introduce the following notation.5

Let uLm be the manager’s payoff when he receives donation vL and his type is L.

Also, let ũm be the manager’s payoff when he receives donation ṽ. Finally, let

ū be the manager’s payoff when he receives donation 2vL. Omitting subscripts,

the normal form of the game with the payoffs to the manager A listed as the

first entries, and the payoffs to manager B as second, is presented in figure

3.3.

Examining the normal form game in figure 3.3, under special circumstances

stated in lemma 3.2, the dominant strategy for each manager is to inspect his

5In the discussion that follows, I focus on the manager type L in order to simplify
notation. However, the discussion will apply to the manager type H as well, due to the fact
that vH < vL. I explain and discuss this in more detail at the end of the section.
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mL
A

mL
B

I NI
I uL, uL ū, 0

NI 0, ū ũ, ũ

Figure 3.3: Normal Form of the Game Γ with Competing Projects

production cost.6 To see this, consider mA’s optimal play when mB plays I

(inspect). Then mA should also play I, as that guarantees him a payoff of uL

instead of zero. What should mA play if mB plays NI (not inspect)? Under

a certain set of circumstances, mA receives a larger donation, ū, if he plays I

rather than NI, in which case he would receive ũ.

The following lemma summarizes the result of the normal form game in

figure 3.3. Let C = pβ + (1− p)γ, D = α + β, and E = α + γ.

Lemma 3.2. In the game Γ, with competing charities, inspection is the dom-

inant strategy for both managers when Ĝ < 2
(α+β)2

, and Ĝ < 2
√

2C−D
(2D−C)DC

.

So far, I have focused on the decision making behavior of the L manager

type. The analysis is the same when the manager is type H. Since I assume

γ > β, whenever Ĝ < 2
(α+β)2

is satisfied, then it must be that Ĝ < 2
(α+γ)2

.

Therefore, the manager of type H will also prefer to inspect his production cost

when his opponent is inspecting her production cost. Additionally, whenever

Ĝ < 2
√

2C−D
(2D−C)DC

is satisfied, then it must be that Ĝ < 2
√

2C−F
(2F−C)FC

, since F > D.

Therefore, the manager of type H will also prefer to inspect his production

cost when his opponent chooses not to inspect her production cost.

Proposition 3.2. Under the assumption that Ĝ < 2
(α+β)2

, and Ĝ < 2
√

2C−D
(2D−C)DC

,

in the unique SPNE of the game Γ with competing charities, the managers

choose to inspect their true costs and each produces GH = GL = Ĝ. The donor

6In Gintis (2009), players end up in a prisoner’s dilemma game, just as the managers do
in this instance.
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donates vL = 1
(α+β)2

− Ĝ to each manager if they discover they are types L, or

vH = 1
(α+γ)2

− Ĝ otherwise.

Evidently, the mere presence of competition induces the managers to in-

spect their production costs, and consequently, increases social welfare, as the

donor is able to induce the desired production of the public good at the lowest

possible donation. Is this the most efficient mechanism that allows the donor to

obtain the desired amount of the public good at the lowest possible donation?

In other words, is there another mechanism that the donor could institute

to achieve the same production at an even lower donation? I explore these

questions in the next section. Before I do so, let me point out that the results

obtained in this section are sensitive to the assumption that the probability

with which charity A faces the low (high) production cost is equal to the prob-

ability with which charity B faces the same production cost. Intuition suggests

that if this assumption was changed competition between the charities would

not have the same powerful effect, and some other mechanism would be needed

to induce the desired managers’ behavior. I leave this for future work.

3.4 A Donor’s Commitment as a Mechanism

In this section I revert to the original game with only two players, a manager

m and a donor d. The donor’s objective is to induce the manager to inspect his

true production costs. Therefore, the donor sets up a mechanism by offering

to contribute some amount v if the manager is type L; otherwise, the donor

contributes v. If the manager does not inspect his production costs, the donor

has no way of verifying the true production cost and as a result contributes

v. In other words, the donor’s objective is to specify a contract (v, v, Ĝ) such

that the manager’s optimal choice is to inspect his true cost and produce the

donor’s desired amount of the public good, Ĝ.

The manager’s incentive compatibility constraint dictates that the manager

receives at least as much utility from inspecting his true cost as he would
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from not inspecting his true cost. In other words, the incentive compatibility

constraint is,

p

[
2

√
v + Ĝ− (α + β)Ĝ

]
+ (1− p)

[
2

√
v + Ĝ− (α + γ)Ĝ

]
≥

2

√
v + Ĝ− (pβ + (1− p)γ)Ĝ,

which reduces to

√
v + Ĝ−

√
v + Ĝ ≥ Ĝα

2p
. (3.16)

Because there is no reason to pay the manager more than necessary in order

to get him to inspect his true cost, I assume that this constraint holds with

equality.

The manager also needs to have an incentive to accept the donor’s offer,

which means that the manager’s participation constraint has to be satisfied.

Assuming that the manager’s reservation utility is zero, the participation con-

straint is,

p

[
2

√
v + Ĝ− (α + β)Ĝ

]
+ (1− p)

[
2

√
v + Ĝ− (α + γ)Ĝ

]
≥ 0. (3.17)

In other words, the payoff that the manager would need to receive in order to

accept the donor’s offer, has to be at least as much as the manager’s reservation

utility. I also assume that the participation constraint holds with equality.

Using these two constraints I get,

v = Ĝ2 (α + p(pβ + (1− p)γ))2

4p2
− Ĝ, (3.18)

v = Ĝ2 (pβ + (1− p)γ)2

4
− Ĝ. (3.19)

Examining the difference between v and v, I get

v − v = Ĝ2

(
(α + p(pβ + (1− p)γ)2

4p2
− (p(pβ + (1− p)γ)2

4p2

)
. (3.20)
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Since Ĝ > 0 by assumption, if

(α + p(pβ + (1− p)γ)2

4p2
>

(p(pβ + (1− p)γ)2

4p2
, (3.21)

then v > v. Taking the positive square root of both sides in inequality 3.21, it

reduces to α
2p
> 0, which is satisfied for all feasible α, p.

Next, I examine whether this mechanism of the donor’s commitment is a

better device to discipline managers than the markets themselves. To evaluate

this, I compare the amount that the donor contributes when he acts as a

designer, with the amount that he contributes in section 3.3. Namely, I examine

under which circumstances the markets are more efficient, and hence, v−vL >
0 and v − vH > 0.

v − vL = Ĝ2 (α + p(pβ + (1− p)γ))2

4p2
− 1

(α + β)2
. (3.22)

The following lemma states this result.

Lemma 3.3. In the sequential game Γ, when α+p(pβ+(1−p)γ)
2p

(α + β)Ĝ < 1,

competitive pressures are a more efficient mechanism than the donor’s contract

(v, v, Ĝ) that guarantees the desired production of the public good at a maximal

social welfare.

Proof. The proof follows from equation 3.22.

Similarly,

v − vH = Ĝ2 (pβ + (1− p)γ))2

4
− 1

(α + γ)2
. (3.23)

The following lemma states this result.

Lemma 3.4. In the sequential game Γ, when pβ+(1−p)γ
2

(α + γ)Ĝ < 1, com-

petitive pressures are a more efficient mechanism than the donor’s contract

(v, v, Ĝ) that guarantees the desired production of the public good at a maximal

social welfare.

Proof. The proof follows from equation 3.23.
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Proposition 3.3. In the sequential game Γ, under the following conditions,

1. α+p(pβ+(1−p)γ)
2p

(α + β)Ĝ < 1, and

2. pβ+(1−p)γ
2

(α + γ)Ĝ < 1,

competition provides satisfactory incentives for the manager to play the strat-

egy that guarantees the desired production of the public good and the maximal

social welfare, and therefore, is a more efficient mechanism than the donor’s

contract (v, v, Ĝ).

3.5 Conclusion

In this chapter, I modify the model presented in chapter 2 in order to

examine the effects of competitive pressures on the decision making behavior

of the charity manager and the donor. In section 3.2, I set up a game between

the donor and the manager, in which the manager chooses not to inspect his

production costs, and the donor makes a larger contribution in order to assure

the desired production of the public good. In this case, when there is only one

charity, the unique SPNE generates lower social welfare compared to social

welfare that the manager’s inspection of his true costs would generate.

In section 3.3, I bring another charity into the model and allow the donor to

tie his contributions to specific projects. I find that when the donor has a choice

to make contributions to two different charities, and when there is uncertainty

about each charity’s production costs, in equilibrium, the managers choose to

inspect their true costs, and the donor still achieves his desired production of

the public good. Competitive pressures are forcing the managers to inspect

their true costs, which in turn increases social welfare. In a sense, markets

serve as a disciplining device and induce the manager to take actions that

increase the overall social welfare. To evaluate if and under what circumstances

competition provides satisfactory incentives for the manager to induce him to

play the strategies that result in the production of the desired amount of the
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public good, and at the same time, the maximal social welfare, I propose an

alternative mechanism in section 3.4. I find that under special circumstances,

competitive pressures is all that is needed to induce the manager to inspect

his production costs.

