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ABSTRACT

In this dissertation, I study two pro-social markets and employ the theory of signaling
games to understand how socially motivated institutions strategically choose fundrais-
ing mechanisms to convey private information to social investors in non-transparent en-
vironments. My findings explain two empirical observations about the charitable giving
market and the microfinance market.

First, I focus on leadership giving in charitable fundraising. While existing theory pre-
dicts that matching leadership gifts raise more voluntary contributions for public goods
than seed money, recent experiments find otherwise. I reconcile the two by studying a
model of leadership giving with incomplete information about the quality of public good.
Both the fundraising scheme and the lead donor’s contribution size may signal quality to
donors. I show that if the lead donor is informed about quality, she will convey informa-
tion to downstream donors through the size of her contribution. Thus, the charity will
have no signaling concerns and opts for a matching gift to mitigate free-riding. However,
when the lead donor’s information is limited, her contribution is less informative, and a
high-quality charity utilizes the fundraising scheme to convey information. In particu-
lar, a high-quality charity uses seed money as a costly signal to convince donors of high
quality. Therefore, seed money becomes a stronger signal of quality and induces higher
expected contributions.

I then turn to the microfinance market, where the commercialization trend in a once
entirely non-profit industry, has triggered much debate. While some argue that the tran-
sition to a for-profit sector is a necessary step towards efficiency, others believe that profit-
seeking results in mission drift, i.e., a diversion away from the original mission of helping
the poor. I explain this polarization using a model where micro-lending costs are increas-
ing in poverty, and there are two types of social investors: Rawlsians whose goal is to help

the poorest of the poor and utilitarians who aim to maximize consumer surplus. With
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unobservable costs, commercialization signals low costs, which appeals to utilitarians but
dissuades Rawlsians due to the wealthier borrowers associated with low costs. Therefore,
with a predominately Rawlsian investor pool, all MFIs (microfinance institutions) operate
as non-profits. However, when utilitarian preferences prevail, low-cost MFIs who serve
the marginal poor, offer high repayment to investors to separate from high-cost MFIs.
The latter, who operate in highly impoverished communities, remain non-profit. Hence,
utilitarian investors divide the microfinance mission between for-profits who raise more
funds and serve the marginal poor, and non-profits who carry on the more costly task of

serving the poorest of the poor.
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1. INTRODUCTION

Roman aqueducts, medieval hospitals, and caravansaries along the silk road are just
a few examples demonstrating the fact that charity and provision of public goods and
services have been a part of human societies since ancient times. However, the presence
of a large number of non-government organizations with pro-social missions backed by
private philanthropists is, for the most part, a phenomenon that gradually evolved dur-
ing modern times. As the number of such organizations increased throughout the 20th
century, the focus of economists shifted from studying public goods as a source of mar-
ket failure to seeing their provision as a new type of “market.” In this market, charitable
organizations and socially motivated firms “sell” public goods and services to altruis-
tic donors and social investors. Moreover, due to increased market size, an increasing
level of attention has been drawn to the quality and impact of public goods, and social
services. This trend has given rise to several charity watchdogs such as CharityWatch,
Charity Navigator, and GiveWell over the last three decades. The attention to quality
and impact is also reflected in the increasing use of new terminology for charity such as
“impact investing” and “social business” that imply a more demanding and less forgiv-
ing attitude in the area of social spending. In response, socially motivated organizations
have increasingly felt the need to credibility communicate their impact to donors and
social investors.

This dissertation employs information economics and, more specifically, the theory
of signaling games to study pro-social institutions” fundraising in non-transparent envi-
ronments. This work specifically focuses on how such institutions make strategic use of
solicitation mechanisms to signal otherwise unobservable information about their social
impact to potential donors and social investors. Each of the main sections investigates a
specific pro-social market and discusses how signaling by socially motivated institutions

can explain a gap between existing theories and empirical evidence.



Section 2 focuses on leadership giving in charitable fundraising, which has garnered
significant attention in the charitable giving literature (e.g., Vesterlund, 2003; Andreoni,
2006; List and Lucking-Reiley, 2002; Rondeau and List, 2008; Huck et al., 2015).! It refers
to a fundraising strategy by charities which entails soliciting first a wealthy donor and
announcing his or her donation to encourage others’ giving. Most commonly, leadership
gifts are in the form of an unconditional lump sum donation called “seed money” or a
promise of matching small donations by a fixed ratio called “matching gift.”

Theoretical studies suggest that a matching gift should encourage more donations
than seed money since the former strategy reduces free-riding (e.g., Varian, 1994; Guttman,
1978; Danziger and Schnytzer, 1991). Recent experimental studies, however, find oth-
erwise. In particular, Rondeau and List (2008), Karlan et al. (2011), Huck and Rasul
(2011), and Huck et al. (2015) find evidence that a seed money announcement attracts
more donors and increases total contributions, while a matching gift announcement has
a weak or even adverse effect on contributions.

The section reconciles this ostensible discrepancy between the theory and the experi-
mental evidence by studying quality signaling by charities through the choice of fundrais-
ing schemes. The theoretical argument relies on the observation that the choice of the
fundraising scheme-seed money or matching gift-conveys information to donors about
the quality of the charity. I find that seed money, which is seemingly the less effective
strategy, can be used by the charity to credibly signal higher quality. This explains the
significant increase in giving upon an announcement of a seed money gift and the weak
response to a matching gift.

To demonstrate this finding, I present a theoretical model of leadership giving in a

10On the theory front, other related studies include Varian (1994), Guttman (1978), Danziger and
Schnytzer (1991), Admati and Perry (1991), Andreoni (1998), Romano and Yildirim (2001), Bag and Roy
(2011), Krasteva and Yildirim (2013), and Gong and Grundy (2014). There is also a large experimental lit-
erature that includes both lab experiments (e.g., Eckel and Grossman, 2003; Potters et al., 2005; Giith et al.,
2007; Potters et al., 2007; Eckel and Grossman, 2006a,b; Eckel et al., 2007) and field experiments in a variety
of settings (e.g., Silverman et al., 1984; Frey and Meier, 2004; Meier and Frey, 2004; Soetevent, 2005; Meier,
2007; Falk, 2007; Alpizar et al., 2008; Croson and Shang, 2008; Shang and Croson, 2009; Karlan and List,
2007; Eckel and Grossman, 2008; Karlan et al., 2011; Huck and Rasul, 2011; Adena and Huck, 2017).



large economy with incomplete information about the quality of the public good pro-
vided by a charity. Both the fundraising scheme employed by the charity and the contri-
bution decision by the lead donor may signal the charity’s quality to subsequent donors.
The charity solicits optimally for a matching gift if the lead donor is informed about the
quality of the public good. Intuitively, an informed lead donor conveys quality informa-
tion to downstream donors through the size of her contribution. As a result, the charity
has no signaling concerns and opts for a matching gift because it mitigates the free-riding
incentives among donors and leads to higher contributions. The preference for matching,
however, reduces when information acquisition by the lead donor is costly and thus lim-
ited. In this case, the lead donor’s contribution is less informative. Hence, a high-quality
charity utilizes the fundraising scheme to convey information. In particular, the charity
uses seed money as a costly signaling device to convince donors of its high quality. As a
result, seed money becomes a strong signal of quality and induces higher expected contri-
butions by donors. This finding is consistent with experimental data, where seed money
is associated with higher donations relative to a matching gift.

Section 3 turns to the microfinance market that since the 1980s has grown rapidly to
become a large industry.> Once limited to a few non-profits, microfinance has not only
grown but also witnessed a surge of for-profits.> Dieckmann et al. (2007) state that micro-
finance has provided an increasingly attractive venue for socially responsible investment.

This “commercialization” trend has triggered much debate centered on the future di-
rection of the industry. One side, with the support from the existing theories (e.g., Ghosh
and Van Tassel, 2011, 2013; Karaivanov, 2018) argues that pursuing profits induces effi-
ciency and forces high-cost institutions out of the microfinance market. Thus, they in-
terpret for-profits’ entry as a sign of the industry’s health and success. The other side

of the debate, however, believes that profit-seeking leads to “mission drift.” The latter

2According to Khamar (2015), the global loan portfolio of microfinance reached $92.4 billion in 2015
(8.6% annual growth), with 116.6 million borrowers around the world (13.5% annual growth).

3For example, for-profit institutions formed 81% of the Indian microfinance market in 2009 (Paramesh-
war et al., 2010).



term refers to a diversion of microfinance away from its original mission of alleviating
poverty. This is in line with empirical studies (e.g., Cull et al., 2007, 2011) that find for-
profit MFIs to perform, on average, worse in measures of outreach to the poor, compared
to non-profits.*

This section offers a novel theoretical explanation for this polarization by exploring
signaling by MFIs (microfinance institutions) in the funding process through the choice of
profit status. The theory presented is based on the fact that MFIs vary in the poverty level
of their clients that, in turn, results in a variation in costs. I show that high repayments
to social investors burden poor borrowers but can also function as a signal of low costs
and lead to more fundraising. Therefore, MFIs with wealthier clientele (the marginal
poor) may use such a signal and become for-profit. However, MFlIs that operate in highly
impoverished communities and incur high costs cannot afford this signal and remain
non-profit.

I demonstrate this finding by modeling microfinance as a sequential game with in-
formation asymmetry. The model has two distinguishing features. First, the costs of
micro-lending are increasing in poverty. Second, social investors have one of two dis-
tinct welfare goals: helping the poorest of the poor (Rawlsian) or maximizing consumer
surplus (utilitarian). I show that when costs are unobservable, commercialization signals
low costs, which appeals to utilitarian investors but discourages Rawlsian investors due
to the wealthier borrowers that are associated with low costs. Therefore, so long as the
Rawlsian philosophy is dominant, all MFIs operate as non-profits. However, once utili-
tarian preferences take over, MFIs who serve the marginal poor offer high repayments to
social investors as a credible signal of low costs and raise more funds compared to their
high-cost counterparts. The latter who serve the extremely poor cannot mimic the high
repayments offered by for-profits and hence operate as non-profits revealing their high

costs. I conclude that the commercialization trend in microfinance is driven by the effort

“Morduch (2000) refers to this polarization as “the microfinance schism” and offers a thorough discus-
sion of it.



to attract funding from utilitarian social investors. This, in turn, divides the microfinance
mission. For-profits attract more resources into the industry and serve the marginal poor
while non-profits carry on the more costly task of serving the poorest of the poor. This
result is consistent with the empirical findings of the microfinance industry and suggests

that both types of MFI have an essential role in helping the poor.



2. INFORMATIVE FUNDRAISING: THE SIGNALING VALUE OF SEED MONEY
AND MATCHING GIFTS

2.1 Overview

This section focuses on leadership giving in charitable fundraising and studies quality
signaling by charities through the choice of seed money and matching gift fundraising
schemes. I reconcile the existing theory prediction that a matching gift scheme should be
more effective in fundraising than a seed money scheme with the seemingly contradictory
experimental evidence that donors tend to give more under a seed money scheme.

My model features a large economy with altruistic donors, in which the charity is
privately informed about the quality of the public good that it provides.! Donors possess
limited information about the quality of the public good. This setting is consistent with
the state of the non-profit sector in the USA that features significant quality heterogeneity
among existing non-profits and limited information among donors about how non-profits
use their donations.? In the base model, this quality is binary, but I extend the analysis in
Subsection 2.6.1. The charity chooses its fundraising mechanism to maximize donations.
In particular, the charity chooses whether to solicit the lead donor for seed money or
a matching gift. Subsequently, given this fundraising strategy, the lead donor decides
whether to acquire costly information about the public good’s quality before making a
donation decision. Under leadership giving, the information acquired not only benefits

the lead donor directly, as it results in more informed giving, but it enables the lead donor

!While the main analysis focuses on purely altruistic donors, Subsection 2.6.3 extends the analysis to
impure altruism in line with Andreoni (1988, 1990).

2For instance, Charity Navigator, the largest charity rating agency in the USA, has classified close to one-
third of rated charities in years 2007-2010 as having exceptionally poor or poor performance (Yoriik, 2016).
At the same time, in a survey, Neighbor et al. (2015) find that almost half of donors are not sure of how their
money is used by charities. At first glance, this lack of information might be attributed to the donors’ lack
of interest. However, the survey findings suggest otherwise. It reveals that donors want nonprofits to be
clearer regarding the charitable services that their money provides (Neighbor et al., 2015). Thus, the lack
of information can be explained by findings such as the fact that donors often are unsure where to begin,
don’t find their desired information available, and are under time pressure (Neighbor et al., 2015).



to signal the quality of the public good to downstream donors through the size of her
contribution.

In general, both the fundraising strategy and the size of the lead donor’s gift may con-
vey information about the charity’s quality. These two signaling channels interact with
each other to form the charity’s and the lead donor’s equilibrium strategies. In particular,
the lead donor acquires information only if the value of information exceeds the cost. The
value of information, however, varies not only with the prior quality distribution, but
also with the equilibrium fundraising strategy. Thus, multiplicity of equilibria may arise
with varying degree of information acquisition.

Considering first the two extremes of fully informed and fully uninformed equilibria,
I establish that these types of equilibria cannot explain the use of seed money. The first
extreme of fully informed lead donor causes the charity to rely on the lead donor to re-
veal the charity’s quality to subsequent donors through the size of her donation. This
eliminates the signaling concern of the high quality charity when choosing her optimal
fundraising scheme. Consequently, consistent with the existing theoretical literature, I
tind that in the absence of signaling considerations, the charity optimally chooses the
matching scheme, as it alleviates the free-riding problem present in public good provi-
sion. The other extreme of fully uninformed lead donor also fails to explain the success
of seed money over matching. This is because in the absence of quality verification by
the lead donor, the low quality charity can costlessly imitate the high quality charity’s
fundraising strategy. This makes it impossible for the high quality charity to separate
from its low quality counterpart. Thus, donors fail to learn any useful information from
the fundraising scheme or the lead donor’s contribution amount and as a result all charity
types and all schemes on the equilibrium path raise the same amount of money.

In order to explain the successful use of seed money, I turn to partially informed equi-
libria with seed money on the equilibrium path. I refer to such equilibria as SPI (seed-

partial info) equilibria. Note that under partial information acquisition by the lead donor,



imitation by the low quality charity is not costless any longer since there is some possibil-
ity of verification. Moreover, seed money is the less efficient scheme as it results in lower
overall contributions compared to matching for any fixed quality level. Consequently,
seed money is used as a costly quality signal. In particular, I show that in every SPI
equilibrium, the high quality charity chooses seed money fundraising more frequently
compared to the low quality charity, causing seed money to emerge as a signal of higher
quality. Intuitively, as the lead donor becomes less reliable at signaling quality, the high
quality charity engages in costly signaling through the fundraising scheme by choosing
to solicit for seed money.

This theoretical analysis establishes a plausible mechanism by which leadership giv-
ing may convey information to donors. Subsection 2.6 demonstrates the robustness of
seed money as a signal of higher quality in richer economic environments that include
large number of quality types (Subsection 2.6.1), the possibility of opting out of leader-
ship giving (Subsection 2.6.2), the presence of warm-glow motivations for giving (Sub-
section 2.6.3), and the availability of alternative information channels (Subsection 2.6.4).
Subsection 2.6.1 reveals that while the likelihood of seed money fundraising is not nec-
essarily monotonically increasing in the charity’s quality, seed money is associated with
higher expected quality in every SPI equilibrium. Subsection 2.6.3 establishes that altruis-
tic motives for giving are important for incentivizing quality signaling via the fundraising
scheme since strong warm-glow motivations for giving cause donors to become less sen-
sitive to the scheme choice, thus making both schemes equally attractive for the charity.
In general, my analysis suggests that the use of seed money as a costly signaling device
persists in the presence of sufficiently strong altruistic motives for giving and significant
quality uncertainty that is not fully resolved by the lead donor’s information acquisition
strategy or alternative information channels. This suggests that seed money fundraising
is likely a more attractive fundraising strategy for newer charities with significant public

good component, who are striving to establish quality reputation among donors.



In the following subsections, I discuss the relevant literature then present the model
and findings. Subsection 2.2 provides a review of the relevant literature. Subsection 2.3
describes the theoretical model. Subsection 2.4 considers the benchmark case of com-
plete information and describes how the fundraising schemes rank in terms of total con-
tributions. Subsection 2.5 presents the full model with information asymmetry and en-
dogenous information acquisition, and discusses the possibility of signaling through the
fundraising scheme. Subsection 2.6 presents a few extensions to the base model. A sum-

mary of the results is provided in Subsection 2.7.
2.2 Related Literature

This theoretical model builds upon a large theoretical literature. Early theoretical work
on private provision of public goods, such as Warr (1983) and Bergstrom et al. (1986),
have focused on simultaneous contributions. They show the equivalence of the non-
cooperative equilibrium from the simultaneous contributions game to the Lindahl equi-
librium. Admati and Perry (1991) expand the analysis to a mechanism of alternating se-
quential contributions towards a threshold public good. They find that this can lead to an
inefficient outcome. Similarly, Varian (1994) considers sequential fundraising and finds
that it results in lower public good provision compared to simultaneous contributions
due to donors’ incentives to free-ride on earlier contributions. However, the possibility of
donors subsidizing each others” contributions can alleviate this problem (e.g. Guttman,
1978; Danziger and Schnytzer, 1991). The implication of these findings is that a matching
gift is more effective at encouraging contributions by downstream donors compared to a
seed money gift.

In the context of complete and symmetric information, the use of seed money can
be rationalized by the presence of threshold public good or other-regarding preferences.
In particular, Andreoni (1998) shows that charities can use seed money to avoid zero-
contributions equilibrium, in which no donor contributes due to an expectation that the

threshold will not reached. Romano and Yildirim (2001) show that other-regarding prefer-



ences can give rise to upward-sloping best response functions, making sequential fundrais-
ing more effective than simultaneous fundraising. In the context of standard altruistic
preferences, Gong and Grundy (2014) illustrate the possibility of matching raising less
donations than seed money due to the lead donors’ reluctance to offer high match ratios.
They show that a necessary (but not sufficient) condition for this is that donors” marginal
utility of the public good responds elastically to changes in the level of the public good.
Such elastic response exacerbates the free-riding problem at high match ratios and may
sometimes result in a very small matching gift and a lower fundraising amount compared
to seed money. While this finding provides an alternative explanation for the desirability
of seed money;, it is limited to environments with a relatively small number of donors
and an elastic marginal utility of the public good, which is violated in a wide range of
commonly-used preferences (e.g. CES utility functions).® Instead, I focus on an alterna-
tive environment with many donors and standard inelastic preferences and find that the
lower effectiveness of seed money is in fact an advantage under asymmetric information
as it allows seed money to emerge as a costly signal of quality and consequently raise
more funds compared to matching.

There is sparse theoretical literature that has considered incomplete information about
the public good. Bag and Roy (2011) show that when donors have independent private
valuations for the public good, free-riding incentives could diminish with sequential giv-
ing and thus sequential contributions might result in higher total donations compared to
simultaneous ones. Krasteva and Yildirim (2013) consider an independent value thresh-
old public good, in which each donor can choose whether to contribute informed or un-
informed. They find that announcing seed money discourages informed giving while a

matching gift encourages it. However, in both studies, the independence of donors’ val-

3In Subsection 2.4, I show that as the donor population grows, matching must eventually (weakly) out-
perform seed money irrespective of the elasticity level. Thus, the preference for seed money is limited to
an environment with a small donor pool. Moreover, as Gong and Grundy (2014) illustrate, elastic marginal
utility of the public good is a necessary, but not sufficient condition for seed money to result in higher over-
all donations than a matching gift. Thus, even with an elastic utility and a small donor pool, matching may
still emerge as the dominant scheme.
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uations precludes the possibility of signaling via the scheme choice or the contribution
amount by the lead donor. In this respect, the closest papers to this work are Vesterlund
(2003) and Andreoni (2006).

Similar to my model, Vesterlund (2003) and Andreoni (2006) consider the use of seed
money as a signaling device to convey the charity’s quality. They demonstrate that lead-
ership gifts in the form of seed money may result in larger total donations compared to
simultaneous contributions since seed money enables the lead donor to signal the char-
ity’s quality to subsequent donors. However, an important distinction between these pa-
pers and my work is that they only allow for a seed money leadership scheme and ignore
the possible signaling value of a matching gift. By enabling charities to choose between
seed money and matching, I allow them to use the structure of the leadership gift itself
to convey quality information to donors. In particular, such quality signaling through the
scheme becomes an important tool of information transmission when acquiring informa-
tion about the charity’s quality is costly for donors.

In the realm of experimental studies, Silverman et al. (1984), Frey and Meier (2004),
Soetevent (2005), Croson and Shang (2008), and Shang and Croson (2009) find that donors
respond positively to information about other donors” gift, and Giith et al. (2007) show
the positive impact of leadership gifts in particular. Furthermore, field experiments by
List and Lucking-Reiley (2002), and Landry et al. (2006) demonstrate that both the likeli-
hood and the size of donations significantly increase with the seed money amount. More
interestingly, Potters et al. (2005) find that when some donors are informed and others
are not, sequential contributions are likely to emerge endogenously, with more informed
donors choosing to contribute first. All of these findings support the theory of seed money
having signaling value. Potters et al. (2007) confirm this in an experiment that compares

sequential contributions with an informed lead donor to simultaneous contributions.*

4Other related empirical work (e.g., Khanna and Sandler, 2000; Okten and Weisbrod, 2000; Andreoni
and Payne, 2003, 2011) study the impact of government grants on private contributions. They find mixed
results, which could be attributed to the differential impact of government grants on the fundraising effort
by charities.

11



The impact of matching gifts has also been studied experimentally. Eckel and Gross-
man (2003), Meier and Frey (2004), Eckel and Grossman (2006a), Eckel and Grossman
(2006b), Eckel et al. (2007), Falk (2007), and Eckel and Grossman (2008) find evidence in
support of matching gifts being effective in boosting donations. However, Meier (2007) il-
lustrates that this effect is short-lived and reverses in the long run. Moreover, Karlan and
List (2007) find that while downstream donors respond positively to an announcement of
a matching gift, they are unresponsive to an increase in the match ratio. More recently,
Karlan et al. (2011) find little response to a matching gift and Adena and Huck (2017) find
a negative response by donors.

All of the above studies focus on seed money or matching in isolation, but some of
the recent literature directly compares the two schemes in the field. For example, Alpizar
et al. (2008), Rondeau and List (2008), Huck and Rasul (2011), and Huck et al. (2015) find
in a variety of field settings that knowledge of others” lump sum contribution amounts
increases individual donations, but a reduction in the price of giving via a match (or recip-
rocal gift) has little impact. Moreover, Rondeau and List (2008) compare the effectiveness
of both in the field and in a subsequent threshold public good lab experiment with com-
plete information. They find that seed money is more effective in the field relative to the
lab and conjecture that this is due to the signaling value of the leadership gift in the field
where donors” knowledge of the public good is likely limited. In contrast, the returns
from the public good are known in the lab and thus the leadership gift conveys no sig-
naling benefits. My analysis confirms this intuition and provides a theoretical foundation

for the above experimental findings.
2.3 Model Description

A single charity, C, aims to maximize the amount of money raised, G, to a continuous
public good. The quality of the public good g takes two values- g € {q;, g} with0 < q; <
qn- The prior quality distribution is denoted by 7w = {7, 77;,} where 7;, € (0,1) stands for

the probability of high quality.

12



On the contributors’ side, the economy consists of a large set of donors, D. Donors
are characterized by their wealth € {w;, wy, ..., w;} with w; > w;,q foralli € [1,1—1].
Moreover, t; € (0,00) denotes the number of donors of wealth w;. A donor of wealth w;

has the following preference over private and public consumption:

ui(8i,G,q) = h(w; — gi) +q0v(G) (2-1)

where 1/'(-) > 0,h”(-) < 0,7'(-) > 0,9”(-) < 0. Moreover, I assume that go'(0) >
W (wq) and limg 6 g0’ (G) = 0, which jointly ensure positive and finite provision of the
public good for all quality realizations.

The charity fundraises by employing leadership giving, in which it first solicits a lead
donor, denoted by L, followed by simultaneous solicitation of all remaining donors, de-
noted by F. I let w; = w; so that the lead donor belongs to the richest individuals in the
economy. This is consistent with Andreoni (2006) who finds that the wealthiest individu-
als have the strongest incentives to become leaders in charitable campaigns. The leader-
ship gift scheme, Z, chosen by C, can take the form of either seed money, S, or matching
gift, M. Under S, L makes an unconditional contribution g7 that is publicly announced
prior to the follower donors’ contribution decisions. Under M, L commits to a match ratio
m, which is publicly announced, and results in a contribution gM = my. gM = mGM by
L. To simplify the exposition, I denote the lead donor’s choice by d% Wllrire d; = g7 and
dM = m.

The timing of the game is as follows. First, C privately observes g and publicly com-
mits to a fundraising scheme Z € {S, M}. Then, it solicits L for a donation. L privately
decides whether to learn g at cost k and then publicly makes her contribution decision d%.
All follower donors then observe Z and d#, and simultaneously choose their individual
donations g7 fori € F.

The following subsections provide the equilibrium characterization of the above game.
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I focus on a large economy, but my findings extend to any size economy, in which match-
ing raises more donations than seed money for a given quality of the public good.> In
particular, Subsection 2.4 presents a benchmark with observable quality and shows that
a sufficiently large economy guarantees that matching always (weakly) dominates seed
money. This is a foundational result that informs my analysis of unobservable quality,

presented in Subsection 2.5.
24 Observable Quality

Given publicly observable quality g and fundraising scheme Z, each follower donor
chooses her donation to maximize her payoff given by eq. (2-1). A contributing donor

equates the marginal cost and benefit of donating, resulting in
W (i — g7) = q0'(GZ) (1 + mly) 22)

where 1)1 = 1 for Z = M and 0 otherwise. It is evident from eq. (2-2) that matching
increases the marginal benefit of giving relative to seed money. Thus, for the same amount
of total giving, i.e. GM = G, i contributes more under the matching scheme as long as
m > 0.

The concavity of h(-) and v(-) implies that higher anticipated G reduces incentives to
give and ensures the uniqueness of the equilibrium contributions by the follower donors.
Moreover, the decrease in the marginal value of the public good as a response to higher

GZ implies that each wealth “type” w; has a drop-out level GiZ’O(q,mIL M) of the public

good above which i becomes a non-contributor. Giz’o(q, mlpr) solves

g0’ (G0 (1 + mly) — W (w;) =0 (2-3)

SMy focus on a large economy is consistent with the size of the charitable giving market in the USA, in
which 68% of contributions come from individual donations (National Philanthropic Trust, 2019).
6See Bergstrom et al. (1986) for proof of equilibrium existence and uniqueness.
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Note that GlM’O(q,m) > GiS’O(q) for any m > 0 as long as these drop-out levels are
finite. The condition limg . qv’'(G) = 0 ensures that this is indeed the case for both
schemes and all quality levels.” Moreover, GiZ’O(q,m]l M) is strictly decreasing in i for
both schemes, which allows me to employ the Andreoni-McGuire algorithm (see An-
dreoni and McGuire, 1993) to derive the aggregate best response of the follower donors,
GZ(g,d%), to a leadership gift dZ. In particular, consistent with Yildirim (2014), let CZ de-
note the set of contributing donors and G[az-their total giving. Then if CiZ ={1,2,..i} C

CZ, the short-fall in provision by C# is
A7 (g, G df) = Zt w;—¢ (90 (GF +gf) (1 +m1y))| (2-4)

where by definition g™ = mGM and ¢(-) = [W/]7!(") is strictly decreasing in its argu-
ment. Therefore, A? (g, G¢,d?) is strictly increasing in G#. Thus, the Andreoni-McGuire
algorithm uniquely pins down the set of contributing donors and their equilibrium do-
nation amount GZ(g,d#). The following lemma extends the equilibrium characterization

by Yildirim (2014) to include the possibility of matching®.

Lemma 2-1. Given d¥, let AiZ’O(q, d?) = A/ (g, GiZ’O(q,m]lM) — ¢#,d%) and C# denote the
equilibrium set of contributors. Then, i € CZ if and only if A7°(q,d?) > 0 and i € C% implies
that j € CZ for all j < i. Moreover, given C* = {1,2,....,e}, G&(q,d?) uniquely solves
AZ(q,GF,df) = 0.

Lemma 2-1 reveals that donor i becomes a contributor only if the follower donors with
higher wealth than i fall short of providing the necessary contribution (i.e. GI.Z'O (g, mlp) —

g%) to reach i’s drop-out level, Giz’o(q, mlyr). Moreover, the contribution incentives are

7Yildirim (2014) provides a weaker condition for a finite drop-out level under seed money of
di&ui(o, G,q) < 0 for some G. Instead, this condition ensures that provision is finite under both seed
money and matching. I discuss the possibility of infinite drop-out levels in Subsection 2.6.3 in the presence
of warm-glow motivations for giving.

8The proof of Lemma 2-1 is analogous to the proof of Proposition 2 in Yildirim (2014) and thus omitted
here.
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decreasing in i. Thus, deriving the equilibrium contributor set, C#, boils down to finding
the highest i with A?(q, d%) > 0. Given C%, the equilibrium condition A.(g, G%, d%) =0
requires that GZ (g, d#) eliminates any short-fall in contributions among C#, which pre-
cludes profitable deviation to higher giving by any of the contributing donors.

From eq. (2-4), it is evident that the size of the leadership gift has an impact on the
follower donors” contributions. In particular, I focus on the effect of d% in a large econ-
omy, in which the set of contributing donors grows infinitely large. In particular, I let D,
denote the n-replica economy, in which the donor population of each wealth type w; is
replicated n times. Then, the following Proposition describes the equilibrium response to
the leadership gift g# as n approaches infinity.

—0"(G)G
v'(G)

GZ(q,d%), to d? for Z = {S, M} is as follows:

Proposition 2-1. Let €,(G) = Then, the follower donors’ equilibrium response,

a) Gp(q,g7) is strictly decreasing in g7 whenever the contributor’s set is non-empty (C5 #

@), while the total contributions G>L(q,¢7) = G2(q,87) + g7 are strictly increasing in

S,0

3. Moreover, JL%GS’L(E/' $5) = GYO(q) with dG;Tf(q) — 0.

b) GM(q,m) is strictly increasing in m if and only if €,(GM*) < 1 where GML(q,m) = (1+
m)GM (g, m) denotes the total contributions. Moreover, GM'L(q,m) is strictly increasing

M,0
inmand lim GV (g, m) = G (¢, m), with G}**(4,0) = G (q) and “S7187) . ¢

m

Part a) of Proposition 2-1 highlights the free-riding incentives present under seed
money. As pointed out by Andreoni (1988) and more recently by Yildirim (2014), these in-
centives are exacerbated in the limit economy with seed money converging to the highest
drop-out level GlS Y(g). Since G1S Y(q) is independent of the size of the leadership gift g7,
seed money is ineffective at increasing total contributions in a large economy. In contrast,
part b) reveals that the follower donors’ response to increasing m is positive as long as the
marginal value of the public good is inelastic to an increase in total contributions GM*,

i.e. €,(GM!) < 1. Intuitively, an increase in m has two opposing effects. On the positive
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side, m reduces the effective price of giving and as a result increases the follower donors’
marginal willingness to contribute. On the negative side, higher m also increases GM'* for
a fixed giving by the follower donors, GIIYI. This, in turn, reduces the marginal willingness
to contribute due to the free-riding incentives. The inelastic response to increasing GM-L
ensures that the positive effect dominates the negative.” However, irrespective of which
effect dominates, the overall impact of higher m is an increase in total giving GM* (g, m).
Moreover, in contrast to seed money, GM'L (g, m) is responsive to higher match ratios even
in the limit economy. This is because, as revealed by eq. (2-3), matching increases the indi-
vidual drop-out levels, making donors more willing to become contributors. As a result,
matching converges to strictly higher total contributions compared to seed money for any

non-zero match ratio.

Turning to the lead donor’s problem, d# is chosen to maximize

up(q,df) = h (wi — G*(q,df) + GF(9,47)) +q0 (G*H(q.d7))  (29)

Differentiating uy (g, %) with respect to d# gives rise to the following marginal utility

of giving:
du /dz dGZ,L ,dZ
S = [ (- G ) + Rl D)) + v (GPHa )] P+ o
k L
dGZ(q,d?
b (wr — G (g df) + GH(g ) ) TN AL)
L

Eq. (2-6) reveals that the follower donors’ response to the leadership gift plays a crucial

role in the lead donor’s contribution choice. In particular, in a large economy, Proposition

Gi(9.87)

S,L
( — 0 as n — oo. Thus, the sign of a s
L

G5t (9.87)

2-1a) states that ac s is the sole deter-
L

9Gong and Grundy (2014) show that if €,(G) > 1 for some G, GM(g,m) may have an inverted U shape
with donors reducing their donation amounts as a response to high match ratios. Consequently, the lead
donor may settle for a low match. Then, in a finite economy, it is possible for matching to induce signifi-
cantly lower leadership gift than seed money, resulting in lower overall donations under matching. This
possibility, however, disappears in a large economy since, as stated by Propositions 2-1 and 2-2, seed money
completely crowds out giving by the follower donors in the limit economy and thus is always less effective
than matching in increasing public good provision.
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minant of the lead donor’s optimal contribution choice. Since Proposition 2-1a) reveals

duy (9.87)

that dGE (q/gi)
dg;

IS < 0, it follows that lim; < 0 for all gz. Thus, in a large econ-
omy, the lead donor has no incentives to contribute to the public good under seed money
,le limy oo gi’*(q) = (. This stands in contrast to the matching scheme, in which the
lead donor’s gift may encourage more giving by the follower donors. To see how this
impacts the lead donor’s willingness to give in a large economy, recall that the total con-
tribution amount under M converges to G{M’O(q, m). Moreover, since G{\/I’O(q, 0) = Gf Y(q)

(by Proposition 2-1b)), for m = 0, eq. (2-6) reduces to

. duL(qu) _ / 1/ ~S,0 dGiVLO(qu) / . def\A(q/O)
lim —~ — = [—h (w1) + qv'(G; (4))] gy () lim —— = (27)
By eq. (2-3), the first term drops out, and lim, %}Z’O) = h'(wq) limy,_e0 dG%:rEZq’O) .

Thus, the lead donor will always find it optimal to offer a positive match in a large econ-
omy as long as this induces higher giving by the follower donors. The following Propo-

sition formalizes this finding.

Proposition 2-2. In the limit economy (n — o), the equilibrium total donations, GOZO’*(q) =

li)m GZ*(q), satisfy GM*(q) > G35 (q), with a strict inequality ifez,(Gls’O(q)) <1

n—o0

dG}'(4,0)
dm

> 0.

The sufficient condition provided by Proposition 2-2 implies that lim,, o
Thus, the matching scheme outperforms seed money due to its ability to reduce free-
riding incentives by the follower donors. Together, Propositions 2-1 and 2-2 reveal that
under complete information about the charity’s quality, the fundraiser is likely to favor
the matching scheme. Therefore, to understand the use of seed money, I next turn to an

environment with incomplete information about the charity’s quality.
2.5 Unobservable Quality

In this subsection, I extend the analysis to the incomplete information game described
in Subsection 2.3. For the remainder of the analysis, I maintain the assumption of an

inelastic marginal value of the public good, i.e. csv(Gig Y(g)) < 1for all g, which guarantees
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the strict preference of matching over seed money in a large economy by every charity
type in the absence of information asymmetry. I show that this preference causes seed
money to emerge as a costly signal of quality in the presence of limited information about
q.

In the last stage of the game, the follower donors make simultaneous donation de-
cisions corresponding to G#(q%,d7), derived in Subsection 2.4, where g% denotes the
follower donors’ belief about the charity’s quality. Given the asymmetric access to infor-

mation, the lead donor’s utility is given by
(g7, 4%, df) = h (wi — G*H(q%,df) + GF (a%,df) ) +qfo (GPH(g:,dF))  (2-8)

The above equation captures the possibility that the lead donor and the follower
donors hold asymmetric beliefs about the charity’s quality. In a sequential equilibrium,
donors’ beliefs have to be consistent with the charity’s contribution strategy Z, and the
lead donor’s donation decision dZ. In particular, letting % (g;) denote the probability that
a charity of type g; for j € {I,h} chooses scheme Z, the posterior belief of type g; upon

observing scheme Z, denoted by 71].2, satisfies Bayes’ rule:

7 B%(q;)j

L _ 2-9
g Yyeqny B (qy) Ty @)

Given 7T]-Z , the expectation of quality in absence of any additional information is sim-
ply the posterior expected value g5 = Y 7t]-Z q;- However, the lead donor may also choose
to learn the charity’s true quality at a cost k. Therefore, the lead donor’s belief 4% can
take one of three possible values- {g;, g4, g}, denoting the cases of informed low quality,
uninformed, and informed high quality, respectively. From the point of view of the fol-

lower donors, g% is the lead donor’s type. Letting a* denote the lead donor’s likelihood
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of information acquisition in scheme Z, the probability of type g%, denoted by 1%, satisfies

Z 7
TR0 for L #U
ng = (2-10)

1—aZ forlL=U

Note from egs. (2-9) and (2-10) that whenever the two types of charities perfectly sep-
arate, such as %(g;) = 1 — B#(q;) = 1, the scheme becomes perfectly informative with
g% = q; and thus g% = g; is independent of the information acquisition strategy of the
lead donor. In this case, the lead donor’s gift d% is not an essential tool of information
transmission. In the spirit of sequential equilibrium, however, I consider equilibrium be-
havior that is consistent with the limit of fully mixed strategies. Therefore, the fundraising
scheme choice always leaves some uncertainty about the charity’s quality. As a result, the
lead donor’s gift 44 has additional signaling value and can provide further information
to the follower donors whenever the lead donor acquires information.