The results of the model presented in this chapter rely on two important

assumptions. First, unlike in chapters 2 and 4, in this chapter I assume that

the donor does not possess a warm-glow of giving. However, as I have previ-

ously emphasized, abundant theory and empirical evidence suggests that most

donor’s give away their wealth, at least in part, due to their warm-glow of

giving. Second, I assume that when a competing charity is brought into the

picture, the donor’s bliss-point is the same for both projects. Future work will

entail modifying these assumptions and examining its impact on the results

obtained in this chapter.
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CHAPTER 4

Charitable Giving Under Ambiguity

4.1 Introduction

In this chapter of the dissertation I use an alternative to expected utility

theory known as Choquet expected utility, to model the interaction between

a wealthy donor and a charity manager. Instead of using a probability distri-

bution to model uncertainty, I use a nonadditive probability, also known as

capacity. I do this because I assume that some or all of the probabilities of

potential outcomes of the game are ascertain or unknown to the players. There-

fore, I examine the interaction between the donor and the charity manager in

the presence of ambiguity, where ambiguity refers to situations in which the

players are unable to assign subjective probabilities to uncertain events.

Consider the following example, known as Schmeidler’s Critique, from

Gilboa (2009). There is a bet that has to be made on a coin flip. You have

a coin that you have tested and considered fair. Call this coin Y . You have

tested it enough times that you were able to find that coin Y has a frequency of

Heads of about 50 percent. Therefore, you assign equal probabilities to Heads

and Tails for coin Y .

I also have a coin, but you have no information about my coin. Call this

coin M . Naturally, you are much less confident about coin M than coin Y ,

but due to the principle of indifference you assign equal probabilities for Heads

and Tails for coin M as well. If you were not Bayesian, and did not trust

the principle of indifference, you might have chosen to assign very different

probabilities to coin M , since you have very different information about coin

M than coin Y . Therefore, you would not be an expected utility maximizer.
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Schmeidler argued that the player’s assessment of his own coin’s expected

behavior was more ambiguous than his opponent’s assessment of his coin’s

expected behavior. In other words, if we made a set of states that involved the

outcome of both coin tosses, we could see that you would prefer a bet that

wins a hundred dollars given Heads for coin Y , and nothing otherwise, over

the same bet regarding coin M , even though the Savage’s axiom, also know as

the “sure-thing principle”, suggests that they should be considered indifferent.

Schmeidler’s Critique, and essentially equivalent Ellsberg’s two-urn para-

dox, have motivated a relatively new area of research that uses ambiguity as

an alternative to expected utility theory to model uncertainty. Note that the

questionable assumption here is not the expected utility hypothesis per se.

Rather, it is the Bayesian assumption that all uncertainty can be quantified

in a probabilistic way. However, as we have seen, exhibiting preferences for

known versus unknown probabilities is incompatible with this assumption.

In this chapter of the dissertation, I use the ambiguity approach to model

the interaction of a donor and a charity manager in the presence of uncer-

tainty. Namely, I assume that the donor might not have enough information

to form subjective probabilities regarding the manager’s action. For example,

the donor, in many instances, has to rely on self-reported information about

the charity to which he is contributing. Similarly, the manager may not be

able to form subjective probabilities regarding the donor’s action. This might

be a situation in which a manager is receiving an unsolicited contribution from

a (first time) donor. Therefore, I use Choquet expected utility, an alternative

to expected utility theory, to model the decision making process of the donor

and the manager in the presence of ambiguity.

I now formally present the relevant definitions and explain the model, and

the ambiguity equilibrium solution concept, which I use to solve the model.
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4.2 Definitions

Consider a one-period noncooperative game Γ with two players, i = 1, 2.

Let Si denote player 1’s finite pure strategy set, and S−i player 2’s finite pure

strategy set. Let S stand for the space of all strategy profiles. Denote player

1’s payoff function by u1(si, s−i), and player 2’s payoff function by u2(si, s−i).

Therefore, the game played is Γ = 〈{1, 2} ;S1, S2, u1, u2〉.
I use a model of ambiguity developed by Eichberger et al. (2007) and

utilized by Diamantaras & Gilles (2009). In their models, a special variation

of nonadditive probabilities or capacities is used. Namely, neoadditive capacity

is used to model ambiguous beliefs.

Let x denote a nonadditive probability or a capacity, and let S denote the

set of states.1

Definition 4.1 (Nonadditive probability or capacity). A real-valued set func-

tion x that is defined on the subsets of S and that satisfies a) x(∅) = 0, b)

A ⊂ B implies x(A) ≤ x(B), c) x(S) = 1, is called a nonadditive probability

or a capacity.

Definition 4.2 (Choquet Integral). Let S be a finite set and f be a function

that assigns to every subset S a non-negative number. The function f takes

only a finite number m of values. Write yi for f(Ei) for each one of these

values yi and choose the numbering so that y1 ≥ y2 ≥ · · · ≥ ym ≥ 0. Then the

Choquet Integral of f according to x is∫
S

fdx =
m∑
j=1

(yj − yj+1)x

(
j⋃
i=1

Ei

)
. (4.1)

Let p denote an additive probability distribution on S−i and p(A) =∑
s−i∈A pi(S−i). Let λ, γ ∈ [0, 1]. A special variation of the nonadditive ca-

pacity is neo-additive capacity defined as follows.

1Nonadditive means that x (A ∪B) = x(A)+x(B) does not have to be satisfied whenever
A and B are disjoint.
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Definition 4.3 (Neoadditive capacity). A real-valued set function x that sat-

isfies a) xi(∅) = 0, b) xi(S−i) = 1, c) for each A ⊂ S−i such that A 6= ∅ and

A 6= S−i, xi(A) = λ+ (1− λ− γ)pi(A), is called a neoadditive capacity.

The advantage of using neoadditive capacity is that it allows us to build a

model parsimonious in the number of parameters and still be able to depart

from EUT; players place weights on three terms in their payoff function. One

weight is placed on the player’s most optimistic assessment of what the other

player will play. Another weight is placed on the player’s most pessimistic

assessment of what the other player will play. And the third weight is placed

on the standard expected utility payoff.

Definition 4.4 (Optimistic payoff function). Let the optimistic payoff function

of player i be Mi : Si → R, which assigns to every strategy si ∈ Si of player i

its maximally expected payoff Mi(si) = maxs−i∈S−i
ui(si, s−i).

Definition 4.5 (Pessimistic payoff function). Let the pessimistic payoff func-

tion of player i be mi : Si → R, which assigns to every strategy si ∈ Si of

player i its least expected payoff mi(si) = mins−i∈S−i
ui(si, s−i).

Then, each player’s preferences can be represented as a Choquet integral

with a neo-additive capacity.

Definition 4.6 (Choquet Integral with a Neo-additive Capacity). The Cho-

quet expected value of the utility ui with respect to the neo-additive capacity

xi = λi + (1− λi − γi)pi from playing si is defined by∫
S−i

ui(si, s−i)dx = λiMi(si) + γimi(si) + (1− λi − γi)Epi [ui(si, s−i)]. (4.2)

Equation 4.2 is the Choquet integral of the payoff function for the neoad-

ditive capacity. In the following section, I shall use this formulation of the

neoadditive capacity to model the payoff function of each player in order to

obtain the ambiguity equilibrium. Namely, let λi ∈ [0, 1] measure player i’s

degree of optimism, and γi ∈ [0, 1] measure player i’s degree of pessimism such
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that λi + γi ≤ 1 measures player i’s degree of ambiguity.2 Then, we can define

the ambiguity equilibrium as follows.

Definition 4.7 (Ambiguity equilibrium). A strategy profile s∗ ∈ S is an am-

biguity equilibrium in the game (S, u) for the belief system (λi,Mi; γi,mi)i=1,2

if s∗ is a Nash equilibrium of the modified game (S, û), where for each player

i the modified payoff function is given by equation 4.2.

Note that, since I am dealing with one-dimensional strategy space, I will

pay close attention to a situation where each player is either pessimistic or

optimistic, but not both. In other words, if player i’s degree of optimism is

λi > 0, then I require that the same player’s degree of pessimism be γi = 0,

and vice versa. I summarize this as follows.

Assumption 4.1. For each player i with optimistic beliefs, λi > 0, the degree

of pessimism is γi = 0. Similarly, for each player i with pessimistic beliefs,

γi > 0, the degree of optimism is λi = 0.

4.3 Model Setup

I analyze a one-period simultaneous move game with complete information

and two players: a wealthy donor d and a charity manager m. The source of

uncertainty in the game for each player is the opponent’s strategy.

The donor has budget Ω, which is a portion of his total wealth designated

specifically for charitable purposes. The donor chooses the amount of donation

v ∈ [0,Ω] to contribute to the charity. The charity manager collects the donor’s

donation and uses it to produce some amount of the public good G and/or

to create waste w, which I interpret as a personal gain for the manager. Note

that the amount of actual waste w depends on the donor’s donation, since the

manager cannot waste more than what he receives in donations.3 I assume

2Notice that when λi+γi = 0, the player does not face any ambiguity about the outcomes
of the game, and his payoff reduces to the standard payoff function.