Turning to the choice of leadership gift 47, note that the lead donor’s objective func-

) ) . 0% (g% ,q%,d¢
tion, given by eq. (2-8), satlsfles%

= v/(G%*) > 0, which as shown in Lemma
A-2 in Appendix A serves as the single crossing property that guarantees the existence
of a separating equilibrium, in which the lead donor always reveals her type g% to the
follower donors. In particular, I focus on the least costly (Riley) equilibrium, which is
uniquely selected by the Cho-Kreps intuitive criterion (Cho and Kreps, 1987). The equi-
librium contribution of the lead donor of type g% in the Riley equilibrium satisfies:!°

Z,%

d;” (q%) = argmax . (q%,q%,d7) (2-11)

df

_ =7 % _ =7 %
st. u(qnqndy” (1) > u(q, 9, dr” (g5))

19Lemma A-2 shows that as typical in signaling games, the two constraints given by (2-11), ensuring no
deviation incentives by the quality types g; and g%, of lead donor towards higher donation amounts, are the
only ones that might bind in the least costly separating equilibrium.
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_ —=Z % _ —=Z %
uL(qf, 96,4y (af)) > un(af, an dy” (qan)

Thus, each type g% chooses the contribution level that maximizes her utility subject to an
incentive compatibility (IC) constraint ensuring that no lower quality type can profit from
mimicking her contribution. As typical for the Riley solution, there is no distortion in the
contribution level of the low quality type g;. This, in turn, implies that the total contri-
butions raised by a low quality charity coincides with the amount raised under complete
information, i.e Ez’*(ql) = G?%*(g;). Therefore, conditional on an informed lead donor,
the low quality charity always raises more donations under matching. This comparison
is less clear for the higher quality types, whose contribution amounts may be distorted
towards higher contribution levels as a result of the IC constraints above. However, as
pointed out by Andreoni (2006), in a large economy the equilibrium donations under
seed money G (qz) are bounded from above by the full information amount GlS ’O(q r)
By Lemma 2-1, any higher amount would turn all follower donors into non-contributors
and thus cannot be sustained in equilibrium. This implies that in a large economy, the
seed money contributions in the Riley equilibrium must necessarily fall below the match-

ing contributions.!! The following Lemma formalizes this statement.
Lemma 2-2. For sufficiently large n, EM’*(qj) > ES’*(q]-) for j € {l,h} and EM’*(qi\f) >
G (g5 for ¥ = a3

Lemma 2-2 establishes that in a large economy matching necessarily dominates seed
money whenever the lead donor is informed about the quality or whenever matching is

associated with (weakly) higher quality level. The last observation follows from the fact

that the expected equilibrium contributions are increasing in the donors’ belief about the

1Tt is worth pointing out that with a relatively small donor base, it is possible for contributions un-

der seed money in the Riley equilibrium to exceed the ones under matching for a fixed donor type g, i.e.
[ (q) > [ehed (q). Intuitively, with costly quality signaling, a low type of lead donor may be more reluc-

tant to pool with a higher type under matching since the resulting higher donation amounts by the follower
donors also increase the lead donor’s contribution through the match. This can make separation by the high
type of lead donor less costly under matching compared to seed money and as a result lead to lower overall
contributions. While this finding is consistent with the anecdotal evidence alluded to in Subsection 2.1, it is
of limited scope and thus not the focus of this analysis.
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charity’s quality.!? Note that the expected total contributions in scheme Z by a charity of
quality g; depend both on the expected quality q% as well as the expected likelihood of

information acquisition and are given by
Gr(q;,q5,0%) = %G () + (1 — a®)C”" (g 2-12
E(qj,qt,07) = a”G ™ (gj) + (1 —a®)G ™ (q37) (2-12)

Given the above equation, Lemma 2-2 implies that in order for seed money to be at-
tractive for the charity, it must either be associated with a higher expected quality than
matching or result in more favorable information acquisition strategy by the lead donor.

In order to understand the lead donor’s information acquisition incentives, I next turn
to the lead donor’s value of information. In particular, let 7" (9%) =uL(q%, q%ﬁf'* (9%))
denote the optimal utility of type g% from the contribution stage of the game. Anticipating
this utility level, the value of informed giving for the lead donor is simply the difference
between the expected informed and uninformed utility:

VE(r?) = nZul* (qu) + mfar™ (q) — ut” (g%) (2-13)

The value of information depends crucially on the charity’s equilibrium fundraising
strategy through its effect on g{ and 71%. In particular, the following lemma points out
that VZ(7?) is positive if and only if the two charity types (partially) pool in equilibrium,

thus leaving the lead donor uncertain of the charity’s quality.

Lemma 2-3. V7 (7?) is continuous in 7t¢ € [0,1]. Moreover, VZ(n%) = 0 for ¥ € {0,1}

and VE (%) > 0 for all i € (0,1).

The value of information is always non-negative as more informed giving allows the
lead donor to better tailor her contribution to the value of the public good. In the ex-
treme case of the two charity types following a fully separating fundraising strategy, the

fundraising scheme is perfectly informative, i.e. 7r].Z = 1 for some j € {l,h}, rendering

12See Claim 1 in the proof of Lemma A-2.
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information acquisition inconsequential. Such fully separating equilibrium, however, is
rather incidental as it holds for very limited set of parameter values. Note that in such an
equilibrium, it must be the case that the low quality charity chooses the matching scheme,
while the high quality charity chooses seed money. Otherwise, if matching is a pure signal
of high quality, by Lemma 2-2, " (qn) > G (q;) and thus the low quality charity will
for sure have incentives to mimic the high type and deviate to matching. Therefore, in a
fully separating equilibrium, it must be the case that seed money is a pure signal of high
quality. Moreover, in order to prevent deviation by either type of charity, the two schemes
must raise the same amount of money (ES’* (qn) = " (q1)). This makes the fully sep-
arating equilibrium rather incidental. However, the observation that both charity types
must generate the same amount of equilibrium donations extends to any equilibrium

with no information acquisition, as highlighted by the following Proposition.

Proposition 2-3. (Fully uninformed equilibria) In every equilibrium with no information acqui-

sition on the equilibrium path, i.e., a** = 0 for all Z with ¥ ,BZ'*(q]') > 0, each scheme on the
j

equilibrium path results in the same total donations and each charity raises the same amount of

money.

In the absence of information acquisition, the high quality charity is not able to effec-
tively separate from the low quality charity. This is because the charity’s payoff function
does not satisfy the single crossing property and thus imitation by the low type is com-
pletely costless in this case. Consequently, the two charities will either pool on the same
scheme or the two schemes would be equally attractive to prevent profitable deviation.
Since this is not consistent with the experimental evidence alluded to in the Introduc-
tion, I instead focus on equilibria, in which information acquisition occurs with positive
probability.

In order for information acquisition to take place, the value of information should
be sufficiently high relative to the cost. In particular, if the value of information under

matching at the prior distribution VM(71) exceeds the cost k, the other extreme case of
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fully informed equilibrium always exists. Such fully informed equilibrium, however, re-
quires both charity types to pool on the matching scheme, as revealed by the following

Proposition.

Proposition 2-4. (A fully informed equilibrium) Fully informed equilibrium with a?* = 1 for

all Z on the equilibrium path (i.e. ¥ B“*(q;) > 0) exists if and only if VM(7r) > k. Moreover,
j

the fully informed equilibrium is unique with BM*(q;) = 1 for all j € {I,h}, a™* = 1, and

—M,* %
G (qn) = GM*(qy).

Proposition 2-4 is an immediate consequence of Lemma 2-2 that reveals the superior-
ity of matching over seed money for a fixed quality level. Intuitively, as long as the lead
donor obtains information with certainty, the high quality charity can fully rely on the
lead donor to signal this quality to the follower donors through her donation choice. As a
result, matching is preferred by both charity types since it incentivizes more giving. Inter-
estingly, the amount of money raised by the high quality charity in equilibrium exceeds
the amount raised under complete information (EM’*(qh) > GM*(g;,)). This is because
the lead donor’s contribution is tailored to signal away from the low quality type, which
may require a match that exceeds the one chosen under complete information. In this
respect, limited quality transparency on the market can in fact benefit the high quality
charity by increasing the lead donor’s contribution amount.

Proposition 2-4 implies that the lead donor must have reduced incentives to acquire
information in order for the high quality charity to find seed money attractive. How-
ever, Proposition 2-3 indicates that the other extreme of no information acquisition also
does not provide strict incentives for seed money fundraising. Thus, I next turn to par-
tial information acquisition. In particular, I focus on equilibria with partial information

acquisition, in which seed money is on the equilibrium path!3. I refer to such equilibria

13As typical for most signaling games, there is multiplicity of equilibria, including an equilibrium, in
which seed money is off the equilibrium path due to very pessimistic beliefs about the charity’s quality.
For my purposes, however, the more relevant equilibria involve seed money being utilized by charities in
equilibrium since it allows me to address the question of which type of charity is more likely to employ
seed money fundraising.
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as SPI (seed-partial info) equilibria. More formally, the likelihood of scheme Z emerging
in equilibrium, E[3%*], and the corresponding expected likelihood of information acqui-

sition, E[a*], are given by

E[B*] = B (qn) + (1 — ) B (q1) (2-14)
Ela*]= Y E[**|a** (2-15)
Ze{S,M}

The following statement provides a formal definition of a SPI equilibrium.
Definition 2-1. SPI equilibrium satisfies E[3>*] > 0 and E[a*] € (0,1).

A SPI equilibrium requires both that seed money is chosen with positive probability
by some quality type and that there is limited information acquisition on the equilibrium
path. Note that limited information may arise as a result of randomization in the informa-
tion acquisition strategy by the lead donor for a given scheme or the lead donor’s asym-
metric information acquisition strategy under the two schemes. The following Lemma
provides sufficient conditions for the existence of a SPI equilibrium and some notable
properties.

Lemma 2-4. (Existence of a SPI equilibrium) A SPI equilibrium exists if VP (rt) > k and
ES’*(E[q]) > EM’*(qZ). Moreover, every SPI equilibrium satisfies 1) B5*(q;) > 0 for all
je{Ln};2) aM* < 1and o> € (0,1).

Lemma 2-4 states that a SPI equilibrium exists as long as the cost of information is low
relative to the value of information under seed money at the prior 7 (i.e, V() > k), and
the prior expected quality is high enough so that the uninformed seed money fundraising
at the prior is sufficiently attractive for the low type (i.e, G (Elq]) > G (q1)). This is
because, as stated by the first property, both charity types must be present in seed money:.
To understand the first property, note that the low type would never unilaterally choose

seed money since it would perfectly reveal its quality. The high type, on the other hand,
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may find seed money attractive if it is perfectly revealing of its quality, but the resulting
zero value of information and no quality verification by the lead donor, would make seed
money also attractive for the low type. Thus, in equilibrium, both types need to utilize
seed money, resulting in strictly positive value of information (Lemma 2-3).

Given the presence of both types in seed money, the second property in Lemma 2-4
requires that information acquisition is less than perfect under the matching scheme and
that the lead donor strictly randomizes in her information acquisition strategy under seed
money. Less than perfect information acquisition under matching (a™* < 1) and some

information acquisition under seed money (a°*

> 0) is necessary in order for the high
type to consider seed money fundraising. In addition, limited information acquisition
under seed money a** < 1 is required in order to make seed money attractive for the low
type.

Lemma 2-4 establishes that with partial information acquisition, seed money cannot
be a perfectly revealing signal of quality. Nevertheless, I are interested in how seed money
compares to matching in conveying quality information to donors. The following Propo-

sition delivers a sharp prediction by establishing that in any SPI equilibrium, seed money

is a stronger signal of high quality compared to matching.

Proposition 2-5. In every SPI equilibrium, the seed money scheme is associated with higher
expected quality, i.e. 77 > qi*, and higher expected donations, i.e. E; [Eﬁ'*(qj,qfi*,a&*)} >

—M,* % % .
E; |G (q]-,qﬁf’ oM )],for] € {1, h}.

Proposition 2-5 is consistent with the experimental evidence alluded to in the Intro-
duction. It reveals that in every SPI equilibrium, seed money is associated with higher
expectation of quality, which implies that it is chosen by the high quality charity more
frequently that by the low quality charity. Intuitively, the attraction of seed money for the
high quality charity is in its ability to signal the charity’s quality more reliability. Thus,
by eq. (2-12), seed money must be either associated with higher expected quality for the

uninformed lead donor or induce more information acquisition by the lead donor relative
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to matching. However, if the benefit is coming purely from more information acquisition,
such that a>* > a™* and q]L\[/I’* > qlsl’*, then the low quality charity would strictly pre-
fer to fundraise for matching. This is because unlike the high type, the low type dislikes
information acquisition and would find matching more attractive if it is less informative
and associated with more optimistic belief regarding its type. Thus, a necessary condition
for both types to find seed money attractive is for seed money to signal higher quality to
donors.

An immediate consequence of the higher posterior belief under seed money (i.e. 7(5’* >
n]]qw’*) is that seed money raises higher expected donations relative to matching. To see
this, note that since both charity types choose seed money with positive probability (by
Lemma 2-4), it must be true that seed money generates at least as much expected contri-
butions as matching for either type, i.e. Eg’*(qj, q%*,as'*) > E?’*(qj, q]L\I/I’*,aM'*). How-
ever, since these expected contributions are strictly increasing in the charity’s quality, high
contributions are more frequent under seed money relative to matching. As a result, the
overall expected donations are higher under seed money.

In terms of the fundraising strategies, the SPI equilibrium is not unique. While both
types need to be present in seed money (Lemma 2-4), this is not necessarily the case for
the matching scheme. The possible equilibrium strategies vary with both types pooling
on seed money, only the low type being present in matching, or each type being present
in both schemes. The more interesting equilibria involve both schemes being on the equi-
librium path. Thus, in the remainder of this subsection, I focus on characterizing this set
of SPI equilibria.

For any equilibrium with strict mixing in information acquisition under Z, it must be

the case that the value of information is equal to the cost. Let (7%, #™) denote the pair of

posterior beliefs that satisfy the following conditions:

Definition 2-2. The set of posterior beliefs (7°, AM) with corresponding expected qualities (47, GM)
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satisfy:

Cl: VEA?) =k for Z={S,M}

c2:  Ap>AaM

In Appendix A, I show that as long as the value of information under the prior exceeds
the cost for each scheme, i.e. V#(7r) > k, there always exits a (non)degenerate strategy
by the two types of charities that guarantees a pair of posterior beliefs that satisfy C1 and
C2. Using this property, the following Proposition describes the equilibrium strategies by

the two charities that emerge under a SPI equilibrium.

Proposition 2-6. Consider SPI equilibria, in which M is on the equilibrium path.

1) If VP (t) > kand ES'*(E[Q]) > EM’*(ql), there exists an equilibrium with B>*(q;) = 1
and B>*(q;) € (0,1) satisfying V{ (nsf*) — k.

2) If VE(rt) > k for all Z and CS*(QSU) > EM’*(Q{\J/I), there exists a fully non-degenerate

equilibrium with

~S ~AM ~S ~AM

S« T T = 70, s 1—7y m,— 7,
’ —’ 2-16
IB (q ) T, A h A}]Z\/I ﬁ (ql) 1_7Th 7Th_7T;]ZVI ( )

where 0 < B>*(q;) < B5*(q5) < 1.

Proposition 6 characterizes two types of equilibria. In the first one, only the low qual-
ity type chooses matching, making matching a sure signal of low quality, while both types
are present in seed money. Note that in such an equilibrium, the low type of charity is
indifferent between the two schemes and in equilibrium randomizes to make the lead
donor indifferent in her information acquisition strategy under seed money. To guaran-
tee the existence of such an equilibrium, the cost of information should be sufficiently low

to ensure some information acquisition under seed money in equilibrium. Moreover, the

28



low quality charity should raise significant donations under seed money when the lead
donor is uniformed to compensate for the lower donations when she is informed.

In the second equilibrium, both charities are randomizing between matching and seed
money. This equilibrium is important since it illustrates that both schemes could be used
by the two charity types. Thus, neither schemes is perfectly informative, but rather in
equilibrium the follower donors use both the fundraising scheme and the size of the lead
donor’s gift to infer information about the charity’s quality. This equilibrium requires
not only that seed money is sufficiently lucrative for the low type when the lead donor is
uninformed, but also that uninformed donations raised under matching are low enough
to make seed money an attractive option for the high type.

Overall, the analysis in this subsection illustrates that with costly information acqui-
sition, seed money is likely used by the high quality charity to credibly signal its quality.
More importantly, I illustrate that with both schemes being utilized in equilibrium, the
seed money scheme is always indicative of a higher expected quality compared to the
matching scheme. This is a rather strong result that provides a feasible explanation for
the recent experimental findings. In the next subsection, I discuss a few extensions and
variations of the model both to highlight the robustness of this finding and to inform
how the signaling via the fundraising scheme is affected by factors such as the possibility
of opting out of leadership fundraising, the presence of an alternative credible signal of

quality, and warm-glow incentives for giving among donors.
2.6 Model Extensions and Variations

This subsection extends this model in multiple directions. Subsection 2.6.1 illustrates
that the role of seed money as a signal of higher quality extends to an arbitrary finite
quality distribution. Subsection 2.6.2 studies the impact of expanding the set of scheme
choices by the charity to allow for no leadership giving, while Subsection 2.6.3 studies
the impact of warm-glow motivations for giving on the signaling role of the fundraising

scheme. Both extensions illustrate the robustness of my results to richer environments.
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Subsection 2.6.4 studies the impact of an alternative information source to donors. It
establishes that the presence of such information decreases the lead donor’s value of in-

formation under seed money, which in turn reduces the possibility of SPI equilibria.
2.6.1 Multiple Quality Types

Consider an extension of the base model to finite qualities where g € {g1, 92, ......., 4t}
with t > 2 and q;; < g for all j € (2,f]. The corresponding distribution of types
m = (m, 1, ..., ¢) denotes the likelihood of each type prior to any action being taken
by the players. The information structure and timing of the game is identical to the base
model.

Analogous to the base model, the lead donor’s type g% € {q3, s q%, Qj+1, -Gt} can
take t + 1 values as it includes the possibility of the lead donor choosing to remain un-
informed, where her type is the expected quality g5 = Z§:1 n].Zq]-. Given the probability
of information acquisition, a?, and letting £ = {1,2,...,,t} U {U}, the prior belief, 7]% is
given by eq. (2-10).

Similar to the two type case, in the least costly separating equilibrium the lead donor’s
contribution amount is perfectly informative of her type with EM(q ) > G (qc) for all

g in a large economy. The corresponding value of information is
Z(Z N 7z Zyx( 7
Vi(n®) =) ma(g) — up " (qG) (2-17)
j=1

It is straightforward to verify that the fully informed equilibrium exists as long as
VM(7t) > k and necessitates pooling on matching. The other extreme of fully uninformed
equilibrium requires each charity and each scheme on the equilibrium path to raise the
same amount of money. Thus, similar to the two-type case, I focus my analysis on SPI
equilibria defined by Definition 2-1. The following Lemma states that in any SPI equilib-
rium, information acquisition has to be limited under matching and positive under seed

money to induce seed money fundraising by some charity types.
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Lemma 2-5. Every SPI equilibrium satisfies 1) a™* < 1 and «>* > 0; 2) 7'(}?’* < 1 for all

je{l, ..t}

Limited information acquisition under matching (#™* < 1) is necessary to prevent un-
raveling, in which each charity type deviates to matching. To see this, note that with full
information under matching, total donations under matching must exceed total donations
under seed money for each charity with above average seed money quality, g, > qif*,
since G (qc) > G (qr) > e (477). Intuitively, a charity is willing to solicit for seed
money only if it generates more favorable beliefs about its type under seed money. This
implies that any charity above the average quality q%* would prefer to avoid seed money.
This would reduce the expected quality under seed money, causing further unraveling, in
which all charities gravitate towards matching. Thus, to induce seed money fundraising,
matching should be associated with less than perfect information acquisition.

Similar dynamics as the one described above would take place if there is no informa-
tion acquisition under seed money. Then, by the definition of a SPI equilibrium, a™* > 0.
Thus, the expected giving under matching C]EVI'* 9z, qﬁf’*, aM*) is strictly increasing in g,
while the expected giving under seed money, G (qu*), is uniform across the charities.
This implies that the highest quality types would choose matching and thus the expected
quality under matching, q{\f'*, should exceed the one under seed money, qil’*. Conse-
quently, any type g, > q%* would have strict incentives to deviate to matching, further
reducing q‘ii* and causing all charity types to gravitate towards matching. Thus, some

information acquisition under seed money (a°*

> 0) is necessary to make seed money
fundraising attractive.

The second property in Lemma 2-5 follows immediately from the first one. In order for
information acquisition to take place under seed money, it must be the case that the value
of information is positive, which necessitates (partial) pooling, i.e. 7(].5’* < 1. Even though

seed money is only partially informative about the charity’s quality in equilibrium, the

following Proposition states that it is associated with higher expected quality relative to
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matching.

Proposition 2-7. In every SPI equilibrium, the seed money scheme is associated with higher

expected quality, i.e., q);* > g,

Proposition 2-7 generalizes the main result by showing that for arbitrary discrete dis-
tribution of types, seed money on the equilibrium path must be associated with higher
expected quality relative to matching. To glean more insight into the equilibrium forces
that drive this result, note that the highest type present in seed money 7° > qu* must
necessarily exceed the expected quality under match, i.e. 7° > q]L\I/L* to prevent §° from
deviating to matching'#. Moreover, 7° finds seed money attractive either because it leads
to higher uninformed giving, implying qif* > q]L\I/I’*, or has an informational advantage
over matching, a>* > aM*. However, if the advantage is coming purely from informa-
tion acquisition, then the lowest type under seed money QS must have strict incentives
to deviate to matching. To see this, note that by definition 4> < gy < g, implying
that information acquisition is never good news for QS. Thus, matching would be a more
attractive option for gs as it is both less informative and associated with more optimistic
beliefs about its type. This shows that q%* > q]L\IA’* is necessary to prevent deviation by
both the highest (§°) and the lowest (QS ) type under seed money.

Unlike the two-types case, characterizing the full set of SPI equilibria can be challeng-
ing. In the two-types model, the higher expected quality under seed requires that the
high quality charity chooses seed money more often than the low quality charity. Thus,
the likelihood of choosing seed money has to be monotonically increasing quality. This

monotonic relationship no longer needs to hold with multiple quality types as the follow-

ing example illustrates.'®

UNote that if gM* > 75 > g%, then G (¢M*) > G (7°) > G (%) > G (¢5").

15Proposition 2-7 establishes that the equilibrium posterior distribution under seed money 7°* second-
order scholastically dominates the one under matching, 7"*. With two types, second-order stochastic
dominance implies first-order stochastic dominance as well, which in turn requires a monotonically in-
creasing relationship between the charity’s quality and the likelihood of seed money. With multiple types,
second-order stochastic dominance does not require such monotonic relationship.
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Example: Let u;(g;, G, q) = (w; — g1)*° + gG®! with w; = 2000, and g € {50,500, 600,
700,2000} with T = (0.65,0.1,0.05,0.05,0.15). For k = 17.67, the following strategies

constitute a sequential equilibrium in the limit economy:
B5*(q) = (0,1,0,0,1), &% =1, a™* = 048

To verify this equilibrium, note that the posterior beliefs and expected qualities are:

4 6 13 1 1
Spx _ Mx _ (2¥ el
T (0,-—,0,0, T (15, ,15,15,0) ,

Sk _ M« _
500 15) g =1400 , gM* =130

To derive the equilibrium contributions, note that by Proposition 2-1 and eq. (2-3),

-1
GS'L(‘]]:/ di) = <

Jw]
Aqr

1 1
=9 -1 =9
) and GM*(q7,d}) = (1(73111)%) . The lead donor’s contribu-

. —=Z % .. _ _ —=Z %
tion for each type g, d;” (q.), maximizes ur(qz,qz,d%) st ur(qe-1,9c-1,41 (9c-1))

> ur(qe-1, qg,ﬁf'*(ﬁ)), where g,_1 denotes the highest type below g..® The numeric

solution to this constrained optimization problem is'’:

g $7(q) C(g) m(q) G(g) Gr'(g) Gr(g)
50 0 15.64 0.10 17.39 15.64 46.61

500 | 45.55 202.01 0.56 331.09 202.01 197.19
600 86.76 247 .37 0.70 446.07 247 .37 252.38
700 129.26  293.58 0.77 553.68 293.58 304.03
2000 | 610.54 942 .59 0.78 1788.82 942 .59 896.90

g 36123 63418 | _ _
a0 055  73.59

where EZ’*(qj) = G%(qF, Ef'*(qj)) and E%’*(qj) is the equilibrium expected giving
defined by eq. (2-12). Comparing E;’* (g;) and E?’* (gj) establishes g>*(q) = (0,1,0,0,1).

16Lemma A-2 establishes that ﬁL(qg,l,qg,l,Hf’*(qg,l)) > ﬁL(qL,l,qg,Eg’*(E)) is the only constraint
that might be binding at the optimum.
7This numeric solution allows for lump sum donations and match ratios to be multiples of 0.01.
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Moreover, by eq. (2-17) V{ (715*) = 40.25 > VM(7nM*) = 17.67 = k. Thus, the lead donor

has no incentive to deviate from a°* = 1 and a™* = 0.48.
2.6.2 Opting Out of Leadership Giving

So far, I have assumed that the charity always chooses to reveal the lead donor’s gift
and thus the only decision that the charity makes is whether to ask for seed or matching
leadership gift. One may wonder how the relative appeal of the two leadership schemes
may change if I allow the charity to opt out of leadership giving completely. In the spirit
of Vesterlund (2003), suppose that the charity can commit not to announce (N) the lead
donor’s contribution and instead to solicit each donor for an unconditional gift. This
turns the contribution game into a simultaneous game, precluding the possibility of sig-
naling by the lead donor and leaving the scheme choice as the only possible source of
information.

It is important to note that unlike Vesterlund (2003), who allows the lead donor to
donate multiple times, I model the lead donor’s decision as a one-time contribution.
However, this distinction becomes immaterial in a large economy. As pointed out by
Vesterlund (2003), under symmetric quality information, sequential and simultaneous
contributions raise the same amount of money if the lead donor is allowed to contribute
multiple times. This equivalence also holds in the limit economy with purely altruistic
donors. This is because, as pointed out by Proposition 2-1, the lead donors’ seed money
gift is completely crowded out in the limit, making seed leadership giving inconsequen-
tial under complete information. Thus, in the limit economy, the main distinction between
seed money and non-announcement must come from the quality information conveyed
to donors. The analysis in this subsection focuses on this case.!®
The equivalence of seed money and non-announcement under complete information

implies that matching is still the dominant scheme. Under endogenous information ac-

18While for the sake of brevity I focus on the limit economy, similar to the base model, it can be shown
that my main insights hold in the case of a finite, but large economy.
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quisition, the comparison of the three schemes is less clear since the use of a leadership
scheme does not guarantee informed contributions. Similar to the main model, in the
absence of information acquisition, the two charity types must raise the same amount of
money under any scheme on the equilibrium path since the lack of verification makes it
costless for the low type to mimic the high type. Interestingly, however, fully informed
equilibrium, in which the lead donor acquires information with probability one, no longer
guarantees the use of matching. Recall from Subsection 2.5 that the low quality char-
ity favors matching over seed money if his type is fully revealed in equilibrium. Non-
announcement, however, provides means for the low quality charity to pool with the
high even if the lead donor chooses to acquire information. The high quality charity may
also favor non-announcement if matching is associated with sufficiently pessimistic be-
liefs about the charity’s quality, forcing it off the equilibrium path. Nevertheless, a fully
informed equilibrium precludes the possibility of seed money as stated by the following

Lemma.

Lemma 2-6. In the limit economy (n — oo), any fully informed equilibrium (ie., a** = 1
for all Z on the equilibrium path) requires that seed money is chosen with zero probability (i.e.
B>*(q;) = O forall j = {I,h}). Moreover, the two types of charity pool either on matching
(BM*(q;) = 1 for all j = {1, h}) or non-announcement (BN*(q;) = 1 for all j = {1, h}).

The intuition behind Proposition 2-6 is straightforward. Given an informed lead donor,
matching always dominates seed money for the low charity type. Thus, seed money can
be chosen only by the high type, which in turn results in no verification under seed money.
Therefore, fully informed equilibrium precludes the use of seed money.'?

The second part of Lemma 2-6 rules out the possibility of both non-announcement and

matching being on the equilibrium path at the same time in a fully informed equilibrium.

Lemma 2-6 stands in contrast to Vesterlund (2003), who shows the existence of an equilibrium, in which
seed money results in full information acquisition by the lead donor. The possibility of matching and the
fact that the low quality is non-zero (g; > 0) precludes such equilibrium in my setting since the inability of
the low quality charity to pool with the high under seed money makes matching strictly more attractive for
the low quality charity.
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This is because, as shown in Lemma A-3 in Appendix A, the contribution amount raised
by a high quality charity in the limit economy under non-announcement, Cﬁ'* (qn, gy, a),
is bounded above by the corresponding seed money contributions, Efc',* (qn), due to the
lead donor’s inability to signal the charity’s quality under non-announcement. Moreover,
from Proposition 2-2, I know that matching performs strictly better than seed money in
a fully informed equilibrium for any quality type. It follows that the high quality charity
would also strictly prefer matching over non-announcement if matching is on the equi-
librium path and results in full verification. This, in turn, implies that non-announcement
has to be associated with low quality, making it unattractive for the low quality charity as
well. Clearly, both types choosing the matching scheme under full verification is sustain-
able with off-equilibrium belief that non-announcement and seed money are associated
with low quality. Both types choosing non-announcement with off-equilibrium belief of
low quality under matching and seed is also sustainable as long as the low quality charity
raises more money by pooling with the high type under non-announcement than getting
the low quality contributions under matching, i.e. Eﬁ'* (q1,9u,1) > EOAC/,I’* (g1).%°

Similar to the main model, Lemma 2-6 implies that seed money should be associated
with partial information acquisition in order to attract both charity types. The following
Proposition establishes the possibility that seed money conveys the strongest signal of
quality in equilibrium.
Proposition 2-8. Every SPI equilibrium satisfies q7;* > qit*. Moreover, if VS(rt) > k and
Ei;*(E[q]) > Ef’*(ql), there exists a SPI equilibrium, in which seed money is associated with

the highest expected quality, qfl'* > max{q{\f’*, qﬁ]*}

The first part of Proposition 2-8 generalizes my main finding and establishes that the

presence of non-announcement does not impact the relative quality comparison of seed

2In Lemma A-3, I show that Cﬁ’* (q1,9Y,aN) > Ef;* (g1) for g} > g, since non-announcement allows
the low quality charity to conceal their quality from downstream donors. This makes it possible for the
low quality charity to raise more money under non-announcement relative to matching in an incomplete
information setting.
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money and matching gift. This is intuitive in light of the earlier discussion. The sec-
ond part of the Proposition establishes the possibility that seed money is also a stronger
quality signal relative to non-announcement. In fact, an equilibrium, in which non-
announcement is off the equilibrium path and construed as a signal of low quality clearly
meets this description. However, the comparison between non-announcement and seed
money is less clear-cut and similar to Vesterlund (2003), I cannot rule out the existence
of equilibria, in which non-announcement is a signal of higher quality than seed money.
Such equilibrium requires that non-announcement emerges as the highest quality sig-
nal since 477 > g holds in every SPI equilibrium. Since Eg’*(qh,qg,al\] ) < G2 (an)
for g < g, (see Lemma A-3), it also requires that seed money induces little verifica-
tion, preventing the high quality charity from generating significant separation from the
low quality charity under seed money. Intuitively, the only advantage of seed money
over non-announcement in a large economy is in its signaling potential through the lead
donor’s gift. Thus, the lack of significant verification on the lead donor’s part would re-
move this advantage of seed money over non-announcement, opening the possibility for

non-announcement to emerge as a higher quality signal.?!
2.6.3 Warm-glow Giving

So far,  have assumed that donors’ giving is driven purely by altruistic motives. How-
ever, as contended by Andreoni (1988, 1990) many settings involve donors that exhibit
“impure altruism.” Thus, in this subsection, I incorporate warm-glow motives as well

and show that my main findings extend as long as the altruistic motives for giving are suf-

Z'While I cannot rule out this possibility, constructing such an equilibrium is challenging. Similar to seed
money, it is easy to see that non-announcement cannot be perfectly informative in equilibrium, implying
that the two schemes are equally attractive for both quality types, i.e. Cﬁ (aj, qg’*, aN*) = ng (qj, qf[’*, aS*)
for j = {I,h}. This, in turn, requires that a™"* [Ei\i’*(qh, qay, aN*) — éﬁ'*(ql,qg'*,aN'*)} = aS* [ECS,O* (qn) —
Cfg*(ql)]. As revealed by Lemma A-3, the gap in informed contributions between the high and the low
quality charity is lower under non-announcement as it precludes information transmission to downstream
donors. As a result, non-announcement should result in significantly more information acquisition than
seed money. Investigating this possibility numerically using a CES utility function for donors’ preferences
reveals that this requires very low expected quality under seed money, making matching more attractive
than seed money for the low quality charity. This, in turn, causes the SPI equilibrium to fail.
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ficiently strong to engender finite drop-out levels for all wealth “types” in the economy.

To illustrate this point, consider the following generalization of donors’ preferences:

(i, G,q) = h(w; — &) +q9(G, &) (2-18)

where 9g(-) > 0,9c6(-) < 0,7¢(-) > 0, and Tge(-) < 0. Thus, donor i cares not only
about the total public good provision, but also about being the one providing it. I fur-
ther assume that q3(0,0) > h'(w;), ensuring positive equilibrium provision; g (-) +
Bg¢(-) < 0, ensuring the uniqueness of the follower donors’ best response function; and
966 (+) + 0gc(-) < 0, ensuring downward sloping reaction functions, which in turn guar-
antees the uniqueness of the equilibrium contributions. Consistent with my main model,
I continue to assume that Gl zlﬂooqﬁc (G,0) = 0, which implies that altruistic motives for giv-
ing eventually vanish as provision grows??. Then, under common belief about g, donor

i’s optimal contribution amount solves:
W (wi = gf) = q96(G”, 7)) (1+mlu) + q05(G%, gf) (2-19)

The right-hand side of eq. (2-19) is the sum of the marginal benefit of contributing
to the public good due to altruism and warm-glow, respectively. Interestingly, only the
former depends directly on the match ratio since the matching contributions are given by
the lead donor and thus do not induce any additional warm-glow for the follower donors.
Therefore, from the above equation, it is evident that the difference between the followers’
response to matching and seed money, which is at the core of my analysis in Subsection
2.5, is driven entirely by altruistic considerations. Consequently, in order for matching
to outperform seed money in a large economy, it is necessary for altruism to outweigh
warm-glow considerations by donors, resulting in a finite contribution amount in the

limit economy. The following Proposition provides sufficient conditions for matching to

22Recall from eq. (2-3), that this ensures finite drop-out level in absence of warm-glow.
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strictly outperform seed money in the presence of warm-glow.

Proposition 2-9. Given publicly observable quality q, in the limit economy (i.e., n — o) total

contributions, lim GZ*(q) = G%*(q), satisfy:

a) G%*(q) < GX™*(q) < oo if lim qdg(G,0) < I (w1).?> Moreover, the first inequality is

G—oo

strict if the elasticity e5(Gy°(q),0) < 1.2

b) G5 (q) = G (q) = oo if lim q0g(G,0) > K (wy).

G—oo

Part a) of Proposition 2-9 provides a sufficient condition for a finite drop-out level
under both schemes. It requires that the warm-glow contribution incentives are weaker
than the benefit of private consumption at high levels of public good provision. To see

the necessity of this condition, recall that the drop-out level G~Z-Z’O (g, mlpr) solves

q96(G°,0) (14 mly) +q0g(G?,0) — W (w;) = 0 (2-20)

Since the altruistic motives for giving vanish as the public good provision grows, i.e.
éiﬂwqﬁc(G, 0) = 0, in order for contributions to converge to a finite level, it must be the
case that the warm-glow motives for giving are also weak to dissuade giving at large lev-
els of public good provision. Then, analogous to Subsection 2.4, finite provision in the
limit economy implies that matching outperforms seed money. The comparison between
the two schemes is strict as long as the lead donor finds it optimal to provide a posi-
tive match in the limit economy, which is guaranteed by the last condition in part (a) of
Proposition 2-9. This strict preference for matching by the charity, in turn, sets the stage
for the charity to use seed money as a costly signal of high quality. In fact, it is straight-
forward to verify that the analysis in Subsection 2.5 generalizes to preferences that satisfy

the conditions outlined in part a).

23Yildirim (2014) shows that this condition is equivalent to downward sloping reaction functions in the
limit economy under simultaneous contributions.
(066(G,8)+0,6(G,8))G

24Recall that the elasticity of the marginal value 95(G, g) is €5(G,g) = — 5a(Ca)
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Part b) of Proposition 2-9 reveals that in the presence of strong warm-glow motiva-
tions, public good provision grows infinitely large as the donor population increases.
This occurs because some wealthy donor types, driven purely by warm-glow consider-
ations, give strictly positive individual contributions in the limit economy. As a result,
total contributions increase without bound as the donor population grows. This has im-
portant implications for the charity’s signaling incentives. In particular, with warm-glow
as the only driving force, the form of the leadership gift does not have any effect on the
followers’ giving motives. Thus, matching and seed money become equivalent in a large
economy and end up raising the same amount of funds. This makes signaling by the
charity obsolete and thus seed money is as likely to be a signal of high quality as match-
ing. Overall, Proposition 2-9 reveals that altruistic motives for giving play an important

role in incentivizing quality signaling via the fundraising scheme in a large economy.
2.6.4 Alternative Information Source

In the base model, I assume that the scheme and the lead donor’s donation amount
are the only possible sources of information for donors. This stark case aims to isolate the
informational impact of the scheme from other possible sources of information. In this
subsection, I briefly consider the impact of alternative information sources. To capture
this possibility in a simple framework, suppose that there is an alternative information
channel, which is successful in reaching downstream donors with probability y. Suppose
also that the realization of -y occurs after the information acquisition decision by the lead
donor.??

Recall from Subsection 2.5 that the SPI equilibrium requires patial information ac-

quisition, which in turn implies that the value of information under seed money should

25 Alternatively, if 7 is realized prior to the lead donor’s information acquisition and contribution de-
cisions, the two subgames that start after the realization of ¢ would correspond to either the complete
information game described in Subsection 2.4 or the incomplete information game described in Subsection
2.5. Thus, the probability of seed money fundraising will trivially decrease as 7y increases since, as shown in
Subsection 2.4, the charity has strict preference for matching when donors are exogenously informed about
the charity’s quality.
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equal its cost, i.e. V7 (1°*) = k. However, the alternative information source available to
donors should intuitively reduce the value of information for the lead donor, as it reduces
the lead donors’ need to signal the charity’s quality to the follower donors. This is partic-
ularly salient in the limit economy, in which the lead donor’s sole purpose for information
acquisition under seed money is to transmit this information to the follower donors. To
see this, recall from Proposition 2-1 that under seed money, any contribution amount by
the lead donor is fully crowded-out, implying that the total money raised, Gf Ygz), is
only a function of the follower donors” belief about the charity’s quality. Thus, given
the lead donor’s fully separating contribution strategy, gi:o(q ), her informed and unin-

formed equilibrium utilities in the limit economy are given by

w5 o (q;,7) = h(wy — 375 (47)) +9;0(G7°(g)), (2-21)

05 o (qt,y) = h(w—Zre(qh) + (1—1)a50(G0(g]) + (2-22)

+ (g0 (GY(gn)) + 7 410(GY (a1))).