3In section 4.6 I remove this assumption to examine how it affects the model results.
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that one unit of v allows the manager to produce one unit of G. Therefore, I

define waste that the manager creates as w = v −G.

The parameter that measures the degree of selfishness of the manager is φ,

and I assume φ ∈ [0,Ω]. In other words, if φ = 0, the manager is not selfish at

all and cares only about the production of the public good. The larger the φ,

the more selfish the manager.

4.3.1 Payoffs

The donor obtains the following payoff,

ud = Ωv − v (v −G) . (4.3)

Notice that without uncertainty, when the donor knows that none of his do-

nation would be wasted, then he would give away all of his wealth that he

has designated for charitable purposes; he would give v = Ω. In such a case

his payoff would be the product of Ω and G (the second term drops out).

However, since there is uncertainty, which shall be captured by the ambigu-

ity formulation, the first term describes the donor’s ‘warm-glow’. The second

term measures the donor’s ‘disappointment’ or cost when the production of

the public good G is less than the donor’s donation v.

The charity manager obtains the following payoff,

um =

φ(v −G) +Gv − 1
2
G2 if v > G,

0 otherwise.
(4.4)

Parameter φ measures how selfish the manager is. If φ is large, the manager

is very selfish and cares for personal gain/waste perhaps more than for the

social project he is implementing. The first term describes the utility that the

donor derives from creating waste, the second term describes the utility the

manager derives from the production of the public good, and the last term

describes direct costs associated with the production of the public good. Let

the described game be specified as Γ = 〈{d,m} ; v ∈ [0,Ω], G ∈ [0, v], ud, um〉.
In the next section, I examine the Nash equilibrium of the game Γ.
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4.3.2 Nash Equilibrium Before Ambiguity

The Nash equilibrium
(
vNE, GNE

)
of the game Γ is derived as follows

∂ud
∂v

= Ω− 2v +G = 0, (4.5)

vNE =
Ω +G

2
= Ω− φ, (4.6)

∂um
∂G

= −φ+ v −G = 0, (4.7)

GNE = Ω− 2φ. (4.8)

Lemma 4.1. In the Nash equilibrium of the game Γ, vNE > 0 for all φ ∈
[0,Ω); GNE > 0 for all φ ∈ [0, Ω

2
).

In other words, in the Nash equilibrium of the game Γ, the donor will make

a positive contribution almost always, irrespective of how selfish the manager

is (unless the manager is extremely selfish, or φ = Ω). On the other hand, the

manager’s production of the public good depends on how selfish the manager

is. Namely, when the manager cares for waste a lot, or when φ ≥ Ω
2
, he will

choose not to produce the public good.

I can now derive the resulting amount of waste that the manager produces

in the Nash equilibrium.

wNE = vNE −GNE = φ. (4.9)

Waste production increases as the manager becomes more selfish or as φ in-

creases. If the manager is selfless, φ = 0, there will be no waste produced in the

equilibrium. Conversely, if the manager is selfish, φ > 0, there will be waste

produced in the equilibrium.

Note that the donor’s donation and the production of the public good are

both decreasing in φ and increasing in Ω, as expected.

∂vNE

∂φ
= −1 < 0,

∂GNE

∂φ
= −2 < 0; (4.10)

∂vNE

∂Ω
= 1 > 0,

∂GNE

∂Ω
= 1 > 0. (4.11)
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As the manager becomes more selfish, or as φ increases, the donor’s contri-

bution v falls, and the amount of the public good G produced falls. As the

donor increases his budget available for charitable purposes Ω, the amount of

his donation v increases, and the production of the public good G increases.

In the next section, I introduce ambiguity and examine how it affects the

interaction between the donor and the charity manager.

4.3.3 Ambiguous Beliefs

I have defined extreme optimistic beliefs of the donor in definition 4.4. In

other words, optimistic beliefs of the donor are defined as the highest payoff

she can obtain given the other player’s activity. This is the case where G is

maximal, or G = v.

Md(v) = Ωv. (4.12)

Conversely, I have defined the extreme pessimistic beliefs of the donor in defi-

nition 4.5. These beliefs are specified as the lowest payoff the donor can obtain

given the other player’s activity. This is the case where G is minimal, or G = 0.

md(v) = Ωv − v2. (4.13)

Similarly, the manager’s extreme optimistic beliefs are defined in terms of the

highest payoff that he can obtain given the other player’s activity. This is the

case where the donor gives all his budget, or v = Ω.

Mm(G) = φ(Ω−G) +GΩ− G2

2
(4.14)

The manager’s extreme pessimistic beliefs are defined in terms of the lowest

payoff that he can obtain given the other player’s activity. This is the case

where the donor gives nothing, or v = 0.

mm(G) = 0. (4.15)

To consider ambiguity equilibria for different sets of degrees of optimism

and pessimism, let the donor’s degrees of optimism and pessimism be λd, γd,
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and the manager’s λm, γm. I modify the players’ payoff functions according to

the above specification of the players’ beliefs, and then solve for the ambiguity

equilibria under these extreme beliefs.

The donor’s modified payoff function is as follows,

ûd = λdMd + γdmd + (1− λd − γd)ud,

ûd = Ωv − (1− λd)v2 + (1− λd − γd)vG.

Differentiating ûd with respect to v and setting it equal to 0 yields the donor’s

best response function,

BRd(G
∗) =

Ω + (1− λd − γd)G∗
2(1− λd)

. (4.16)

The manager’s modified payoff function is as follows,

ûm = λmMm + γmmm + (1− λm − γm)um,

ûm = λm

[
φ(Ω−G) +GΩ− G2

2

]
+ (1− λm − γm)

[
φ(v −G) +Gv − G2

2

]
.

Differentiating ûm with respect to G and setting it equal to 0 yields the

manager’s best response function,

BRm(v∗) =
λmΩ + (1− λm − γm)v∗

1− γm
− φ. (4.17)

Given assumption 4.1, I can further specify the equilibrium donation v∗ and

the production of the public good G∗. There will be several cases; the players

may have symmetrically biased beliefs; or one player may be pessimistically

biased, and the other player optimistically biased.

• Case 11, when both players have optimistic beliefs4;

• Case 22, when both players have pessimistic beliefs5;

4λd = λm > 0 and γd = γm = 0 in both equation 4.16 and equation 4.17.
5λd = λm = 0 and γd = γm > 0 in both equation 4.16 and equation 4.17.
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• Case 12, when the donor is optimistically biased, and the manager is

pessimistically biased6;

• Case 21, when the donor is pessimistically biased, and the manager is

optimistically biased7.

Let v∗11 and G∗11 denote equilibrium amounts of the donation and of the

public good produced, respectively, when the conditions in case 11 are satisfied.

Let v∗22 and G∗22 denote equilibrium amounts of the donation and of the public

good produced, respectively, when the conditions in case 22 are satisfied. Let

v∗12 and G∗12 denote equilibrium amounts of the donation and of the public

good produced, respectively, when the conditions in case 12 are satisfied. Let

v∗21 and G∗21 denote equilibrium amounts of the donation and of the public

good produced, respectively, when the conditions in case 21 are satisfied. After

making the appropriate substitutions for λ and γ, and solving a linear system

of two equations with two unknowns, v and G, I get,

v∗11 =
Ω(1 + λ− λ2)− φ(1− λ)

(1− λ2)
, (4.18)

G∗11 =
Ω + 2λΩ− 2φ

(1 + λ)
, (4.19)

v∗22 =
Ω− φ(1− γ)

1 + γ
, (4.20)

G∗22 =
Ω− 2φ

(1 + γ)
. (4.21)

v∗12 =
Ω

(1− λd)
− φ, (4.22)

G∗12 =
Ω

(1− λd)
− 2φ, (4.23)

6λd > 0 and γd = 0 in equation 4.16, and λm = 0 and γm > 0 in equation 4.17.
7λd = 0 and γd > 0 in equation 4.16, and λm > 0 and γm = 0 in equation 4.17.
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v∗21 =
Ω(1 + λm − λmγd)− φ(1− γd)

1 + λm + γd − γdλm
, (4.24)

G∗21 =
Ω(1 + λm)− 2φ

(1 + λm + γd − γdλm)
. (4.25)

Lemma 4.2. In the ambiguity equilibrium of the game Γ, for any φ that

satisfies φ ∈ [0,Ω], and any λ, γ ∈ (0, 1), v∗11, v
∗
22, v

∗
12, v

∗
21 ≥ 0.

Recall lemma 4.1. Compared to the Nash equilibrium, ambiguity does not

impose any additional restrictions on the value of the parameter φ that would

result in a positive donor’s contribution.

Lemma 4.3. In the ambiguity equilibrium of the game Γ, for any φ that

satisfies φ ∈ [0,Ω] and for any λ ∈ (0.5, 1], G∗11 > 0. On the other hand, for

any λ ∈ (0, 0.5], the public good G∗11 > 0 when φ < Ω
2

.

The interpretation of this result is that when the players are extremely

optimistic, as measured by high λ, the public good will be produced regardless

of how selfish the manager is. On the other hand, the manager will produce

the public good when he is not very selfish, as measured by φ < Ω
2
, only if he

is also not extremely optimistic about the donor’s donation, as measured by

low λ.