The above utilities capture the fact that the lead donor’s gift in the large economy af-
fects total contributions only through its impact on the follower donors’ beliefs. Moreover,
the uninformed lead donor’s impact on total contributions is reduced by the presence of
an exogenous information channel. Taking into account the binding incentive constraints
for the low and the uninformed types of lead donor given by eq. (2-11), I arrive at the

following observation.

Proposition 2-10. The value of information in the limit economy under seed money is given by
Vlsloo(ns,'y) = (11— (g, — qfl) (U(Gls’o(qh)) — U(Gls’o(qf[))) 7'(5, which is strictly decreas-
ing in 7.

Proposition 2-10 is a direct consequence of the lead donor’s reduced value of signaling

as the follower donors become more informed. This, in turn, implies that SPI equilibria,
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which require positive information value by the lead donor, become harder to sustain
with more informed donor population. Moreover, the increased possibility of informed
giving as a result of the alternative information channel will tilt the charity’s preference in
favor of the matching scheme. Consequently, consistent with my intuition, the matching
scheme should become more prevalent as the reliability of the alternative information

channels increases.
2.7 Chapter Summary

My analysis provides a theoretical foundation for understanding the recent empirical
findings in favor of seed money fundraising. It suggests that seed money can be used as
a signaling tool for high quality charities to differentiate themselves from lower quality
charities. This result is rather robust since seed money emerges as a signal of higher
quality in every equilibrium, in which it is utilized with positive probability and features
some information acquisition by the lead donor. I show that this finding continues to
hold in richer environments that include arbitrary finite number of types, the possibility

of simultaneous fundraising, and the presence of warm-glow motivations for giving.
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3. HOW TO INTERPRET THE COMMERCIALIZATION OF MICROFINANCE:
MISSION DRIFT OF MISSION DIVISION?

3.1 Overview

“...the future of microfinance is unlikely to follow a single path... Commercial investment is
necessary to fund the continued expansion of microfinance, but institutions with strong social
missions, many taking advantage of subsidies, remain best placed to reach and serve the poorest

customers...”
Cull et al. (2009, p. 169)

This section focuses on the microfinance market, which was once limited to a few non-
profits, but has witnessed a surge of for-profit MFIs (microfinance institutions) over the
last two decades. This “commercialization,” trend has triggered much debate centered
on the future direction of the industry. While some have interpreted for-profits” entry as
a sign of the industry’s health and success, others have expressed a concern that commer-
cialization leads to profit-seeking and “mission drift.” The latter term refers to a diversion
of microfinance away from its original mission of alleviating poverty. By exploring an of-
ten overlooked aspect of microfinance, the funding process, I offer a novel theoretical
explanation for this polarization.

My model is motivated by two empirical observations. First, studies such as Cull et al.
(2007, 2011) find that commercialization correlates negatively with measures of outreach
to the poor. Second, evidence such as Gonzalez (2007); Husain and Pistelli (2016), reveal
that microfinance costs are increasing in poverty. In other words, non-profit MFIs tend to
serve customers that are poorer and more costly than those served by more commercial
MFlIs. These findings point to the fact that social investors fund two distinct types of mi-
crofinance: one that targets extreme poverty and is typically non-profit, and another that

is more commercial and has lower costs. Ghosh and Van Tassel (2013) present a theory
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that explains the investors’” support of the latter type. They focus on the agency problem
of cost unobservability and show that high interest rates charged by social investors filter
high-cost institutions out of the market. However, this theory does not explain why in-
vestors would focus on low-cost MFIs, given that they come at the expense of MFIs that
target extreme poverty. This theory also cannot explain why the latter MFIs persist in the
market despite high costs.

The above observations suggest that each type of MF], i.e., non-profit and for-profit,
appeals to a different group of investors with varying degrees of concern about targeting
the poorest within the poor. I present a model that captures this variation by allowing
for two types of altruistic social investors. Rawlsian! investors favor the poorest of the
poor, while utilitarian investors are not sensitive to the level of poverty and focus on
costs as a result. These investors face a repayment amount per dollar offered by a socially
motivated MFI with unobservable costs that are increasing in poverty.>? The two sides
play a signaling game, in which investors infer costs and poverty from the MFI’s profit
status (repayment offer).

I first demonstrate that in the absence of information asymmetry, commercialization is
never optimal because the additional funds raised as a result of the higher returns offered
to the investors are not worth the higher repayment burden imposed on the borrowers.
Consequently, the MFI, regardless of costs, has no incentive to commercialize in a trans-
parent environment. However, under information asymmetry, if the fraction of utilitarian
investors is high enough, a low-cost MFI will increase repayment to send a credible signal
of low costs that appeals to utilitarian investors. A high-cost MFI cannot afford this signal
and chooses not to offer any repayment to investors as in the symmetric information case.

Therefore, I conclude that the combination of the high presence of utilitarian investors

! According to the Stanford Encyclopedia of Philosophy, John Rawls argues for fairness as a superior
interpretation of justice (Wenar, 2017) than the utilitarian view, which understands justice as maximizing
the collective happiness (Crimmins, 2020).

2This is equal to principal plus interest or the total amount that is to be paid back by the MFI to in-
vestors in the future. It is negatively correlated with MFIs” subsidy dependence and thus a measure of
commercialization.
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and low-cost MFI’s efforts to attract more funds in a non-transparent environment drives
the commercialization of microfinance. Thus, the presence of for-profits is not a sign of
mission drift. The current mix of non-profits and for-profits is a “division” of the mi-
crofinance mission: for-profits serve large numbers of the marginal poor by tapping into
utilitarian funds, and non-profits take up the more costly task of serving the poorest of
the poor. This finding confirms the conjecture quoted at the beginning of this paper by
Cull et al. (2009), based on their overview of the literature.

The intuition behind this result requires a more detailed description of the model. A
socially motivated MFI and a pool of altruistic social investors play a sequential signal-
ing game. The MFI privately knows whether it serves an extremely poor community
(high-cost) or a marginally poor community (low-cost). It moves first and solicits the
investors for funds by announcing a repayment amount per dollar. Investors, do not ob-
serve the MFI's type but know the distribution, and can infer more information from the
repayment offer. They respond to the MFI’s offer and decide how much to invest in mi-
crofinance. The MF], in turn, uses the funds to lend to the poor and charges them the
repayment promised to investors (financial costs) plus transaction costs that are increas-
ing in poverty. The MFI’s objective is to maximize consumer surplus. Each investor’s
utility is increasing in both private consumption and consumer surplus. A sub-group of
them are Rawlsian and only value consumer surplus if the MFI serves an extremely poor
community. The rest are utilitarian and value consumer surplus regardless of the poverty
level. The distribution of investor types is public information. I solve for the sequen-
tial equilibrium and use the Cho and Kreps (1987) intuitive criterion to refine the set of
equilibria.

I first analyze a benchmark model where poverty is observable (Subsection 3.4) to
show that the MFI’s first best choice is full subsidy (repayment equal to 0). Underlying
this finding is the fact that most for-profit MFIs are unable to pay interest rates that can

compete with those of conventional financial markets, and some even rely on subsidies
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of some sort.?> This is not surprising as the microfinance movement’s reason to exist is
that conventional banks do not find the poor profitable. Consequently, investors incur an
opportunity cost when investing in microfinance by forgoing returns from more lucra-
tive conventional finance. In other words, investing in microfinance is a form of implicit
donation out of the future value of investors” wealth with the incentive of helping the
poor. The model incorporates this idea as an assumption that the net profit margin of
microfinance is lower than conventional finance.* To see the effect, consider a given in-
vestment amount at zero repayment (full subsidy). If the MFI increases the repayment
offer, and the investors want to keep their net giving (forgone future value) constant, they
have to increase their investment. However, since the net yield is lower in microfinance,
the amount that the MFI has to repay the investors to keep their net giving the same will
exceed the extra yield that the added funds create. Therefore, the impact (marginal con-
sumer surplus) of forgone wealth diminishes, which, in turn, reduces investors’ giving
incentives. Note that, the investment amount might increase but not enough to translate
into more net giving.

A simple example would help clarify this point. Say, the conventional market interest
rate is 10% over a year. Hence, the future value of a hundred dollars is $110. If one invests
that money in microfinance, the MFI will lend it to the poor at a transaction cost of $10. A
borrower invests the money in a micro-enterprise, that after a year yields $115. Note that
the maximum amount that the MFI can charge the poor borrower is $115, in which case
the investor will receive $115-$10=5$105 after costs. Consequently, the investor will be $5
short of the future value of her money. The five dollars will be her net donation in this
case. First, consider the case of zero repayment. The MFI will then only have to charge
$10 to the borrower to cover its costs, leaving him with a surplus of $115-$10=$105. The

net donation, in this case, is $110. Now consider a 55% repayment. In this case, for a

3For example, Dieckmann et al. (2007) report that other than a few exceptions, microfinance returns on
equity (with an average of around 4%) are not high enough to attract purely profit-oriented investors.

4The profit margin of microfinance is equal to the future value of a dollar in the hands of the poor, minus
the transaction costs of lending that dollar to the poor.
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$100 loan, the MFI has to charge the borrower $55+$10=$65 to cover costs and financial
obligations, which leaves the borrower with a surplus of $115-$65=$50. Thus, a $100
investment translates into a donation of $110-$55=$55. In order for the net giving to reach
$110, the investor has to contribute twice as before that is $200. The consumer surplus,
however, will be 2 x $50 = $100 that is $5 less than before! This example demonstrates
that as repayment increases, the reduction of impact renders forgoing future dollars less
attractive to social investors. Of course, since higher repayment reduces the opportunity
cost of investing, investments might increase. However, the added funds will not be high
enough to outweigh the increase in borrowers” burden due to higher repayment. The
result is that no repayment is optimal.

Nonetheless, despite the result form the benchmark model, the reality is that for-profit
MFIs hold the lion’s share of microfinance investments. In Subsection 3.5, I introduce the
full model with uncertainty to explain what motivates commercialization and why social
investors increase funding in response to higher repayment amounts, notwithstanding
the added burden on poor borrowers. As a first step, I show that increasing repayment
offer is less costly for a low-cost MFI (in a marginally poor community) because it has
a higher profit margin compared to a high-cost MFI (in an extremely poor community).
Thus, a high-cost MFI is more reluctant to commercialize, and a low-cost MFI can use
repayment to reveal its type, which is a form of single-crossing property. The opposite,
however, is not true. A high-cost MFI cannot separate from the other type, because a
low-cost MFI can always mimic the repayment behavior of a high-cost MFI. As a result,
the form of equilibrium (separating or pooling) depends on the signaling incentives of
a low-cost MFIL. That, in turn, depends on the breakdown of Rawlsian and utilitarian
preferences in the investor pool.

I find that so long as the fraction of Rawlsian investors is high enough, serving the
marginal poor (as opposed to the extremely poor) is not very popular. Thus, in the ab-

sence of information asymmetry, a high-cost MFI will receive more funds than a low-cost
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MFI. Hence, a low-cost MFI has no incentive to expose its type and pools with the other
type on the first best repayment of 0. As the fraction of Rawlsian investors drops, the
investor pool’s preference for tackling extreme poverty diminishes, and so does a low-
cost MFI's incentive to pool. Therefore, partially separating equilibria become possible.
In such equilibria, a low-cost MFI mixes between pooling with the other type and sepa-
rating at a higher repayment amount. With a further drop in the fraction of Rawlsian in-
vestors, the possibility of fully pooling equilibria diminishes. Once the utilitarian fraction
of the investor pool becomes high enough, the order of funding reverses, i.e., investors
contribute more when they verify low costs compared to when they observe high costs.
Thus, a low-cost MFI has an incentive to offer a positive repayment (commercialization)
and signal its type. The single-crossing property described earlier, guarantees that a high-
cost MFI is unable to afford this signal and chooses the first best, i.e., zero repayment. As
a result, the game reaches a separating equilibrium where the MFI perfectly reveals its
type. In summary, as the fraction of utilitarian investors increases from 0 to 1, the equilib-
rium changes from full pooling on zero repayment to full separation with a low-cost MFI
commercializing.

The two distinguishing features of the model underly this result: 1) the variation of
costs with poverty 2) the distinction between Rawlsian and utilitarian investors. The first
teature is a reflection of the intrinsic characteristics of extremely poor communities, such
as remoteness, low connectivity, weak infrastructure, and small loan sizes, that increase
the costs of financial transactions. Thus, even though higher costs mean lower consumer
surplus, they are unavoidable in alleviating extreme poverty. The second feature of the
model captures the variation in investors’ preferences regarding this trade-off, and in
turn, determines which MFI type would be favored and receive more funds. Commer-
cialization as a signal of low costs arises as a result of this interaction between investors’
preferences and MFI costs and poverty under information asymmetry.

Separation (full or partial) in equilibrium is consistent with the presence and higher
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market share of for-profits in the microfinance market and the empirical finding that there
is a negative correlation between financial independence and serving the poorest of the
poor.” Therefore, this study suggests that the dominance of the utilitarian view of welfare
is the underlying explanation. Consequently, the commercialization trend is not necessar-
ily a sign of mission drift. It can alternatively be interpreted as a “mission division” where
all investors are socially motivated and intend to improve welfare for the poor but have
different approaches to the mission that results in different business models. MFIs that
tend to be more commercial (less subsidized) attract more funds from utilitarian investors
and expand microfinance while non-profits rely on subsidies to serve the poorest of the
poor and make sure no one is left behind. In this picture, both non-profit and for-profit
microfinance are indispensable to poverty alleviation. Hence, the microfinance commu-
nity should neither sideline non-profits in the name of efficiency, nor view for-profits as
drifting away from the mission of fighting poverty.

On the policy side, this study urges policymakers to pay closer attention to sources of
funding for microfinance programs to ensure that they are compatible with their poverty
alleviation goals. The reason is that investors” preferences can affect who benefits from
their funds by affecting microfinance business models. Neglecting this point can result
in a program missing its intended target. This idea is especially important given the
attractiveness of microfinance as a cost-effective tool of poverty alleviation.

In the following subsections, I discuss the relevant literature then present the model
and findings. Subsection 3.2 provides a review of the relevant literature. Subsection 3.3
describes the theoretical model. Subsection 3.4 analyzes a benchmark case of full informa-
tion to find the first best strategy of the MFI. The full model with uncertainty is discussed
in Subsection 3.5. Each sub-subsection of Subsection 3.5 discusses the game’s outcome
with a different distribution of preferences in the investor pool. A summary of the results

is provided in Subsection 3.6.

5For example, Cull et al. (2018) find that on average commercial institutions make bigger loans (com-
monly interpreted as wealthier borrowers) and have lower costs compared to non-profits.
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3.2 Related Literature

The theoretical literature on microfinance commercialization is rather sparse. In one
of the earliest papers in this literature, McIntosh and Wydick (2005) show how compet-
ing against for-profit institutions undermines the mission of non-profits by limiting their
ability to cross-subsidize poorer borrowers through more profitable wealthier costumers.
Later, Ghosh and Van Tassel (2011) argue for the benefits of competition between microfi-
nance institutions for funds, by showing that it causes high-cost institutions to drop out of
the market. Karaivanov (2018) focuses on moral hazard and finds that demanding higher
interest on social investments incentivizes MFIs to operate more efficiently. In the closest
paper to my work, Ghosh and Van Tassel (2013) demonstrate that as the microfinance sec-
tor grows, it reaches a point where social investors squeeze high-cost institutions out of
the market to induce efficiency, by charging high interest on their funds. I take a few steps
further by presenting a richer model, which leads to a result that is more consistent with
empirical observations. According to their theory, all microfinance should converge to
for-profit once the sector is large enough. However, as explained earlier, both for-profits
and non-profits continue to have a strong presence in the market, which is consistent with
the findings presented in the current paper.

On the empirical side, studies of commercialization generally point to the social costli-
ness of profits. For example, Cull et al. (2007) conclude that there is evidence of a trade-off
between profits and impact as the more profitable institutions perform worse in measures
of outreach such as average loan size and the fraction of borrowers that are women. Cull
et al. (2011) also find that profit-oriented MFIs are less likely to lend to women or poorer
borrowers compared to institutions with lower commercial motives. Of course, there
is some empirical evidence like Caudill et al. (2009), who find that lower subsidies cor-
respond to more cost-effectiveness over time and Cull et al. (2018) , who find that on
average commercial institutions make bigger loans while having lower costs compared

to non-profits. Nevertheless, there is a trade-off between lower costs and outreach. For
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example, Hudon et al. (2020) use a dataset containing near 500 institutions and find that
only 3% of those institutions are truly profitable and at the same time, serve their social
goals. The rest face a trade-off between profitability and outreach.

There is also some empirical literature on returns to investment and subsidy depen-
dence in commercial (and non-commercial) microfinance. They generally suggest that
microfinance is not very attractive from a profitability viewpoint. For example, Mersland
and Strem (2008) find that the difference between the performance of shareholder-owned
MFIs and non-government MFIs is negligible. Cull et al. (2007) look at data from more
than 120 microfinance institutions and find that even in their sample that contains the
most mature and efficient institutions, there is some reliance on subsidy. A Study by Cull
et al. (2018) later confirms this finding by using data from more than 1300 institutions
to find that the industry is highly reliant on subsidies that average at $132 per borrower.
They also find that most subsidies are indirect in the form of cheap capital or equity

grants.
3.3 Model Description
3.3.1 The Poor

Each poor individual i needs a small loan to invest in a project (micro-enterprise, ed-
ucation, health, etc.). The expected outcome of the project is y; per dollar of investment.
The poor do not have the initial capital for the project and do not have access to conven-
tional finance. Their only source of capital is microfinance (if available) and their outside
option is normalized to 0. The transaction cost of micro-lending (due to remoteness of

location, loan size, etc.) is ¢; per dollar.
3.3.2 Poverty

There are two types of poor communities (villages, slums, or neighborhoods) each
with a large set of poor borrowers. One is extremely poor while the other is marginally

poor. This distinction is captured by a poverty indicator p € {0,1} where p = 1 in-
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dicates extreme poverty and p = 0O-marginal poverty. The average outcome of projects
and average transaction cost of lending in a community are functions of this indicator:
Y(p) = E(y;|p) and C(p) = E(c;|p) respectively. The interest rate in conventional finan-
cial markets (the future value of $1) is I;. Consistent with empirical evidence, I assume

that costs of microfinance make it less profitable than conventional banking.®
Assumption 3-1. Vp Iy > Y(p) — C(p)

Also, consistent with data in Gonzalez (2007) and Husain and Pistelli (2016), I assume
that microfinance becomes more costly at extreme poverty. Therefore, the microfinance

profit margins are higher when poverty is lower.
Assumption 3-2. Y(0) — C(0) > Y (1) — C(1)
3.3.3 Microfinance Institution

The MFI is set up in a marginally poor community with probability 77 an a extremely
poor community otherwise. The MFI is privately informed about its type, while the pub-
lic only knows the distribution of p. The MFI offers a repayment I € [0, I(p)] to raise
funds F. Here, I(p) = Y(p) — C(p) is the maximum possible interest rate that the MFI
can charge the poor. For example I = 0 represents pure donations. Alternatively I > 0
represents a lower level of subsidy dependence and more commercialization. I > 1 rep-
resents positive return to investment (accounting profit). The MFI would then lend to
borrowers and charge C(p) + I per dollar to cover its operational costs (transaction costs)
and financial obligation to the social investor (cost of capital). The MFI’s goal is to maxi-

mize its social impact.

o(F, Lp) =[Y(p) - C(p) 1] - F (3-1)

The term in the brackets represents the average surplus gained by the poor per dollar

of loan. This term multiplied by the available funds F is the total consumer surplus from

®1f this does not hold nothing prevents conventional banks from profitably lending to the poor and there
will be no need for microfinance.
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the microfinance activity.
3.3.4 Social Investors

There is a pool of n altruistic social investors. Each investor i has a large initial wealth
of w and chooses to invest funds f; after observing repayment I. An investor’s utility

depends on both private consumption and social impact:

ui(fi, Foi, 1 p) = g((w — fi)Im + fil) + ¢i(p) (Y (p) — C(p) — I)h(F) (3-2)

¢() and k() are increasing and concave, i.e, ¢'() > 0, ¢"() < 0, K'() > 0, W"() < 0.
The first term on the right-hand side represents diminishing utility from future private
consumption that is equal to returns from investment in conventional finance and micro-
tinance. The second term represents diminishing utility from the social impact of micro-
finance activity. F = )" ; f; is the aggregate funds raised and F_; = F — f;. ¢;() is the
investor’s philosophy coefficient and depends on her type. A fraction ®r € [0,1] of the
population, denoted by set R, are Rawlsian. They are focused on the welfare of the poor-
est and do not value consumer surplus if the MFI is not located in the poorer community
type. For this group and ¢;(p) = p. The ®;; = 1 — O remaining fraction of investors is
denoted by set U. They are utilitarian and value consumer surplus in either community.

For this group ¢;(p) = 1. Hence, in summary:

p ifieR
¢i(p) =
1 ifield

The distribution of types, denoted by & = (P, Pr), is publicly observable.
Timing of the game is as follows:

1. The investors” average philosophy is publicly observed ().

2. The MFI privately observes its type (p).
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3. The MFI publicly chooses repayment (I).
4. The investors simultaneously choose how much to invest in MFI (F).
5. The MFI disburses loans and payoffs realize.

In the next two subsections, I first consider a full information benchmark (Subsection
3.4) an then solve for the sequential equilibrium of the full model (Subsection 3.5). I apply

the Cho-Kreps intuitive criterion for equilibrium refinement (Cho and Kreps, 1987).
3.4 Full Information

Consider the benchmark case, in which the MFI’s type p is observable to the investors.
Once the MFI has offered a repayment I, each investor i chooses her investment (f;) to
maximize her utility:

mjgx ui(fi, F-i, 1, p)

An investor’s optimal response f;(F_;, I, p) has to satisfy the corresponding first oder

condition derived from the above problem and eq. (3-2):”

§'(whv — fi(F-i, L p)(Im — 1)) (Im — I) > ¢i(p) (Y(p) — C(p) — DH'(F_; + fi(F_;, L, p))
(3-3)
Thus the individual best response is:

F(E 4 1,p) = <1M1_1> T {wIM _ gt (‘Pi(P)(Y(P) - C(P)ijfzh;(F—i + filFoi, LP))) ,((;_}4)

From here, the aggregate best response can be calculated as:

(I p,®) = n (%) T {wIM _ g ((Y(P) - C(P;M—_I);l’(F(I, Pz@)) ,0}

(3-5)

’The inequality is strict only for the case of a corner solution where f;(F_;, I, p) = 0.
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Eq. (3-5) states the investor pool’s optimal level of funding in the MFI for a given re-
payment I. However, it is not immediately clear how this optimal investment varies with
changes in repayment amount. In fact, examining eq. (3-3) reveals that for a given com-
munity type p, a repayment increase has two opposing effects: 1) it reduces the marginal
cost of investment (the left-hand side) by closing the repayment gap between microfi-
nance and conventional finance and 2) it reduces the marginal benefit of investment (the
right-hand side) by reducing the consumer surplus per dollar of investment. Since it is
not trivial which effect is dominant, it is not easy to determine how aggregate funding

responds to changes in repayment amount.

In order to shed some light on the investors’ behavior it is best to focus on subsidy
instead of funding. The former is the sum of future returns that social investors “forgo”
when investing in the MFI who repays bellow the markets rate Ip;. A slight rearrange-

ment eq. (3-5) results in the following:

E(Lp,®)(Iy —I) = n (®y + pPr) max {wIM — ¢t ((Y(p) —Clp) = DI (E(L, p,cp))> ,0}

Im—1

The left-hand side of the eq. (3-6) is the investors” “subsidy” or “net giving” to the

MFI, which can be shown to be decreasing in repayment I. The first step is to focus on the

(Y(p)=C(p)-DH (E(Lp,®P))

term Tu—I

in the right-hand side. This represents the marginal benefit of
a unit of net giving (subsidy) which is decreasing in repayment rate I. The intuition is that
an increase in repayment reduces both the consumer surplus and the net giving per unit
of investment, but since by Assumption 3-1 the latter is always bigger, the ratio of the two
terms or the consumer surplus per unit of net giving diminishes.® As a result, subsidizing
the MFI becomes less attractive as the MFI increases repayment to social investors. Hence,
one should expect the total subsidy to be diminishing in repayment rate I, which in turn
suggests that a the lowest possible repayment (a pure non-profit) has to be optimal for

the MFI.

8The mathematical proof is given in Appendix B as part of the proof of Proposition 3-1.
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The above prediction can be formally shown to hold by focusing on the MFI’s problem.
Anticipating the investors’ response given by eq. (3-5), the MFI aims to maximize the

social impact by choosing the repayment I:
max o(F(Lp,®),1p)

At a first glance, the effect of increasing the repayment seems unclear. On the on hand
it has both a direct cost of reducing the consumer surplus per dollar for the MFI and an
indirect effect of reducing the marginal benefit of investment for the investors. On the
other hand, a repayment increase reduces the marginal cost of investment. Nonetheless,
the objective function can be rewritten as the product of total subsidy and the consumer

surplus per unit of subsidy:

max [Y(p)l;g(z;) —1

J-F(Lp,®)(In—1)

Since both terms are decreasing in the repayment amount, the MFI's payoff will also be

decreasing in the repayment I. Thus, the optimization problem has a corner solution at 0.

Proposition 3-1. If p is observable to the social investors, the MFI's optimal repayment is O for
both types, ie. 1*(1) = I1*(0) = 0.° Moreover, let ® satisfy F(0,0,®) = F(0,1,®). For
any ® such that &y > Py, F(0,0,®) > F(0,1,D) and for any ® such that &y < Py,
F(0,0,®) < E(0,1,®).

Proposition 3-1 reveals that in the absence of information asymmetry and signaling
motives, the MFI is reluctant to commercialize. Even though this benchmark model does
not apply to today’s microfinance market, it can help us with understanding the early
days of microfinance when the entire market comprised a handful of non-profits. The

small market was more transparent and in-line with the full information benchmark.

91*(p) represents the equilibrium choice of type p under information symmetry that is independent of
average investor philosophy ®.
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Moreover, early MFIs were focused on the poorest of the poor, which in the context of
this model corresponds to p = 0.1° The resulting equilibrium is that the MFI always
optimally chooses a repayment of 0 and has no incentive to further commercialize. Fur-
thermore, it is straightforward to establish that this result is independent of ®. I, hereon,
will refer to this as the first best repayment.

In the next subsection, I will analyze the full model and demonstrate that under in-
formation asymmetry, when the utilitarian fraction of investors (®y;) is low enough, both
types of MFI pool on the first best repayment. Conversely, when the investors are utili-
tarian enough, the MFI types separate with an institution in the poorer community type
staying at the first best and an institution in the wealthier community type increasing

repayment (commercialization).
3.5 Full Model

Under information asymmetry, once the MFI has offered repayment I, the investors
form a belief about the MFI's type (p) from the repayment. Let the investors’ belief about
the posterior probability of p = 1, upon observing I, be denoted as 77(I). At this point an

investor will choose how much to invest (f;) to maximize her expected utility:

mﬂx EPNU(I)ui(fi, F_ 1, P)

From the above problem and eq. (3-2), an investor’s optimal response f;(F_;, I, #7) has

to satisfy the following first oder condition:!}

8 (wly = fi(F-i, L) (I — 1)) (Ing — 1) = Epey[¢i(p) (Y(p) = C(p) = DI (F-i + fi(F-i, 1, p))]
(3-7)

19As an exmaple one can refer to the famous case of Grameen bank in its early days. Muhammad Yunus
himself was both the source of funding and the manager of the bank. Thus obviously, there was no infor-
mation asymmetry between the investor and the MFL. Moreover, he targeted the poorest of the poor in rural
Bangladesh. (Yunus, 2007)

1The inequality is strict only for the case of a corner solution where f;(F_;, I,17) = 0.
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From this, the individual best response is:

fi(Ffi/I/U) =

1 =1 ((Eral9i(p) (Y (p)=C(p) =D (F_+fi(F_i Lp))] i
(IM—I) max {why - g~ ( T ).0} @9

Comparing the above result with eq. (3-4) implies that each investor’s response lies
between her best responses under full information with p = 0 and p = 1 respectively,

that is:

min(fi(F-i, 1,0), fi(F-;, 1,1)) < fi(F_;, L,37) < max(fi(F-;, 1,0), fi(F-;, 1,1))

However, this does not automatically extend to the aggregate best response F(I,1,P).
To see why, consider the case of 7 = 0. In this case the marginal benefit of investment for
the Rawlsian investors is 0 and eq. (3-7) holds with inequality. Thus a marginal increase
in 7 will increase their marginal benefit, but will not affect their giving. Nonetheless, for
the utilitarian investors, eq. (3-7) holds with equality and they immediately respond to a
marginal increase in 1 by reducing their investment. As a result, the aggregate funding
drops even if the pool of investors is predominantly Rawlsian. Note that this is true so
long as there is at least one utilitarian investor in the pool. Therefore, even though for a
low enough ®y; the aggregate investment will eventually increase in #, the change is not

monotonic.

Lemma 3-1. The aggregate funding is decreasing in belief at 1 = 0, i.e. %}?’@M:O < 0. The
inequality is strict for any @y > 0. Moreover, there exists @ such that ®; < @y and satisfies
F(0,0,®) = F(0, 7t, ®). Then for any ® such that ®y; > Py, F(0,0,P) > F(0, 7r, ) and for
any ® such that &y < $yy, F(0,0,P) < F(0, 7, D).

Lemma 3-1 reveals that the aggregate best response is non-monotonic in the belief 7

over the intermediate range of (®;;, ®(;]. The intuition is that when the MFI is known to
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be in a marginally poor community (7 = 0) all the utilitarian investors find it worthwhile
to invest. However, when the two types have pooled together (7 = ) the investment
incentives of the utilitarian investors diminish while the Rawlsian investors still do not
find that probability high enough to invest. Thus the overall investment drops. At the
other extreme, when the MFI is known to be in an extremely poor community (7 = 1) all
the Rawlsian investors find it worthwhile to invest and the aggregate funding goes back
up and above the level with 7 = 0.

Since investors infer #(I) from the repayment, the MFI's problem would be:

max v(F(Ly(I),®),1,p)

One can extend Proposition 3-1 and find that for a given belief held by the investors,
the first best for the MFI is to set the repayment equal to 0.12 Yet, under information
asymmetry, an MFI might be able to improve the investors’ belief and increase its impact
by increasing the repayment. However, by Assumption 3-2, the marginal consumer sur-
plus of an MFI in the wealthier community (p = 1) is higher for a given repayment, i.e.
Y(1) — C(1) = I < Y(0) — C(0) — I for any I. Therefore, from eq. (3-1) it can be shown

that a repayment increase is less costly for the MFI when p = 0.

Lemma 3-2. (Single Crossing Property) It is less costly for the MFI to increase repayment,

when it is in the wealthier community, i.e. forany Iy < I such that F(I;, (), ®) < F(Ir, (L), ®),

o(F(Ii,7(h),®),h,1) < v(F(I,n(k),P), b,1)

implies

o(F(I,7(Ly), ®), I, 0) < o(E(L, (L), ), I, 0)

12This is Lemma B-1 in Appendix B.
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Lemma 3-2 reveals that only when the MFI is located in the wealthier community it
can separate itself form the other type by sending a credible signal (higher repayment).
This property suggests that in any equilibrium, if more than one repayment appears on
the equilibrium path, higher rates must belong to an MFI that serves a marginally poor

community. This is formally stated in the following lemma.
Lemma 3-3. In all sequential equilibria, the following hold on the equilibrium path:
1. The two types of MFI pool on no more than one repayment, denoted by Ip.

2. An MFI in a wealthier community (p = 0) chooses at most one other repayment, denoted

by IH.

3. An MFI in a poorer community (p = 1) chooses at most one other repayment, denoted by

1.

4. The repayments on the equilibrium path satisfy I < Ip < Ig.

Lemma 3-3 proves that not only it is less costly for an MFI in a wealthier community
to increase repayments ex ante (Lemma 3-2) but also posterior probability of extreme
poverty is non-increasing in repayment on the equilibrium path. Therefore, it is plausible
to expect the investors to hold monotonic off-equilibrium beliefs. In other words, it is
counterintuitive for the investors to observe a higher repayment and form a belief that
the probability of the MFI being in an extremely poor community is higher. I use this to

refine the set of equilibria to monotonic belief equilibria.

Assumption 3-3. A monotonic belief equilibrium is an equilibrium where the investor’s posterior

beliefs satisfy: I < I = n(Iy) > n(Ip)

The exact form of the equilibrium depends on whether an MFI in a marginally poor

community has an incentive to separate and reveal its type. That, in turn, depends on
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which type of MFI would receive better funding from the investor pool, which is deter-
mined by the average philosophy ®. In the next three subsections, I show that when the
investor pool is more Rawlsian (®;; < ®y;), they prefer to contribute more funds to an
MFI in a poorer community. Thus, an MFI in the wealthier community is better off mixing
with the other type and the game ends in a pooling or partially pooling equilibrium. In
contrast, a more utilitarian group (®;; > ®(;) favors an MFI in a wealthier community.

Therefore, the two types separate in equilibrium.
3.5.1 Rawlsian Investor Pool

Consider a purely Rawlsian investor pool (®y; = 0). From eq. (3-5), it can be seen
that if the MFI's type were to be revealed, it would only receive funding, if the location
was the poorer community type. The intuition is that the marginal benefit of investing
in a wealthier community is O for all investors as evident in eq. (3-7). Thus, an MFI in
the wealthier community has no incentive to separate. Moreover, by Lemma 3-2, an MFI
in a poorer community cannot send a credible signal to separate itself. Consequently,
only fully pooling equilibria are possible. Moreover, under monotonicity of beliefs as
explained in Assumption 3-3, the pooling strategy cannot exceed 0 which is the MFI's
first best.!® The results is that the set of equilibria will be refined to a unique equilibrium.
Moreover, by Lemma 3-1, with any investor pool that is Rawlsian enough (®y < @), the
MFI receives more funding under prior belief than when it is known to be in a wealthier

community. Hence, the MFI types cannot separate in equilibrium.

Proposition 3-2. For all ® such that ®y; < Py, there is a unique monotonic belief sequential
equilibrium. In such equilibrium, the two MFI types pool on zero repayment, i.e., I**(0,®) =

I**(1,®) = 0.

Proposition 3-2 states that if the investor pool is Rawlsian enough, it induces both MFI

types to keep to the first best repayment of 0 without any incentive to commercialize.

13This is Lemma B-2 in Appendix B.
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Intuitively, the Rawlsian investor’s favorite type is an MFI who serves the core poor. One
would expect such MFI to send a credible signal to investors and separate itself form
the other type. However, any signal that is affordable for an MFI in an extremely poor
community where costs are high, is also affordable for a low-cost MFI in a wealthier
community. Therefore, since the latter type has an incentive to pretend to be the favored

type, any separation is impossible and the game ends in a pooling equilibrium.
3.5.2 Utilitarian Investor Pool

At the other extreme, consider a purely utilitarian pool of investors (P = 1). In
this case, the marginal benefit of investing in an MFI (the right-hand side of eq. (3-7)) is
solely dependent on costs and thus higher for a low-cost MFI. Therefore, the utilitarian
investors’ preferred type is an MFI in the wealthier community which gives it an incentive
to separate form the other type. Lemma 3-2 guarantees that a credible signal of low-
cost is possible and separating equilibrium exists. Moreover, the intuitive criterion and
monotonicity of beliefs limit the set of equilibria to the least costly separating (Riley)
equilibrium. Furthermore, this result can be extended to any pool of investors that is
utilitarian enough (®; > ®(;) such that an MFI in a marginally poor community receives
more funding. Over this range, such MFI has an incentive to separate from an MFI in an

extremely poor community.

Proposition 3-3. (Mission Devision Equilibrium) For all ® such that ®y; > Py, Riley sepa-
rating equilibrium is the unique monotonic belief sequential equilibrium that satisfies Cho-Kreps
intuitive criterion. The MFI in the extremely poor community (p = 1) chooses the first best re-
payment of 0 while the MFI in the marginally poor community (p = 0) chooses a strictly higher
repayment and raises more funds, i.e. I"*(0,®) > I"*(1,®) = 0 and F(I**(0,P),0,P) >
F(I'*(1,®),1,P).

Proposition 3-3 describes the “mission devision” equilibrium in microfinance. An MFI

that is located in a wealthier community and serves the marginal poor, offers a higher
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repayment to signal lower costs and raise more funds. This is consistent with the higher
average loan size and bigger market share of the commercial MFIs observed in data. In
contrast, an MFI that is located in a poorer community and serves the core poor cannot
afford the more commercial model of the other type and thus, offers a zero repayment

that corresponds to a non-profit model.
3.5.3 Semi-Rawlsian Investor Pool

What happens if the pool of investors includes a significant fraction of both Rawlsian
and utilitarian types? More accurately what will the equilibrium look like if ®;; < &7 <
®y;. In this case, on the one hand, by Proposition 3-1, an MFI in a marginally poor com-
munity receives less funding when exposed than when it is believed to be in an extremely
poor community. Therefore, as in the Rawlsian case, it has an incentive to pool with the
other type and a fully separating equilibrium does not occur. However, on the other hand,
by Lemma 3-1, it raises more funds when exposed than when it is fully pooling with the
other type of MFI. Thus, a partial separation from the pool is desirable. This results in a
partially separating equilibrium, where an MFI in a marginally poor community mixes
between pooling with the other type and a higher repayment that separates it from the

pool.

Proposition 3-4. For all ® such that ®;; < ®y < @y, in any monotonic belief sequential
equilibrium that satisfies Cho-Kreps intuitive criterion, an MFI in an extremely poor community
(p = 1) chooses one repayment I**(1, D) > 0 for sure. The strategy of an MFI in a marginally
poor community (p = 0) is pooling with the other type at I** (1, ®) with probability v € (0,1]
and separating from the pool at a higher repayment I**(0, ®) > I**(1, ®) with probability 1 — .

Moreover, a partially separating equilibrium (7y < 1) always exists.

Proposition 3-4 states the interesting feature of the equilibria over this interim range.
Even though a fully pooling equilibrium cannot be ruled out entirely, partial separation

is always possible. In other words, separation incentives of an MFI in a marginally poor
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community strengthen with the increase in utilitarianism.