Lemma 4.4. In the ambiguity equilibrium of the game Γ, for any φ that

satisfies φ < Ω
2

, and for any γ ∈ (0, 1), G∗22 > 0.

In the context of the selfishness of the manager, the symmetric equilib-

rium with pessimistically biased players is the same as the Nash equilibrium.

When the players are pessimistically biased, ambiguity does not impose addi-

tional restrictions on the parameter φ that would result in a positive donor’s

contribution.

Lemma 4.5. In the ambiguity equilibrium of the game Γ, for any φ that

satisfies φ < Ω
2(1−λ)

, and for any λ ∈ (0, 1), G∗12 > 0.
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Figure 4.1: Values of φ and λ that result in G∗12 > 0

A graphical representation of lemma 4.5 in figure 4.1 shows the relative

values of φ and λ that would assure a positive G∗12. The graph shows that

for some λ ∈ (0, 1), the values of φ that lie below the curved line make G∗12

positive for some fixed feasible Ω.

Lemma 4.6. In the ambiguity equilibrium of the game Γ, for any φ that

satisfies φ < Ω(1+λ)
2(1+λ+γ−λγ)

, and for any λ, γ ∈ (0, 1), G∗21 > 0.

Figure 4.2 represents the values of φ and γ, for some fixed feasible values

of Ω and λ, that would assure positive production of the public good G∗21.

Namely, the values of φ that satisfy the condition described in lemma 4.6 lie

below the curved line and to the left of γ = 1.

Similarly, figure 4.3 represents the values of φ and λ, for some fixed feasible

values of Ω and γ, that would assure positive production of the public good

G∗21. Namely, the values of φ that satisfy the condition described in lemma 4.6

lie below the curved line and to the left of λ = 1.

In the next section I derive comparative statics based on these results.
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Figure 4.2: Values of φ and γ that result in G∗21 > 0

4.4 Comparative Statics

In this section, I derive comparative statics to examine how the donor’s

contribution v and the manager’s production of the public good G vary with

ambiguity.

4.4.1 Symmetric Beliefs

I first look at the symmetric ambiguity when the players, both the donor

and the manager, are optimistically biased, or when λd = λm > 0 and γd =

γm = 0.

Equations 4.26 and 4.27 describe how the donor’s equilibrium contribution

and the manager’s equilibrium production of the public good vary with the

players’ optimism as measured by parameter λ.

Proposition 4.1. In a symmetric case of optimistically biased players in the

game Γ, as the degree of optimism λ increases, ceteris paribus, the donor’s

contribution v rises.

Proof. Note that

∂v∗11

∂λ
=
φ(1− λ)2 + Ω(1 + λ2)

(1− λ2)2
> 0. (4.26)
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Figure 4.3: Values of φ and λ that result in G∗21 > 0

For all λ ∈ (0, 1), both the numerator and the denominator in 4.26. Therefore,

4.26 is positive.

The interpretation of this result is that as the optimistically biased donor

becomes more optimistic, his contribution level increases.

Proposition 4.2. In a symmetric case of optimistically biased players in the

game Γ, as the degree of optimism λ increases, ceteris paribus, the total pro-

duction of the public good G rises.

Proof. Note that
∂G∗11

∂λ
=

Ω + 2φ

(1 + λ)2
> 0. (4.27)

Since both the numerator and the denominator in equation 4.27 are positive

for all λ ∈ (0, 1), Ω > 0, and φ ∈ [0,Ω], equation 4.27 is positive.

This result implies that as the optimistically biased manager becomes more

optimistic, the level of the public good that he produces also increases.

Next I look at the symmetric case of pessimistic beliefs, and examine how

the donor’s contribution and the manager’s production of the public good vary

with changes in the degree of pessimism.
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Proposition 4.3. In a symmetric case of pessimistically biased players in the

game Γ, for all φ ∈ (Ω
2
,Ω), as the degree of pessimism γ increases, the amount

of the donor’s contribution v increases.

Proof. Note that
∂v∗22

∂γ
=

2φ− Ω

(1 + γ)2
. (4.28)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.28

is always positive, the sign of equation 4.28 depends on the sign of (2φ− Ω).

If Ω
2
< φ, then

∂v∗22
∂γ

is positive.

The interpretation of this result is that a donor who faces a relatively

selfish manager, φ > Ω
2
, will increase his donation as the degree of pessimism

increases. One explanation is that, although the donor faces a selfish manager

and fears that his donation will be wasted, he anticipates that the increased

donation, as his response to an increase in the degree of pessimism, will also

increase the production of the public good. In other words, this case could

represent a donor whose warm-glow is very strong and who derives more utility

from the production of the public good than disutility from waste creation.

The donor is willing to pay the price of an increased waste in order to increase

the production of the public good.

Proposition 4.4. In a symmetric case of pessimistically biased players in

the game Γ, for all φ ∈ (Ω
2
,Ω), as the degree of pessimism γ increases, the

production of the public good G increases.

Proof. Note that
∂G∗22

∂γ
=

2φ− Ω

1 + γ
. (4.29)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.29

is always positive, the sign of equation 4.29 depends on the sign of (2φ− Ω).

If Ω
2
< φ, then

∂G∗22
∂γ

is positive.

When the manager is selfish, as measured by a relatively high magnitude

of φ, an increase in the degree of pessimism γ will result in a larger production
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of the public good. I explain this as follows. A pessimistic manager, who is ex-

tremely selfish and derives utility from waste creation, prefers to produce more

public good as he becomes more pessimistic. In this instance, the pessimistic

manager believes that the donor is not going to make a large contribution,

hence, the satisfaction that the manager would derive from waste creation

might not be as large as the satisfaction the manager would derive from ad-

ditional production of the public good. In this instance, the manager would

choose to produce more public good.

Next, I examine what happens in the asymmetric ambiguity equilibria.

4.4.2 Asymmetric Beliefs

This section examines the asymmetric ambiguity with an optimistically

biased donor, hence λd > 0, γd = 0, and a pessimistically biased manager,

hence λm = 0, γm > 0.

Proposition 4.5. In a case of asymmetric ambiguity in the game Γ, where

the donor is optimistically biased and the manager is pessimistically biased, for

all λd ∈ (0, 1), as the degree of optimism λd increases, the donor’s contribution

and the manager’s production of the public good rise.

Proof. Note that
∂v∗12

∂λd
=

Ω

(1− λd)2
> 0. (4.30)

∂G∗12

∂λd
=

Ω

(1− λd)2
> 0. (4.31)

Proposition 4.5 states that an increase in the donor’s optimism results

in a larger contribution and a greater production of the public good. If the

donor is more optimistic about the manager’s production of the public good,

he will choose to contribute more as he expects that his larger contribution

will result in a greater production of the public good. On the other hand,
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the pessimistically biased manager chooses to produce more public good in

response to an increase in the donor’s optimism.

Proposition 4.6. In a case of asymmetric ambiguity in the game Γ, where

the donor is pessimistically biased and the manager is optimistically biased,

for all λm, γd ∈ (0, 1), as the degree of optimism λm increases, the donor’s

contribution v rises.

Proof. Note that

∂v∗21

∂λm
=
φ(1− γd) + Ωγd(λmγd − γd − λm)

(1 + λm + γd − λmγd)2
(4.32)

Since λmγd− γd− λm < 0 for all λm, γd ∈ (0, 1), then φ(1− γd) > Ωγd(λmγd−
γd − λm)

The donor increases his donation in response to an increase in the man-

ager’s degree of optimism. The donor correctly anticipates that an optimisti-

cally biased manager will produce more public good as he becomes more op-

timistic. As a result, the donor increases his donation.

Proposition 4.7. In a case of asymmetric ambiguity in the game Γ, where

the donor is pessimistically biased and the manager is optimistically biased,

for all λm, γd ∈ (0, 1), as the degree of pessimism γd increases, the donor’s

contribution v rises.

Proof. Note that

∂v∗21

∂γd
=
φ(2− λm − λmγd)− Ω(λ2

m − λ2
mγd − 1)

(1 + λm + γd − λmγd)2
> 0. (4.33)

Since (λ2
m − λ2

mγd − 1) < 0 for all λm, γd ∈ (0, 1), equation 4.33 is positive.

One explanation for this result is that as the donor becomes more pes-

simistic about the production of the public good, he increases his donation to

offset the potential reduction in the amount of the public good produced.
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Proposition 4.8. In a case of asymmetric ambiguity in the game Γ, where

the donor is pessimistically biased and the manager is optimistically biased,

for all λm, γd ∈ (0, 1), as the degree of optimism λm increases, the production

of the public good G rises.

Proof. Note that

∂G∗21

∂λm
=

2φ+ γd(1− λm)Ω

(1 + λm + γd − λmγd)2
> 0. (4.34)

The interpretation of this result is as follows. As the manager becomes

more optimistic about the magnitude of the donor’s contribution, he adjusts

his production of the public good by increasing the amount of G that he

produces.

Proposition 4.9. In a case of asymmetric ambiguity in the game Γ, where

the donor is pessimistically biased and the manager is optimistically biased,

for all λm, γd ∈ (0, 1), as the degree of pessimism γd increases, the production

of the public good G rises if and only if φ ∈ (Ω1−λm
2
,Ω).

Proof. Note that
∂G∗21

∂γd
=

2φ− Ω(1− λm)

(1 + λm + γd − λmγd)2
. (4.35)

The manager, who has φ > Ω1−λm
2

, responds to the donor’s increased

pessimism by increasing the production of the public good.

The next section discusses the comparative statics results for other model

parameters.

4.4.3 Comparative Statics for Ω and φ

In this section I derive comparative statics to examine how the donor’s

contribution v and the manager’s production of the public good G vary with

the donor’s budget Ω and the manager’s selfishness parameter φ.
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Equations 4.36 – 4.39 describe how the donor’s equilibrium contribution

varies with the donor’s budget available for charitable purposes Ω.

Proposition 4.10. In the game Γ, in all ambiguity equilibria, for all λ, γ ∈
(0, 1), the donor’s contribution v rises as the donor’s budget Ω increases, ce-

teris paribus.

Proof. Note that
∂v∗11

∂Ω
=

1 + λ− λ2

1− λ2
> 0; (4.36)

∂v∗22

∂Ω
=

1

1 + γ
> 0; (4.37)

∂v∗12

∂Ω
=

1

1− λd
> 0; (4.38)

∂v∗21

∂Ω
=

1 + λm − λmγd
1 + λm + γd − λmγd

> 0. (4.39)

As expected, a larger budget for charitable causes results in greater con-

tributions, irrespective of the donor and manager’s beliefs.

Equations 4.40 – 4.43 describe how the manager’s equilibrium production

of the public good G varies with the donor’s budget available for charitable

purposes Ω.

Proposition 4.11. In the game Γ, in all ambiguity equilibria, for all λ, γ ∈
(0, 1), the manager’s production of the public good G rises as the donor’s budget

Ω increases, ceteris paribus.

Proof. Note that
∂G∗11

∂Ω
=

1 + 2λ

1 + λ
> 0; (4.40)

∂G∗22

∂Ω
=

1

1 + γ
> 0; (4.41)
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∂G∗12

∂Ω
=

1

1− λd
> 0; (4.42)

∂G∗21

∂Ω
=

1 + λm
1 + λm + λd − λmγd

> 0. (4.43)

Similarly to proposition 4.10, proposition 4.11 states that a larger bud-

get for charitable causes results in a greater production of the public good,

irrespective of the donor and manager’s beliefs.

Equations 4.44 – 4.47 describe how the donor’s equilibrium contribution

varies with the manager’s selfishness as measured by parameter φ.

Proposition 4.12. In the game Γ, in all ambiguity equilibria, for all λ, γ ∈
(0, 1), the donor’s contribution v falls, as the manager becomes more selfish,

ceteris paribus.

Proof. Note that
∂v∗11

∂φ
=

λ− 1

1− λ2
< 0; (4.44)

∂v∗22

∂φ
=
γ − 1

1 + γ
< 0; (4.45)

∂v∗12

∂φ
= −1 < 0; (4.46)

∂v∗21

∂φ
=

γ − 1

1 + γd + λm − γdλm
< 0. (4.47)

The donors’s contribution decreases as the manager becomes more selfish.

The donor anticipates that a more selfish manager will produce less public

good G and create more waste w, and therefore, the donor gives a smaller

contribution v.
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Equations 4.48 – 4.51 describe how the manager’s equilibrium production

of the public good G varies with the manager’s selfishness as measured by

parameter φ.

Proposition 4.13. In the game Γ, in all ambiguity equilibria, for all λ, γ ∈
(0, 1), the manager’s production of the public good G falls, as the manager

becomes more selfish, ceteris paribus.

Proof. Note that
∂G∗11

∂φ
=
−2

1 + λ
< 0; (4.48)

∂G∗22

∂φ
=
−2

1 + γ
< 0; (4.49)

∂G∗12

∂φ
= −2 < 0. (4.50)

∂G∗21

∂φ
=

−2

1 + γd + λm − γdλm
< 0. (4.51)

As the manager becomes more selfish, ceteris paribus, he chooses to pro-

duce less public good.

The next section examines each equilibrium’s efficiency, which is defined

in terms of waste produced in the given equilibrium. The Nash equilibrium

results are compared with the results of ambiguity equilibria.

4.5 Efficiency of Equilibria: Waste Compar-

isons

In this section, I compare the efficiency of Nash equilibrium with the ef-

ficiency of the ambiguity equilibrium in terms of the waste created in each

equilibrium. To evaluate the efficiency of the equilibria of the game Γ, I exam-

ine the amount of waste produced in each equilibrium. In other words, I do
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not employ the standard definition of Pareto efficiency. Instead, I define the

most efficient equilibrium as follows.

Definition 4.8. The most efficient equilibrium in the game Γ is an equilibrium

which produces the smallest amount of waste w.

Let wNE denote the waste created in Nash equilibrium; w11 denotes the

waste created in the symmetric ambiguity equilibrium when both players are

optimistically biased; w22 denotes the waste created in the symmetric ambi-

guity equilibrium when both players are pessimistically biased; w12 denotes

the asymmetric ambiguity equilibrium when the donor is optimistically biased

and the manager is pessimistically biased; w21 denotes waste in the asymmet-

ric ambiguity equilibrium when the donor is pessimistically biased and the

manager is optimistically biased. The results are summarized in table 4.1.

wNE = w22 = w12 = φ

w11 = [λ2Ω + φ(1− λ)]/ (1− λ2)

w21 = [φ(1 + γd)]/ (1 + λm + γd − λmγd)

Table 4.1: Waste

Proposition 4.14. In the game Γ, the Nash equilibrium, the symmetric ambi-

guity equilibrium with pessimistically biased players, and the asymmetric equi-

librium with an optimistically biased donor and a pessimistically biased man-

ager, are all equally efficient, since they all result in the same amount of waste

creation.

Proposition 4.15. In the game Γ, the symmetric equilibrium with optimisti-

cally biased players results in a greater waste creation than the asymmetric

equilibrium with a pessimistically biased donor and an optimistically biased

manager.

Ranking all the equilibria of the game Γ in terms of their respective ef-

ficiency or waste creation, the Nash equilibrium, the symmetric ambiguity
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equilibrium with pessimistically biased players, and the asymmetric equilib-

rium with an optimistically biased donor and a pessimistically biased manager,

are equally desirable. The asymmetric equilibrium with a pessimistically bi-

ased donor and an optimistically biased manager is most desirable since it

results in the least amount waste.

4.6 Unrestricted Manager’s Payoff

In the previous sections, my analysis was based on a restricted manager’s

payoff. Namely, I require that the manager’s lowest payoff, given his extreme

pessimistic beliefs, be no less than zero. In this section, I present the results

with the unrestricted manager’s payoff.8 In other words, given the manager’s

extreme pessimistic beliefs about the donor’s activity, which is v = 0, the

manager’s payoff is defined as follows,

mm = −φG− G2

2
. (4.52)

As a result, the manager’s modified payoff function is as follows,

ûm =λm

(
φΩ− φG+GΩ− G2

2

)
+ γm

(
−φG− G2

2

)
+ (1− λm − γm)

(
φv − φG+Gv − G2

2

)
.

Differentiating ûm with respect to G yields,

G∗ = λm (Ω− v) + v(1− γm)− φ. (4.53)

Remark 4.1. Note that allowing the manager’s lowest payoff to be less than

zero, given his extreme pessimistic beliefs in the game Γ, will not affect the sym-

metric ambiguity equilibrium when both players are optimistically biased (case

11), and the asymmetric ambiguity equilibrium when the donor is pessimisti-

cally biased and the manager is optimistically biased (case 21). Therefore, I

present the results for case 22 and case 12 only.

8Note that this does not change the donor’s activity, so I still use equation 4.16 to derive
the ambiguity equilibria.
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Let Ĝ designate the manager’s production of the public good, given the new

specification of the manager’s payoff, and v̂ the donor’s corresponding dona-

tion. Solving the linear system of equations 4.16 and 4.53 with two unknowns,

Ĝ and v̂, I obtain the following results.

v̂22 =
Ω(1− γ)− 2φ

(1 + γ)2
; (4.54)

Ĝ22 =
Ω− φ(1− γ)

(1 + γ)2
; (4.55)

v̂12 =
Ω− φ(1− λ)

1− λ2
; (4.56)

Ĝ12 =
Ω− 2φ

1 + λ
. (4.57)

The only significant changes in comparative statics results pertain to vari-

ations in the donor’s contribution and the manager’s production of the public

good as the result of the changes in the ambiguity parameters, λ and γ. There

are no changes in the signs of equations 4.37, 4.38, 4.41, 4.42, 4.45, 4.46, 4.49,

and 4.50.

Next, I present the new comparative statics results, which are slightly

different from the results in section 4.4.2. For ease of reference, the results are

listed below.