Interestingly, the monotonic belief sequential equilibria are not unique in this case,
even after imposing Cho-Kreps intuitive criterion. In fact, as the fraction of utilitarian
investors increases, it becomes possible for the strategy of an MFI in an extremely poor
community to be a strictly positive repayment, i.e. I**(1,®) > 0. This is in contrast
to the cases of utilitarian and Rawlsian investor pools, where such MFI always chooses
I**(1,®) = 0. Such equilibria require off-equilibrium beliefs at low repayments that are
“worse” than the pooling distribution to prevent downward deviation. Moreover, since
@y < @y, by Proposition 3-1, low poverty (7 = 0) raises less funds and is a “worse”
belief compared to high poverty (y = 1). Thus, at a first glance, it seems as such equi-
libria can only be maintained by violating Assumption 3-3. In other words, one might
expect that any increase in 77 upon downward deviation, as required by belief monotonic-
ity, will result into a “better” belief than the pooling distribution and provides a deviation
incentive. Yet, interestingly, this is not always the case, since funding does not monoton-
ically change with the probability of extreme poverty. In fact, while by Proposition 3-1,
® < Py implies F(I*(0),0,®) < F(I*(1),1,®), by Lemma 3-1, ®;; > ®; implies that
F(I*(0),0,®) > F(I*(0), r, ®). Consequently, there may exist posterior distributions that
put higher probability on extreme poverty, but raise less funds than the pooling distribu-
tion. Such posterior distributions, as off-equilibrium beliefs, do not violate Assumption
3-3 and prevent downward deviation, which gives raise to equilibria where the two types

of MFI (partially) pool on a positive repayment.
3.6 Chapter Summary

According to this analysis, despite a trade-off existing between repayments and social
impact, positive returns in microfinance are not necessarily driven by pure profit mo-
tives. In fact, under symmetric information or when the social investors have a Rawlsian
view of welfare, an MFI has no incentive to offer high repayments. It is a combination

of information asymmetry and the utilitarian view of welfare on the investor side that
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prompts signaling by positive repayments. In such an environment, an MFI that serves a
marginally poor community uses a more commercial model than an MFI in an extremely
poor community. The former MFI type has lower costs due to a wealthier clientele and
signals that through a positive repayment to social investors to raise more funds. The
latter type, however, operates closer to a charity model, because it cannot afford high

repayments due to high costs.
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4. SUMMARY AND CONCLUSIONS

The findings discussed over the two main sections of this dissertation reveal that in the
rather non-transparent world of pro-social markets, the organizations on the supply side
(such as charities and MFIs) cannot rely on just their social message and the goodwill of
donors to maximize their revenues. They need to use fundraising tools strategically and
send the right signal to the donors and social investors on the demand side, who have
become increasingly demanding and skeptical about both the quality of social services
and the worthiness of the recipients.

In Section 2, I focused on quality signaling by charities to provide a theoretical ra-
tionale for the emerging field experimental data regarding the relative effectiveness of
seed money and matching gift fundraising schemes. Moreover, my theoretical findings
provide a promising avenue for future empirical work that can test the use of leadership
giving in different information environments. On the experimental side, the findings in
this dissertation suggest that the optimal fundraising scheme and the resulting donations
vary significantly with the information available to donors. Thus, by varying the infor-
mation available to donors in a lab setting, one can directly test this prediction and obtain
further insight into the use of seed money and matching gift fundraising. On the empiri-
cal side, my model further suggests that newer charities may be more eager to seek seed
money financing than established charities since the former are more likely to have rep-
utation building concerns. Moreover, it predicts that donors would respond differently
to an announcement of a matching gift if a charity is less established compared to a more
established one. These predictions can be investigated using available market data or a
tield experimental setting.

In Section 3, I turned my attention to signaling of poverty by MFIs and presented a
theory explaining the commercialization and subsequent polarization of the microfinance

market. I concluded that deferent business models in microfinance can be a result of dif-
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ferences in the poverty level of the consumers and the welfare goals of social investors.
The two types of microfinance divide the mission and tackle different levels of poverty,
making both indispensable to poverty alleviation. Moreover, the investors” welfare phi-
losophy can have a significant impact on the type of poor customers that benefit most
from microfinance activities. Therefore, development policymakers need to pay due at-
tention to the funding sources of microfinance. Moreover, from an empirical analysis
standpoint, the negative causal relationship predicted in this dissertation between the
poverty of costumers and profit orientation of MFIs, can be the basis of a testable hypoth-
esis for future research using microfinance databases.

Finally, the findings of this dissertation demonstrate that interpreting the choices made
by pro-social organizations, such as solicitation strategies or adopting a for-profit status,
is not always straightforward. Thus, more theoretical, experimental, and empirical re-
search is required to understand the behavior of pro-social organizations, which in turn
affects how pro-social markets work. Developing such understanding is especially cru-
cial from a policy standpoint due to the role that pro-social markets play in achieving

social goals such as poverty alleviation and human development.
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APPENDIX A

PROOFS FOR SECTION 2

Lemma A-1. Let g} < G°(q). Then, total donations G**(q,d%) = G%(q,d%)(1 + mly) +

(1—mlpy)gs are
a) strictly increasing in d¥ for all Z;

b) strictly increasing in n with lim,_,. G%L(q,d%) = Glz’o(q,mILM), where GiM’O(q,O) =

M0
G (q) and dGld—”(lq’m) > 0.1

Proof. of Lemma A-1

The proof of part a) follows a contradiction argument.? In particular, let dfl < dfz,
where giz < Gf () (by assumption), and suppose that GZ/ (g, df,) < G*t(q,df,). Let-
ting e; and e, denote the lowest contributing wealth type under d%/l and d%/z respectively,
note that by definition G**(g,df,) < GZ°(g, 1pym1). Implicit differentiation of eq. (2-3)

w.r.t. m results in
A" qm)  o'(GM)
dm v”(GlM'O)(l +m)

>0 (A-1)

since '(-) > 0and v () < 0. Therefore, GZ*(q,d%,) < GZL(q,d%,) < G&°(q, Lym)
< Gezl'o(q, 1pmy). It follows that all contributors under d%/l should also be contributors
under d%,zf which in turn implies that e > e;. Then, by Lemma 1, the equilibrium total

giving by the follower donors is given by:

GF (0. df,) = Lot [wy =9 ('(G* @ df )1+ myt) )] fory= {12} (a2
f=

!Recall that 1 denotes the number of replications of the original economy D.
ZFor Z = S, the proof is analogous to the proof of Proposition 3 in Yildirim (2014).

75



where my > mj. Since ¢(-) and v/(+) are both strictly decreasing in their arguments,
ex > ey, GZL(q, d%/z) < G%t(q, dfl), and my > my for Z = M, eq. (A-2) requires that
GZ(q, d%{z) > GZ(g, dfl). This, however, leads to a contradiction since df, > d%/l and
Gf(q,df,) > Gf(q,df ) imply that G“*(q,df ,) > G**(q,df ;) for all Z. This establishes
that GZ*(g,d?) is strictly increasing in d# for all Z.

Turning to part b), proving that G (g, d) is increasing in n is analogous to the proof
of part a). Letting n, > n; > 1, and e; and e; denote the corresponding lowest contribut-
ing wealth types, suppose that G%L(q,d%|n2) < G%(q,d%|n) < GEP(q, m1y). The last
inequality, in turn, implies that e; > e; and the equilibrium total giving by the follower

donors is given by:

GE (g, df|ny) = ny YL tj [w) — ¢ (q0'(GZH(g,dF|ny)) (1 +mlw))] fory={1,2}  (A-3)

Then, ny > ny, e > ey, and G%L(q,d#|ny) < G#*(q,d%|n1) immediately imply that
GZ(q,d#|ny) > G%(q,d#|ny). This, in turn results in a contradiction since G%*(q,d#|n) is
strictly increasing in GZ(g,d#|n), implying that G%L(q,d%|n2) > G#L(q,d#|n1). There-
fore, G (g, d?) is strictly increasing in 7.

To prove that lim,, .. G%%(g, d%) = Glz’o(q, 1m), first note that lim,, .o G%L(g, d%) >
Glz’o(q, 1pym) implies that lim,,_,cc C? = @and G#(q,d?) = (1—1p)g7 < Glz’o(q, Tpm),
a contradiction. Alternatively, lim, .o G%(q,d%) < GZ°(g, 1ym) implies that a follower
of wealth w; contributes a strictly positive amount, that is lim,_,« ¢¥(q,d%) > 0, which
leads to limy,_sco G%L (g, d%) > limy, 00 N1t glz (g, d%) = o0, a contradiction. This establishes
that lim,, .o G (q,d%) = Glz’o(q, 1ym). Finally, Giw’o(q,O) = Gf’o(q) follows immedi-
ately from eq. (2-3) and by eq. (A-1) dG{M;# > 0. O

Proof. of Proposition 2-1
Lemma A-1 proves the equilibrium properties of G%L(g,d#). Thus, I focus on estab-

lishing the equilibrium impact of d# on G%(q, d?).
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To prove part a), first note that by Lemma A-1, giz > gil implies that G5 (g, gf/l) <
G>L(q, giz) < G3(q), where ¢; for i = {1,2} denotes the lowest contributing wealth
type under g7 .. Thus, e; < e;. Then, by eq. (A-2), G3!(q,87,) > G>!(q,87 ) and ez < ¢
immediately imply that G£(q,87,) < Gf(q,8f,) since ¢(-) and v'(-) are both strictly
decreasing in their arguments.

To prove part b), let gM(g,m) denote the solution to eq. (2-2) for a fixed m, which
corresponds to total giving GM(g,m). Then, by implicit differentiation of eq. (2-2),

ag"(am) _ —¢' (qo' (GML(q,m))(1+m))q <U/(GM’L) +0"(GML) (1 + m)%) (A-4)

dm

Eq. (A-4) reveals that dg;” (4,m) ( 9m) ; is independent of w; and thus identical across all donors
with ¢M(g,m) > 0. Let N,;, denote the number of follower donors with gM(g,m) > 0
M M
given m. Then, by definition, dGFd—,Sj’m) = wa Moreover, recall that GML(q,m) =
dGM,L ,
(1+ m)GY (g, m). Therefore, S @) — GM (g 1)+ (1+m) 59" — GE (g.m) + (1+
8 (‘7/ )
dm

M) N, M Substituting for # in eq. (A-4), and solving for “ obtains:

dgi"(q,m) _ —¢' (qv'(GM"(q,m))(1+m)) q (o' (GM*) + 0" (GM1)GMT)

= A-
dm 14 ¢’ (g0 (GML(g,m) (14 m)) go" (GML)(1+ m)?N,, (8-5)
Since ¢'(+) < 0and v”(+) < 0, by eq. (A-5), gl ) >0 (and thus M( N 0) if and
only if =S — e, (GM1) <1, O

Proof. of Proposition 2-2

Let GZ(q,df) = nlingoGZ'L(q, d?) and G&*(q) = nlingoGZ'L(q, d?*) where d7*(q) de-
notes the equilibrium value of d#. Then, by Proposition 2-1, GZ (g, d%) = Glz’o(q, mly).
For Z = S, G3(q,87) = G;°(q) = GX*(q) since G;°(g) does not depend on g7. By

Lemma A-1, GM(q,m) = Gf/l’o(q,m) > Gls’o(q) with strict inequality for m > 0. To

o GS,O GS,O
S it -
1. Note that % > 0 guarantees m*(q) > 0. In the limit economy, by eq. (2-7),

complete the proof, I show that lim, . m*(g) > 0 if
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lim;; 00 d”Ld(rZ’O) = I (wq) limy, e dcg;’f’fiq,o) since G;°(g) solves eq. (2-3). Recall that by def-
inition GM(g,m) = GMlli(gi’m). Since limy, 0o GME(q,m) = G{\/I’O(q,m), limy, e GM (g, m) =
M,0 M M,0 M,0 M,0
GlT(mq’o). Therefore, lim;, 4Gy d,(j'm) = 1im 4Gy dngq,m) — G(ll +EZ’)’;1). Substituting for dGld—nsq’m)
from eq. (A-1) and evaluating at m = 0 obtains
dGM(q,0 "(Gy"(4,0
i 00— o (S ) e
e dm —0"(G177(¢,0))G17(4,0)

Taking into account that G{\/I’O(q,O) = GlS Y(g) (see Lemma A-1), eq. (A-6) implies

that limy, % = I(wy) limy—e0 G’%&Z’O) > 0 if and only if €,(G;°(q)) < 1. This

completes the proof. O

Proof. of Lemma 2-2
Let EOZO’* (%) =1 z_>m G (g%). To prove the statement in Lemma 2-2, it suffices to show
n—oo

that there exists 7 < oo, such that CM’*(qM) > ES’*(qS ) for g™ > g% and n > 7. Note that

by Proposition 2-1,

_S,* . —S x
Go (¢°) = lim G¥*(g°,37") = G (4°) (A7)
M implicitly differentiati 23 Sfor Z = S results in “C1 &) —
oreover, implicitly differentiating eq. (2-3) w.r.t. g° for Z = S results in e

IRACHRUR)
g0 (G(¢°))
Turning to Z = M, note that the optimization problem given by eq. (2-11) implies

> 0, implying that GI*(g™) > GJ°(4%).

that m*(gM) > m*(g™) > 0 (see also Claim 1 in the proof of Lemma A-2). Then, by
Proposition 2-1,
M, *

Goo' (g™) = G (g™, m* (™)) > GO (g™, m* (q™)) = GM~ (™) (A-8)

since by eq. (A-1), Gi\/I'O(qM, m) is strictly increasing in m. Moreover, by Lemma A-

1, GMO(gM, m* (gM)) > GPP(gM) since m*(gM) > 0. Thus, (A-7) and (A-8) imply that
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G (gM) > G (a™) > G ().

To complete the proof, it suffices that G (g#) is continuous in n. This follows from
the fact that G#(q%,d?) is continuous in n (by eq. (A-3)), implying the continuity of
(9%, q9%,d7). Therefore, EoAf'* (gM) > Cf;* (¢°) implies that there exists 77 < co such that

G (gM) > T (¢5) for all n > 7. O

Lemma A-2. Let Qf = {q1,92,....,qy} with q; > qj_1 forall j € Z : j € [2,y] denote the set of
quality types of the lead donor. Moreover, the equilibrium donation Ef’* (q;) by each type q; € Q%

satisfies

—=Z % _
4" (q)) = argmax u(q, 9;,d7)
dL
_ —=Z,% _ ~ =Lx -
st (g q,dL” (q) > aL(q;, 4,4 (9)) forall g;,§ € OF (A-9)

— —=Z % _ . =L% -
Then, ur.(qj,q;,d1" (4;)) > Wi (q;,4,d." (§)) for all q; € QF and all § € QF \ {qj,qj+1}-

Proof. Note that [eida (q;) = GZ'L(q]',H%'* (g;)) and let §%’*(q]-) denote the equilibrium do-
nation by L, where by definition donations satisfy gi’*(qj) = Ei'*(qj) and gé/l'*(qj) =
E]LVL* (qj)éf\:/[’* (4, E]LVL* (9;))- The proof proceeds by establishing three claims.

Claim 1: The equilibrium total donation G (9;) and the lead donor’s gift g (g;) are
strictly increasing in j.

I first establish that CZ’*(q]-) is strictly increasing in j by means of a contradiction.

Contrary to Claim 1, suppose that there exists j € [2,y] such that G (9j-1) > G (4;)-

The incentive constraint for q; 1 given by eq. (A-9) requires

_ —Z % _ —Z %
ur(9j-1,9i-1,4. (9j-1)) = ur(qj-1,9;,d." (q;)) =

91 [0(C7 (1)) = 0(C™"(4))] = hlws = 37" () = h(wr = 2["(g1)  (A-10)

Consider first the possibility of G (9j-1) = [eida (4;)- Then, the inequality given by
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(A-10) becomes h(wy — gf’*(q]-)) — h(wp, — §f’*(q]-,1)) < 0, which in turn implies that
g (q;) > g (gj-1) in a separating equilibrium since k(-) is strictly increasing in its ar-
gument.® It then immediately follows that 71 (g, q;, Ef’*(qj)) < EL(qj,qj_l,E%’*(q]-_l)),
which violates eq. (A-9) for g;, and contradicts gf'* (;) being an optimal solution. There-
fore, G~* (9j-1) = G (g;) cannot occur in a separating equilibrium.

Next, consider CZ'*(qj,l) > CZ’*(q]-). Then, [g; — gj_1] [U(EZ’*(q]-,l)) — U(EZ'*(I]]'))}

> 0 since v(-) is increasing in its argument. Therefore, by (A-10), this implies that

9 [0(G” (1)) —0(C”"(4)))] > hlwr — 77 () — h(wr — g7 (9j1) =

_ —Z % _ —Z %
ur(qi,9i-1.dr" (gj-1)) > uc(qj,q;,d." (q;))

The last inequality violates eq. (A-9) for g;, and again contradicts gf'* (g;) being an op-
timal solution. Therefore, G~ (qj-1) > G (g;) cannot occur in a separating equilibrium.
This, in turn, implies that G (g;) is strictly increasing in g;.

To establish that g7 (g;) is strictly increasing in j, note that i (g;, q;, Ef'* (g;)) is strictly
increasing in G (g;) and strictly decreasing in gl (4)- Therefore, g (q;) > g (9j+1)
for some j would result in 1 (q;, qj,af'*(qj)) < ur(qj, q]-+1,af’*(q]-+1)) since EZ’*(q]-H) >
[eida (g;)- This, in turn, violates eq. (A-9). Therefore, §%’* (g;) must be strictly increasing in
j- This completes the proof of Claim 1.

Claim 2: Let |z| > 1and a = é Then, % (q;, qj,ﬁg’*(qj)) > ur(qj, qj_z,ﬁf’*(q]-_z)) for

.. A —Z % _ —Z %
any j implies uy,(q;,q;,d;” (9;)) > UL(qj,9j-z—a 41" (j—2—a))-

3For Z = S, it is immediately obvious that gi'* (q;) # §E’* (9j-1) in a separating equilibrium. For Z = M,
note that CM'*(qj) = Cg’*(qj,ﬁ*(qj)) +m* (qj)CQ/I’* (gj,m*(q;)). Since G} (gj,m) is strictly increasing in
m and g;, it follows that g (q;) = g (9j-1) requires that m*(q;) < m*(g;j_1) and EQA’* (q;,m*(q;)) >
CQA’* (9j—1,7"(qj=1)). This, however, results in éM’*(qj) > o™ (4j-1), contradicting my conjecture of

—M,x —M,* oV givix
G " (9,) =G " (gj-1)- Thus, gILVI' (q7) 75824' (7-1)-
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Note that by definition,

—Z % —7 %

ﬁL(quijz,Ef'*(%z)) =UL(qj-2,9j-2dr (9j-2)) + (9 — 9-2)v(G™" (qj-2))  (A-11)

Then, by eq. (A-9),
_ —Z % _ =7 % —Z %
ur(q;,q;,dy" (4;)) 2 4L(gj-2 -2 dr" (9j-2)) + (4j — 9—2)o(G " (qj-2))
_ —Z % —Z %
> UL(Gj—z/Gj—z—ar AL (§j—z—a)) + (9j — 9j=2)0(G"" (qj—z))
_ —Z,% —Z % —Z %
= 01(0), 020 8L (@)2-a)) + (@5 = 05-2) [0(C7 (4-2)) = 0(C™"(gj-2-a)|

It then follows that 1 (q;, q;, Hf'*(qj)) > ur(q;, q]-_z_a,ﬁf'*(q]-_z_a)) since v'(G) > 0 and

by Claim 1, G~ (q;) is strictly increasing in gq;, implying that

—Z,*

(9~ gj-=) [o(G (e

(9j-2) = 0(G" (9j=a))| >0

It follows by Claim 2 that all constraints with |z| > 1 are non-binding as they are
implied by |z| = 1. The third, and final, claim shows that the constraint for z = 1 is
non-binding as well, leaving z = —1 as the only possible binding constraint.