∂v̂22

∂γ
=
φ(3− γ)− 2Ω

(1 + γ)3
;

∂Ĝ22

∂γ
= −2(Ω(1− γ)− 2φ)

(1 + γ)3
− Ω

(1 + γ)2
;

∂v̂12

∂λ
=

2λ(Ω− (1− λ)φ)

(1− λ2)2
+

φ

1− λ2
;

∂Ĝ12

∂λ
=

2φ− Ω

(1 + λ)2
.

I summarize these results in the following propositions.
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Proposition 4.16. In a symmetric case of pessimistically biased players in

the game Γ, for all φ ∈ ( 2Ω
3−γ ,Ω), as the degree of pessimism γ increases, the

amount of the donor’s contribution v̂ increases.

Proof. Note that
∂v̂22

∂γ
=
φ(3− γ)− 2Ω

(1 + γ)3
. (4.58)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.58 is

always positive, the sign of equation 4.58 depends on the sign of φ(3−γ)−2Ω.

If 2Ω
3−γ < φ, then ∂v̂22

∂γ
is positive.

Proposition 4.17. In a symmetric case of pessimistically biased players in

the game Γ, for all φ ∈ (Ω(3−γ)
4

,Ω), as the degree of pessimism γ increases, the

production of the public good Ĝ increases.

Proof. Note that
∂Ĝ22

∂γ
=

4φ− Ω(3− γ)

(1 + γ)3
. (4.59)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.59 is

always positive, the sign of equation 4.59 depends on the sign of the numerator.

If Ω(3−γ)
4

< φ, then ∂Ĝ22

∂γ
is positive.

Proposition 4.18. In the asymmetric ambiguity equilibrium of the game Γ,

with an optimistic donor and a pessimistic manager, for all φ ∈ [0,Ω], as

the degree of optimism λ increases, the amount of the donor’s contribution v̂

increases.

Proof. Note that

∂v̂12

∂λ
=

2λ(Ω− (1− λ)φ)

(1− λ2)2
+

φ

1− λ2
> 0. (4.60)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.61 is

always positive, the sign of equation 4.61 depends on the sign of the numerator.

Rearranging the numerator to obtain 2λ(Ω−φ)+φ(1+λ2), I find that equation

4.60 is always positive.
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Proposition 4.19. In the asymmetric ambiguity equilibrium of the game Γ,

with an optimistic donor and a pessimistic manager, for all φ ∈ (Ω
2
,Ω), as

the degree of optimism λ increases, the amount of the public good produced Ĝ

increases.

Proof. Note that
∂Ĝ12

∂λ
=

2φ− Ω

(1 + λ)2
. (4.61)

Recall that γ ∈ (0, 1) and φ ∈ [0,Ω]. Since the denominator in equation 4.61

is always positive, the sign of equation 4.61 depends on the sign of 2φ− Ω. If

Ω
2
< φ, then ∂Ĝ12

∂λ
is positive.

Consequently, the resulting waste is also different. Let ŵ be the waste

created in the two equilibria when the manager’s payoff is unrestricted.

ŵ22 =
λΩ + φ(1− λ)

1− λ2
; (4.62)

ŵ12 =
γΩ + φ(1 + γ)

(1 + γ)2
. (4.63)

Proposition 4.20. In the ambiguity equilibrium of the game Γ, with an opti-

mistic donor and a pessimistic manager (case 12), and in the ambiguity equi-

librium of the game Γ, with pessimistic players (case 22), the amount of waste

created when the manager’s payoff is unrestricted is larger than the amount of

waste created when the manager’s payoff is restricted.

Proof. To prove this, I show that ŵ22 − w22 > 0 and ŵ12 − w12 > 0 for all

feasible φ,Ω, γ, λ.

ŵ22 − w22 =
φλ

1− λ + λΩ > 0, , (4.64)

ŵ12 − w12 = γΩ− γφ

1 + γ
> 0. (4.65)
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Additionally, notice that since w22 = w12 = wNE, then the Nash equi-

librium results in a smaller waste production than the ambiguity equilibria

in question. To get a better idea about the amount of waste created in each

equilibrium, I fix Ω and φ, and assume the degrees of pessimism and optimism

of same magnitudes. Under these special circumstances, I can rank the waste

created in the ambiguity equilibria as follows.

w21 < wNE < w11 < ŵ12 < ŵ22. (4.66)

However, how do the amounts of waste created in different cases compare

to each other when the players don’t have the same levels of pessimism and

optimism? I generalize this result via pairwise comparison of waste creation

as follows.

Proposition 4.21. In the game Γ with unrestricted manager’s payoff, when

λ ≥ γ, the amount of waste created when both managers are pessimistic is

larger than the amount of waste created when the donor is optimistic and the

manager pessimistic.9

Proof. Note that

ŵ22 − ŵ12 = φ
γ + λ

(1− λ)(1 + γ)
+ Ω(λ− γ) > 0, (4.67)

for all feasible values of Ω, φ, γ, λ.

4.7 Conclusion

Expected utility theory has been criticized for relying on the assumption

that decision makers, in the presence of uncertainty, face a known probability

distribution over possible outcomes of their action choices. In this chapter,

I use an alternative to expected utility theory, Choquet expected utility, to

model the interaction between a wealthy donor and a charity manager in the

9If λ < γ, then it must be that φ > Ω (1−λ0(1+γ)(γ−λ)
γ+λ for ŵ22 > ŵ12.
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presence of ambiguity. Namely, I assume that some or all of the probabilities

of potential outcomes of the game are unknown to the donor and the manager.

To model ambiguity in my contributions and public good production game,

I modify the players’ strategies according to the ambiguity equilibrium formu-

lation of Eichberger et al. (2007). Namely, they show that in an ambiguity equi-

librium players are concerned with three terms in their payoff functions. The

modified utility of each player is expressed as the sum of the player’s weighted

optimistic beliefs, pessimistic beliefs, and the standard expected utility payoff.

I find that compared to the Nash equilibrium, ambiguity does not impose

any additional restrictions on the value of the parameter φ, which describes

how selfish the manager is, that yields a positive donor’s contribution. In-

tuitively, we might expect that when the players are extremely pessimistic,

particularly the donor, he would make a contribution only when the manager

is not too selfish, or when φ is low. In other words, we might expect that the

donor’s pessimism be offset by the manager’s selfishness, which would affect

the conditions under which the donor makes a positive contribution. However,

the results suggest that this not the case.

Another finding is that when ambiguity is introduced, the public good is

produced whenever both players are extremely optimistic, regardless of how

selfish the manager is. However, recall that in the Nash equilibrium, the public

good is produced only when the manager’s degree of selfishness satisfies φ < Ω
2
,

which is also the ambiguity equilibrium result when both players are extremely

pessimistic. Nonetheless, the amounts of the public good produced and the

donor’s contribution are generally smaller in the ambiguity equilibria than in

the Nash equilibrium.

Lastly, I evaluate efficiencies of the given equilibria, which I define in terms

of waste created in each equilibrium. I find that when I restrict the manager’s

worst payoff to no less than zero, then the waste created in the Nash equi-

librium is the same as the waste created in the symmetric equilibrium with

pessimistically biased players and the waste created in the asymmetric equi-

librium with an optimistic donor and a pessimistic manager. However, when
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the manager’s payoff is not restricted in this fashion, the Nash equilibrium

is the second best in terms of efficiency, and the symmetric equilibrium with

pessimistically biased players is the least efficient equilibrium.

In the future, the ambiguity model presented in this chapter may be utilized

to empirically investigate whether donors and charity managers’ behave as

expected utility maximizers or if an alternative theory is required to explain

the decision making process of the players in the charitable sector games.
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APPENDIX A

Lemma Proofs

Proof of Lemma 2.1: The good manager type, regardless of his true costs,

produces the maximum feasible amount of the public good in both periods,

since this will maximize his expected utility. In other words, if the manager

type is (good, cH), he will produce G1 = F
cH

, which gives him EU = F
cH

+ G∗2,

where G∗2 = Ω−F
cH

. It is infeasible for him to produce G1 = F
cL

. If he produces

G1 = 0, his expected utility is EU = 0. Similar analysis goes for the manager

type (good, cL). This manager type will not pretend to be type (good, cH) since

F
cL
> F

cH
. Being truthful and producing F

cL
in the first period will result in the

highest expected utility for the manager. Therefore, the dominant strategy for

the good manager type is to be honest and produce G1 = F
cL

and G2 = Ω−F
cL

whenever he is a low-cost type, or G1 = F
cH

and G2 = Ω−F
cH

whenever he is a

high-cost type. There are no profitable deviations for the good manager type.

Proof of Lemma 2.2: (bad, cH) manager type has a choice to either pretend

to be a good manager or to reveal his true type. In other words, the manager

can play the following:

1. G∗1 = F
cH

, in which case his expected utility is EU b,cH

m = 0 + (Ω− F ), or

2. G∗1 = 0, in which case his expected utility is EU b,cH

m = F .

Playing F
cL

is infeasible since F
cL

> F
cH

, and this manager type can afford to

produce at most F
cH

. The manager will choose to reveal his true type if F ≥ 1
2
Ω,

as this will maximize his expected utility.
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Proof of Lemma 2.3: (bad, cH) manager type has a choice to either pretend

to be a good manager or to reveal his true type. In other words, the manager

can play the following:

1. G∗1 = F
cH

, in which case his expected utility is EU b,cH

m = 0 + (Ω− F ), or

2. G∗1 = 0, in which case his expected utility is EU b,cH

m = F .

Playing F
cL

is infeasible since F
cL

> F
cH

, and this manager type can afford to

produce at most F
cH

. The manager will choose to pretend if F < 1
2
Ω, as this

will maximize his expected utility.

Proof of Lemma 2.4: (b, cL) manager type also has a choice to either pre-

tend to be a good manager or to reveal his true type. Let
(
cH − cL

)
G∗1 = w̃1

be the amount of waste that this bad manager type can create in the first

period if he pretends to be a good manager with high production costs. In

other words, the manager produces G∗1 = F
cH

. Therefore, the manager can play

the following:

1. G∗1 = F
cL

, in which case his expected utility is EU b,cL

m = 0 + (Ω− F ),

2. G∗1 = F
cH

, in which case his expected utility is EU b,cL

m = w̃1 + (Ω−F ), or

3. G∗1 = 0, in which case his expected utility is EU b,cL

m = F .

Playing F
cL

is feasible since F
cL
> F

cH
, and this manager type can afford to pro-

duce at most F
cL

. Notice that if this bad manager type decides to impersonate

a good manager type he will always find it more profitable to pretend to be

(g, cH) type than (g, cL) type since w̃1 + (Ω − F ) ≥ (Ω − F ). Therefore, he

will never choose to impersonate (g, cL) type. When F ≥ cHΩ
cH+cL

, pretending to

be a good type will not result in a higher expected utility, and therefore, this

manager type will choose to reveal his true type by creating the maximum

amount of waste in the first period.

Proof of Lemma 2.5: (b, cL) manager type also has a choice to either pre-

tend to be a good manager or to reveal his true type. Let
(
cH − cL

)
G∗1 = w̃1
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be the amount of waste that this bad manager type can create in the first

period if he pretends to be a good manager with high production costs. In

other words, the manager produces G∗1 = F
cH

. Therefore, the manager can play

the following:

1. G∗1 = F
cL

, in which case his expected utility is EU b,cL

m = 0 + (Ω− F ),

2. G∗1 = F
cH

, in which case his expected utility is EU b,cL

m = w̃1 + (Ω−F ), or

3. G∗1 = 0, in which case his expected utility is EU b,cL

m = F .

Playing F
cL

is feasible since F
cL
> F

cH
, and this manager type can afford to pro-

duce at most F
cL

. Notice that if this bad manager type decides to impersonate

a good manager type he will always find it more profitable to pretend to be

(g, cH) type than (g, cL) type since w̃1 + (Ω − F ) ≥ (Ω − F ). Therefore, he

will never choose to impersonate (g, cL) type. When F < cHΩ
cH+cL

, pretending

to be a good type will result in a higher expected utility, and therefore, this

manager type will choose to pretend to be a good type by producing G∗1 = F
cH

.
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APPENDIX B

Consistency check of strategies and beliefs

B.1 Equilibrium P
I first present a complete specification of equilibrium P , and then show that

the condition regarding the consistency of strategies and beliefs is satisfied.

The donor’s equilibrium beliefs are specified in Table B.1. The table shows

that the donor will believe with certainty that the manager is type (g, cL)

whenever he observes G1 = F/cL. The donor also believes with certainty

that the manager is bad type whenever he observes G1 = 0, irrespective of

manager’s true production costs. When the donor observes G1 = F/cH , the

donor believes with positive probabilities that the manager is type (g, cH) and

(b, cL).

Table B.2 summarizes the manager’s equilibrium strategies. The table

shows that (b, cH) manager type plays G1 = 0, (b, cL) and (g, cH) manager

types play G1 = F
cH

, and (g, cL) manager type plays G1 = F
cL

.

Table B.3 summarizes the donor’s equilibrium strategies. The table shows

that upon observing G1 = F
cL

or G1 = F
cH

the donor’s best response is to play

v2 = Ω − F with certainty. And if the donor observes any other G1 then his

best response is to play v2 = 0 with certainty. I now show that the beliefs and

strategies are consistent. Start by rewriting the manager’s strategies in Table

B.4 such that each feasible strategy is played with positive probability. Then

apply Bayes’ rule to derive the donor’s beliefs (α, β, γ, δ) using the manager’s

behavior strategy σ. Let ε > 0 be some small positive number.



95

α(G1 = F
cL

) = 1 α(G1 = F
cH

) = 0 α (G1 = 0) = 0

β(G=
1
F
cL

) = 0 β(G1 = F
cH

) = pλ
pλ+(1−p)(1−λ)

β (G1 = 0) = 0

γ(G1 = F
cL

) = 0 γ(G1 = F
cH

) = (1−p)(1−λ)
pλ+(1−p)(1−λ)

γ (G1 = 0) = 0

δ(G1 = F
cL

) = 0 δ(G1 = F
cH

) = 0 δ (G1 = 0) = 1

Table B.1: Donor’s beliefs in equilibrium P

Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) 0 0 1

pλ (g, cH) 0 1 infeasible

(1− p)(1− λ) (b, cL) 0 1 0

p(1− λ) (b, cH) 1 0 0

Table B.2: Manager’s strategies in equilibrium P

lim
ε→0

α

(
G1 =

F

cL

)
=

(1− p)λ(1− 2ε)

(1− p)λ(1− 2ε) + (1− p)(1− λ)ε+ (1− λ)pε

=
(1− p)λ(1− 2ε)

(1− p)λ(1− 2ε) + ε(1− λ)
= 1

lim
ε→0

β

(
G1 =

F

cH

)
=

pλ(1− 2ε)

pλ(1− 2ε) + (1− p)λε+ (1− p)(1− λ)(1− 2ε) + (1− λ)pε

=
pλ(1− 2ε)

[pλ+ (1− p)(1− λ)(1− 2ε)] + ε(λ+ p)
=

pλ

pλ+ (1− p)(1− λ)

lim
ε→0

γ

(
G1 =

F

cH

)
=

(1− p)(1− λ)(1− 2ε)

(1− p)(1− λ)(1− 2ε) + (1− p)λε+ pλ(1− 2ε) + (1− λ)pε

=
(1− p)(1− λ)(1− 2ε)

[pλ+ (1− p)(1− λ)(1− 2ε)] + ε(λ+ p)
=

(1− p)(1− λ)

pλ+ (1− p)(1− λ)

lim
ε→0

γ(G1 = 0) =
(1− p)(1− λ)ε

(1− p)(1− λ)ε+ pλε+ (1− p)λε+ (1− λ)p(1− 2ε)

=
(1− p)(1− λ)ε

p(1− λ) + ε(1 + 3pελ− 3p)
= 0
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G1
F
cL

F
cH

6= F
cL
, F
cH

v2(Ω− F ) 1 1 0

v2(0) 0 0 1

Table B.3: Donor’s equilibrium strategies

Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) ε ε 1− 2ε

pλ (g, cH) ε 1− 2ε infeasible

(1− p)(1− λ) (b, cL) ε 1− 2ε ε

p(1− λ) (b, cH) 1− 2ε ε ε

Table B.4: Manager’s strategies in equilibrium P

lim
ε→0

δ(G1 = 0) =
p(1− λ)(1− 2ε)

p(1− λ)(1− 2ε) + (1− p)λε+ pλε+ (1− p)(1− λ)ε

=
p(1− λ)(1− 2ε)

p(1− λ)(1− 2ε) + ε(1− p+ pλ)
= 1

I have checked that the strategies are sequentially rational in section 2.2.3.

Here, I summarize that analysis and present an intuitive proof. Given that

all the model parameters are common knowledge, the donor can correctly

anticipate the manager’s behavior. Under the assumption that F > 1
2
Ω, the

donor will correctly anticipate that the manager type (b, cH) will not profit

from pretending to be type (g, cH). Therefore, upon observing F
cH

the donor

believes with certainty that he has not encountered manager (b, cH) type. Upon

observing G1 = 0 the donor is certain he has encountered manager (b, cH) type.

Similarly, the donor also correctly anticipates that the manager type (b, cL)

will not profit from pretending to be type (g, cL). Upon observing F
cL

the donor

believes with certainty that he has encountered a good manager, (g, cL) type.

The donor contributes when 1
cL
≥ (φ− τ), which follows from inequality 2.5.

In this equilibrium, under the assumption that F < cHΩ
cH+cL

, the donor pre-

dicts that the manager type (b, cL) will pretend to be type (g, cH). Therefore,
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when the donor observes F
cH

, he believes with positive probabilities that the

manager is either type (b, cL) or type (g, cH). Does it make sense for the donor

to give a contribution of v2 = Ω − F with certainty when he observes F
cH

,

since there is a chance that the manager is a bad type? In other words, does

this behavior still maximize the donor’s payoff? It does if the inequality 2.5 is

satisfied. This condition is satisfied when pλ
cH(pλ+(1−p)(1−λ))

≥ (φ− τ).

B.2 Equilibrium S
I first present a complete specification of equilibrium S, and then show that

the condition regarding consistency of strategies and beliefs is satisfied. The

donor’s equilibrium beliefs are specified in Table B.5. The table shows that the

donor will believe with certainty that the manager is type (g, cL) whenever he

observes G1 = F/cL and type (g, cH) whenever he observes G1 = F/cH . When

the donor observes G1 = 0, the donor believes with positive probabilities that

the manager is type (b, cH) and (b, cL).

Table B.6 summarizes the manager’s equilibrium strategies, and shows that

(b, cH) and (b, cL) manager types play revealing strategy G1 = 0, (g, cH) man-

ager types play G1 = F
cH

, and (g, cL) manager type plays G1 = F
cL

.

Table B.3 summarizes the donor’s equilibrium strategies, which are the

same in all equilibria. I now show that the beliefs and strategies are conistent.

α(G1 = F
cL

) = 1 α(G1 = F
cH

) = 0 α (G1 = 0) = 0

β(G=
1
F
cL

) = 0 β(G1 = F
cH

) = 1 β (G1 = 0) = 0

γ(G1 = F
cL

) = 0 γ(G1 = F
cH

) = 0 γ (G1 = 0) = (1− p)
δ(G1 = F

cL
) = 0 δ(G1 = F

cH
) = 0 δ (G1 = 0) = p

Table B.5: Donor’s beliefs in equilibrium S

Start by rewriting the manager’s strategies in Table B.7 such that each strategy

is played with positive probability. Then apply Bayes’ rule to derive the donor’s

beliefs (α, β, γ, δ) using the manager’s behavior strategy σ. Let ε > 0 be some
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Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) 0 0 1

pλ (g, cH) 0 1 infeasible

(1− p)(1− λ) (b, cL) 1 0 0

p(1− λ) (b, cH) 1 0 0

Table B.6: Manager’s strategies in equilibrium S

small positive number.

Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) ε ε 1− 2ε

pλ (g, cH) ε 1− 2ε infeasible

(1− p)(1− λ) (b, cL) 1− 2ε ε ε

p(1− λ) (b, cH) 1− 2ε ε ε

Table B.7: Manager’s strategies in equilibrium S

lim
ε→0

α

(
G1 =

F

cL

)
=

(1− p)λ(1− 2ε)

(1− p)λ(1− 2ε) + (1− p)(1− λ)ε+ (1− λ)pε

=
(1− p)λ(1− 2ε)

(1− p)λ(1− 2ε) + ε(1− λ)
= 1

lim
ε→0

β

(
G1 =

F

cH

)
=

pλ(1− 2ε)

pλ(1− 2ε) + pλε+ (1− p)(1− λ)ε+ (1− λ)pε

=
pλ(1− 2ε)

pλ(1− 2ε) + ε(1− λp) = 1

lim
ε→0

γ(G1 = 0) =
(1− p)(1− λ)(1− 2ε)

(1− p)(1− λ)(1− 2ε) + pλε+ (1− p)λε+ (1− λ)p(1− 2ε)

=
(1− p)(1− λ)(1− 2ε)

(1− p)(1− λ)(1− 2ε) + ελ− pελ+ pελ+ p(1− λ)(1− 2ε)

=
(1− p)(1− λ)(1− 2ε)

[(1− p) + p][(1− λ)(1− 2ε)] + ελ
= (1− p)
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lim
ε→0

δ(G1 = 0) =
p(1− λ)(1− 2ε)

p(1− λ)(1− 2ε) + (1− p)λε+ pλε+ (1− p)(1− λ)(1− 2ε)

=
p(1− λ)(1− 2ε)

p(1− λ)(1− 2ε) + λε+ (1− p)(1− λ)(1− 2ε)

=
p(1− λ)(1− 2ε)

[(1− λ)(1− 2ε)][(p+ 1− p)] + λε
= p

I have checked that the strategies are sequentially rational in section 2.2.3.

Here, I summarize that analysis and present an intuitive proof. Given that

all the model parameters are common knowledge, the donor can correctly

anticipate the manager’s behavior. Under the assumption that Ω ≥ F ≥ cHΩ
cH+cL

,

the donor correctly anticipates that the manager type (b, cH) cannot profit

from pretending to be type (g, cH). Therefore, upon observing F
cH

the donor

believes with certainty that he has not encountered manager (b, cH) type. Upon

observing G1 = 0 the donor is certain that he has encountered a bad manager

type. Similarly, the donor also correctly anticipates that the manager type

(b, cL) cannot profit from pretending to be type (g, cL). Upon observing F
cL

the

donor believes with certainty that he has encountered a good manager, (g, cL)

type. The donor contributes when 1 ≥ (φ− τ)c, c = cl, cH , which follows from

inequality 2.5.

B.3 Equilibrium IC
I first present a complete specification of equilibrium IC, and then show

that the condition regarding consistency of strategies and beliefs is satisfied.

The donor’s equilibrium beliefs are specified in Table B.8. The table shows

that the donor will believe with certainty that the manager is type (g, cL)

whenever he observes G1 = F/cL. Whenever the donor observes G1 = 0, he

believes with positive probabilities that it can be any possible type. When the

donor observes G1 = F
cH

, the donor believes with positive probabilities that

the manager is type (g, cH), (b, cL) and (b, cH).
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Table B.9 summarizes the manager’s equilibrium strategies. The table

shows that (b, cH), (b, cL) and (g, cH) manager types play G1 = F
cH

, and (g, cL)

manager type plays G1 = F
cL

.

Table B.3 summarizes the donor’s equilibrium strategies, which are the

same in all equilibria. I now show that the beliefs and strategies are conistent.

α(G1 = F
cL

) = 1 α(G1 = F
cH

) = 0 α (G1 = 0) = (1− p)λ
β(G=

1
F
cL

) = 0 β(G1 = F
cH

) = pλ
1−λ+pλ

β (G1 = 0) = pλ

γ(G1 = F
cL

) = 0 γ(G1 = F
cH

) = (1−p)(1−λ)
1−λ+pλ

γ (G1 = 0) = (1− p)(1− λ)

δ(G1 = F
cL

) = 0 δ(G1 = F
cH

) = p(1−λ)
1−λ+pλ

δ (G1 = 0) = p(1− λ)

Table B.8: Donor’s beliefs in equilibrium IC

Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) 0 0 1

pλ (g, cH) 0 1 infeasible

(1− p)(1− λ) (b, cL) 0 1 0

p(1− λ) (b, cH) 0 1 0

Table B.9: Manager’s strategies in equilibrium IC

Start by rewriting the manager’s strategies in Table B.10 such that each strat-

egy is played with positive probability. Then apply Bayes’ rule to derive the

donor’s beliefs (α, β, γ, δ) using the manager’s behavior strategy σ. Let ε > 0

be some small positive number.

lim
ε→0

α

(
G1 =

F

cL

)
=

(1− p)λ(1− 2ε)

(1− p)λ(1− 2ε) + ε(1− λ)
= 1

lim
ε→0

β (G1 = 0) =
(1− p)λε

ε(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)
= (1− p)λ

lim
ε→0

α(G1 = 0) =
pλε

ε(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)
= pλ



101

Nature types G1 = 0 G1 = F
cH

G1 = F
cL

(1− p)λ (g, cL) ε ε 1− 2ε

pλ (g, cH) ε 1− 2ε infeasible

(1− p)(1− λ) (b, cL) ε 1− 2ε ε

p(1− λ) (b, cH) ε 1− 2ε ε

Table B.10: Manager’s strategies in equilibrium IC

lim
ε→0

γ(G1 = 0) =
(1− p)(1− λ)ε

ε(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)
= (1−p)(1−λ)

lim
ε→0

δ(G1 = 0) =
p(1− λ)ε

ε(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)
= p(1− λ)

lim
ε→0

δ

(
G1 =

F

cH

)
=

p(1− λ)(1− 2ε)

(1− 2ε)(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)

=
p(1− λ)

1− λ+ pλ

lim
ε→0

γ

(
G1 =

F

cH

)
=

(1− p)(1− λ)(1− 2ε)

(1− 2ε)(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)

=
(1− p)(1− λ)

1− λ+ pλ

lim
ε→0

β

(
G1 =

F

cH

)
=

pλ(1− 2ε)

(1− 2ε)(pλ+ (1− p)(1− λ) + p(1− λ) + (1− p)λ)

=
pλ

1− λ+ pλ

I have checked that the strategies are sequentially rational in section 2.2.3.

Here, I summarize that analysis and present an intuitive proof. Given that

all the model parameters are common knowledge, the donor can anticipate

the manager’s behavior. Under the assumption that 0 ≤ F < 1
2
Ω, the donor
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will correctly anticipate that the manager type (b, cL) will not profit from

pretending to be type (g, cL). Therefore, upon observing F
cL

the donor believes

with certainty that he has encountered manager type (g, cL). Upon observing

G1 = 0 the donor is not certain which manager type he is facing; he believes

with positive probabilities that it can be any possible type. Upon observing

F
cH

, the donor believes with certainty that he has not encountered manager

type (g, cL), but any other manager type is possible. The donor contributes

when λ ≥ (φ − τ)cL and pλ
cH(pλ+1−λ)

≥ (φ − τ), which follow from inequality

2.5.
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