Claim 3: 7, (q;,q;, ;" (47)) > 1 (), 451, (;-1)) for all j € [2,].

Let D;(d; " (), @ (qj1)) = #u(q;, ;.41 (a7)) — Fe(gj, 051,31 (31))- By eq. (A-
11),

=7 %

D (" (q71), 40" (q)) + Di(d" (g7), 47" (g;1)) = (A-12)

= (g5 —q51) [o(C™"(q)) —0(G""(g-1))| >0

where strict inequality follows from Claim 1. Contrary to Claim 3, suppose that there
exists k € [2,y] such that Dy (Ef’*(qk),ag'*(qk_l)) = 0. Thus, from eq. (A-12), it must hold

_Z/ _Z/ . . . .
that Dy_(d;” (gk—1),d7”" (gc)) > 0. I next show that there exists alternative contribution
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levels df (g;) for all g; that satisfy (A-9) and result in ur(q;,q;,d7 (q;)) > ur(qj, qj,af’* (qj)),
with a strict inequality for j = k. This contradicts the optimality of Ef’* (4;)- To establish

the existence of such d? (g;), let d7 (g;) satisfy the following properties:
. 7 —Z,*
1. forj <k, df(q;) =4d. (q;)

2. for j > k, I define recursively d7 (g;) such that if D]’(H%’*(qj),cf%(qj_l)) < 0, df(g;)

- - . —Z %
solves D]',l(d%(qj,l),d%(qj)) = 0; otherwise d%(qj) =dj (qj).

For Dj(d; " (q;),d% (4;-1)) > 0, it is trivial that ur (q;, 4;,d7 (9))) = ur(4j,9;,d. " (q5)).
For Dj(af'*(qj),cf%(qj_l)) < 0, eq. (A-12) implies that Dj_l(rf%(qj_l),ﬁf'*(qj)) > 0.
Therefore, by the continuity of CZ’L(q]', df) and g7 (qj,d{) in d?, there exists d7 (q;) with
resulting total contributions EZ’L(q]-, df(q;)) € (EZ'L(qj,l,d%(qj,l)),az'*(an satisfy-
ing D;j_1(df(qj-1),d7 (4;)) = 0. Moreover, by eq. (A-12), D;(df(q;),d7(q;-1)) > 0 =
D;(d;" (4)),d% (4j-1)), implying that @ (qj,q;,d7(q;)) > (4j,q;,d; " (q7)). This estab-
lishes that u (q;, q;, d%(q]-)) > ur(q;,qj, Ef'* (j)), with a strict inequality for j = k since by
construction Dk(ﬁg'*(qk),cfg(qk,l)) =0.

It remains to establish that d% (q;) satisfies (A-9) for all g;. By Claim 2, it suffices to show
that D;(d¢(q;),d%(gj42)) = 0 for z = {—1,1}. Consider first z = —1. Then, if d#(g;) =
47" (q;), Di(d(4;), @ (9; 1)) > O follows immediately for j < k since d%(q; 1) = d;" (¢, 1)
and by assumption Ef'* (g;) satisfies eq. (A-9). For j > k, if d? (q;) = i (g;), then by defi-
nition D;(d; " (q), 4% (g;-1)) > 0. Forj > kand d7 (q;) # d" (4;), Dj_1(d7(qj-1), d% (q;)) =
0 and eq. (A-12) implies D;j(d?(q;),d%(gj-1)) > 0. Turning our attention to z = 1,
by construction Dj(d%(qj),j%(qj+1)) = 0 whenever D]-+1(Hf'*(q]-+1),d~%(qj)) < 0. Oth-
erwise, if D]-+1(Ef’*(q]-+1),cf%(qj)) > 0, then d?(gj41) = Ef’*(qj+1), which implies that
D]-(Ef’*(qj),d% (gj+1)) = 0 since by my assumption Eg’*(q]-) satisfies eq. (A-9). How-
ever, since I have established that 7 (g;, g, d7 (q;)) > (qj, qj,ﬁf’* (g)), this implies that
D;(@%(a)), d2(gj41)) = DAL (a), 4% (q131)) = 0.

This establishes that Dy(d."* (g¢),d." (qx_1)) = O for some k € [2,y] contradicts the

82



optimality of Ef’*(qk). Therefore, for all j, E%’*(qj) must satisfy 1 (q;,q;, Ef'*(qj)) >

_ —Z %
ur(qj,qi-1,dr" (qj-1))-

Proof. of Lemma 2-3

Recall that ﬁf’* (9%) = uL(q%, q%,ﬁf'* (9%)), allowing me to re-write eq. (2-13) as

— —Z % _ —Z %
Vi(n?)= Y nf [uL(q]'/qudL (7)) — 5 (q;,91,d1 (thzl))} (A-13)
j={Lh}

Clearly, V# (%) is continuous in 717 since Ef*(qé) and g% are continuous functions.
Moreover, if 7r]-Z = 1 for some j, then qé = g;. Thus, Vlz(l,O) = VIZ(O,l) = 0 follows
immediately from 77 + ¢ = 1. If 7T]-Z € (0,1), VZ(nr#?) > 0 since by Lemma A-2,
_ —Z % _ —7 % _ —7 % _ —Z %

a(q qudr” (1) = Wn(qnqf,dr (af)) and wp(qn, qn.dr” (qn)) > Ar(qn at.dr” (a3))-
0

Proof. of Proposition 2-3
Let a?* = 0 for all Z. By eq. (2-12), it is immediately obvious that Ef’* (qn, qﬁ’*, 0) =
Eﬁ'*(ql,q{f*,o) for all Z. Moreover, by definition /SM'*(qj) =1- ﬁs'*(qj) with BZ'*(qj) =
_Z,* *
argmax ¥ B“Gg” (q;, g4+, 0).
Bz Z
The linearly of the above objective function implies that %*(g;) € (0,1) if and only
.- =M, x % —S5, % % . —Z % % — 7 % %
if G (q]-,q{\f’ ,0) = Gg (q]',qfl’ ,0). Together with Gg (qh,qfl’ ,0) = Gg (ql,qé’ ,0),
.. . —M,* * —M,* * =S,* * =5,x *
this implies that G¢ (g1, 91", 0) = G " (a1, 0) = G¢ " (91,47",0) = G (qm. 911", 0),

completing the proof. O

Proof. of Proposition 2-4
First, I show that #** = 1 for all Z in the equilibrium path implies f5*(g;) = 0
for all j € {I,h}. By means of a contradiction argument, suppose that ,BS'*(q]-) > 0 for

some j. Then, a>* = 1 implies that V7 (7%*) > k > 0. Then by Lemma 2-3, n].s’* €
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(0,1) for all j, which by eq. (2-9) requires °*(g;) > 0 for all j. Moreover, by eq. (2-12)
the expected equilibrium contributions are E]S:-’*(qj, q“zi*, 1) = ES’*(qj). However, since

ES,*(

g) < G (q) < C?’*(ql,q%’*,al\/f’*), in such equilibrium B%*(gq;) = 0, which in

turn implies that n,f

* = 1and V{(n5*) = 0 < k, contradicting a5* = 1. Therefore,
a5* = 1 requires B>*(g;) = 0 for all .

To establish the existence of an equilibrium with a™* = 1, note that by eq. (2-9),
BM*(g;) =1 — B5*(g;) = 1 for all j implies that 7™* = 7. Therefore, a™* = 1 requires
VM(7r) > k. No deviation incentives to f°(g;) > 0 for some j is guaranteed by an off-

equilibrium belief a>* = 1 since ES'*(qj) < EM’*(qj) for all j. O

Proof. of Lemma 2-4

I first show the existence of a SPI equilibrium for V7 (7r) > kand G (Elq]) > " (q1)
by constructing such an equilibrium. By Lemma 2-3, V7 (7°) is continuous in 7y and
reaches a minimum at 715 = 1 with V(0,1) = 0. This implies that there exists 7t° with
7ty > my such that V7 (7t°) = k. Consider an equilibrium with 715* = 7% and g*(g;,) = 1.
Then, by eq. (2-9), B5*(q;) = 7;—’; (n%, — 1> < land 7" = 1. It follows that q/"* =
g1, and VM(7M*) = 0 (by Lemma 2-3), implying that a™* = 0. Then, by eq. (2-12),
E?'*(qj,ql&d’*,O) = CM’*(ql) for all j. Since V{(75*) = k, the lead donor is indifferent in
her information acquisition strategy a°. To prevent deviation from *(gq;), it suffices that
E}Sg’*(ql,qif*,zxs'*) =G (q)). Substituting for @Z’*(qz,q%*,as'*) in eq. (2-12) and solving

for a%* results in a since q07* > E[q] as a result of 71, > 71y,

—=S,%, § x —M,*
Sqx G (QUI )—=G " (q1) c (01
5, 6 @8 @) o )M .
which implies that G *(qil*) > G (E[g]) > G “(q1) > G " (q;). Moreover, there is no

incentive to deviate from g5*(qy,) since C%* (Gn, qff*, aS*) > Eg'* (q1, qif*, aS*) = G (q1).
To establish property 1), note that if f5* (q;) = 0 for some j then by eq. (2-9), 71].5’* =0
and thus V7 (75*) = 0 with a®* = 0 and «™* > 0 (by Definition 2-1). Then, qif* =4q

S, %
(

where q_; = {[,h} \ {j} and by eq. (2-12), E%*(q]',qfl’*,ocsf*) =G q-j) for all j. If

qj = qp and q_; = ¢, then there is strict deviation incentives to BM(q;) = 1 since
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—S,% — M, * . . —S, %
G (@) < G (q) g =g andq; = q, p°(q,) > 0 implies that G " (q;) >

E?’*(qh,qﬁ/{’*,a”{'*) > E?’*(ql,qﬁf’*,am*) due to the fact that EM’*(qh) > EM’*(ql) and
aM* > 0. This, in turn implies a profitable deviation to f°(q;) = 1. It follows that
,BS'*(q]') = 0 for some g; cannot be supported as a SPI equilibrium and thus in any SPI
equilibrium °*(g;) > 0 for all j.

To show that a™* < 1, note that by eq. (2-12) E?’*(qh,q{\f’*,l) = EM’*(qh) >
ES'*(qh) > @%*(qh,qsu’*,ocs'*). Therefore, a™* = 1 results in B5*(g,) = 0, contradicting
property 1). Analogously, a>* = 1 implies that Cz'*(ql,qff*, 1) = CS’*(ql) < CM'*(qz) <
E]EVI' (q1, 90, &™), which in turn implies that %% (q;) = 0, contradicting property 1).

Finally, to establish that a5* > 0, note that by Definition 2-1, 5* = 0 implies that
aM* > 0and pM*(g;) > 0 for all j by eq. (2-9) and Lemma 2-3. Then, by Lemma 2-2 and
eq (2-12), G (qu, i, aM*) > G (qu,qif”", «M*) and G (g, 431", &5%) = G (q77")
for all j. Since by property 1) f°*(q;) > 0 for all j, it must be true that G i (qu’ ) >
Gy (qn, g, oMy > E?'*(ql,qﬁ/l’*,ch'*),which implies that BM*(g;) = 0, contradicting

BM*(g;) > 0 for all j. This completes the proof. O

Proof. of Proposition 2-5

To establish that qu > ‘7u , by Lemma 2-2, it suffices to show that @S’*(qa’*) >

GM/* ( M,*)

q;")- By means of a contradiction, suppose that 65’*(qfl’*) < EM’*(q]L\[/I’*). By

Lemma 2-4, ,BS'*(q]-) > 0 for all j, which requires E;’*(q],qu ,a5%) > GE (q],qu * aM*),
Let aM* = 45* + ¢. Then, Gy (9;, 9", &™) can be re-written as

—M,* x * —M,* * " —M,* —M, % *
G (gj, a1, a™*) = G " (00" 0% +€ |G (q) =G ()]

—M,* % % —S,x Jx % . —M K —S,* x
Note that G (q]-,q]L\IA’ ,05%) > Gy (qj,qfl ,a5%) since G (q1*) > G (qa ) (by

assumption), " i) > ES'*(q]') (by Lemma 2-2), and a5* > 0 (by Lemma 2-4). Thus,

(g
Eg’*(qh,q%*,zxsf*) > G (qh,qu *,aM*) requires € < 0 since EM’*(qh) > EM*(qf\lA*)
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—M,*

*, oMY since EM’*(L]Z) <G

. . _S, _M/
But this results in GE*(ql,qu’*,ch'*) < Gg (qz,qu S0

(™),
contradicting B5*(g;) > 0. Therefore, G (qu*) < G (qu *) must hold in any SPI

Jk M, *

equilibrium. By Lemma 2-2, this implies that qu . This, in turn, requires that

> qu’
7% > 7", which coupled with EIS;’ (q],qu*, ) > GE’ (q],qu *,aM*) for all j and
with GE’ (qn, 957", 0%*) > @g’*(ql,qfl’*,a ) for all Z results in Zn].s’*GE (q],qu*, 5*) >
j
*_M/ *
LG gt forj € {1, ). 0

Proof. of Proposition 2-6

1) is established in the proof of Lemma 2-4. To establish 2), note that by Lemma 2-
3, V{(m?) is continuous in 7t/ and satisfies V/(1,0) = V#(0,1) = 0. Therefore, since
VZ(7) > k, there exist tZ and 7} satisfying 0 < 77 < m, < Ty < 1such that VZ(rZ,1—
) = VA(7f,1 —7;) = kforall Z. Let A7 = 7; and AM = 7M. Then, substituting for
7t; and A in eq. (2-9) and taking into account that M (q,) = 1 — °(g;) yields p>*(g;) for
j € {I,h} given by eq. (2-16). Moreover, 0 < B5*(g;) < B>*(qi) < 1 follows immediately
from AM < 7, < 7%2 Lastly, I need to ensure that there are no deviation incentives from
B%*(q;), which requires G (g, a7 a57%) = C?’*(qj, qi*, aM*) for all j. Solving for a™M*
and a5 yields:

=S*, S x =M%, M x
aMx - SG (qll )—G S(qU ) s € (0,1)
G (gy) i) =C @) | M C )G @) gM S e '
G s — -+ G —5x = -G '
()2 o™ ) ™ ) (it
—S,% % — M, * "
Sx _ G (ay ) — G (4
T s e =S TG @) =S+, G ()G <qM ) < 0.1
G (g0 =G (qn) oo G : L
) = & ) 5 1 5 )T T
where a?* € (0,1) follows immediately from the following equilibrium property es-

tablished by Lemma 2-2 and Proposition 2-5:

—=S % —M,x —M, . —=S,% , . —S,* — M,
G () <G " (q) <G (4) <G (ay) <G (qn) <G (qn)-
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This completes the proof. O

Proof. of Lemma 2-5

S,*
—j
—j € {1,2..,t}\ {j} and qfl’* = g;. Consequently, from eq. (2-17), V7 (n>*) = 0 with

First, I establish property 2). Note that if n].s’* = 1 for some j, then 7”7 = 0 where
= 0 and a™* > 0 (by Definition 2-1). Then, by eq. (2-12), E%’*(q],qu*, 5 =

[eid g;) for all j. If j = 1, then there is a strict deviation incentive to fM(g1) = 1 since
—S, %

[eRd q;) > Gy (g, 900", aM*) > Gy (gj-1,910", &™*) due to the fact that @M’*(qj) >

(

(1) < CM’*(ql) < EE (ql,qu *,aM*) . If j > 1, then ﬁs(qj) > 0 implies that
(

*(q] 1) and #M* > 0. This, in turn, implies a profitable deviation to f°(g,_1) = 1,
contradicting 7'c 1 = 0 (by eq. 2-9). Thus, it follows that in any SPI equilibrium, 7'[ <1
for all ;.

To show that a™* < 1, consider the contrary- a™* = 1. Then, for any type q; satistying
B°(q;) > 1land q; > qf[’*, eq. (2-12) and Lemma 2-2 imply that EE (q],qu *aMA) =
EM'*(q]-) > ES'*(q]-) > EZ’ (q],qu ,a%>*). This results in strict deviation incentives to
BM(g;) = 1. Thus, in every SPI equilibrium, a™* < 1.

Finally, to establish that «>* > 0, by means of a contradiction suppose that a5* = 0,
which by Definition 2-1 implies that a™* > 0. Consider type q; such that ﬁs'*(qj) >0
and g; > qfl’*. By Definition 2-1, the existence of such type is guaranteed. Note that

" * . —S,* % % —S,x % — %
a5* = 0and B5*(q;) > 0imply that G¢” (g, 4", &%) = G " (q3;") = Cr (q],qu M),
Moreover, since Ez’*(qj) is strictly increasing in q;, q4; > qf[’* implies that G (q]') >
Es’*(qfl’*) >Gr (q],qu *,aM*). The last inequality requires g; > q;;"*. To see this, note
that by Lemma 2-2, c" (qj) > ES’*(q]-) and g; < g implies that EE (q],qu *,aMr) >
EM'*(qj) > ES’*(q]-), which contradicts the earlier inequality. Thus, g; > qu’ =Y n]].\/[’*qj.
This, in turn, implies the existence of a quality type q; < qi7"* with 77/"* > 0, which by
eq. (2-9) requires BM*(g;) > 0. However, a™* > 0 implies that EE (ql,qu ,aM*) <

624’ (q],qu ey < [ei (q ) = Eﬁ' (ql,qu ,a%*), contradicting the optimality of
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BM*(g;) > 0. Thus, a®* = 0 and a™* > 0 leads to a profitable deviation by some
q; < q{\f’* and thus cannot be supported in a SPI equilibrium. This proves that a%* > 0 in

every SPI equilibrium. O

Proof. of Proposition 2-7

Analogous to Proposition 2-5, in order to establish that )/ > gi*, by Lemma 2-2,
it suffices to show that G (qfl*) > c" (qM *).4 By a contradiction argument, sup-
pose that [eka (q77) < " (gM*). Since 7'(}-9’* < 1 for all j (Lemma 2-5), by eq. (2-9)
there exist at least two quality types, denoted by g; and g;, such that 5*(g;) > 0 for
all j € {[,h} and q; < ¢/ < g;. Moreover, for all j € {[,h}, p5*( q;) > 0 implies
Ez’*(q]-, qyr,as) > Gr (q],qu *,aM*) 1f gM* > g; then by Lemma 2-2, G g >
G (q5) > G (g) > G (gf"), which implies Gy (g, 44", a™*) > Gy (qh,qu ,a5%),
a contradiction. Thus q;, > i If g7 < q; then G M (9;) > G *(q{\f*) >G" (q77) >
ES'*(%)_ Since by Lemma 2-5 a5 > 0, this gives G~ (g5, g1, &™) > E;’*(ql,qu*, 5%),
a contradiction. Thus, g; < g < g;. Let aM* = a>* 4 . Then, Gy “(q;, 91", &™) can

be rewritten as
—M,* % % —M,* * % — M, * —M,* %
Ge " (qay a™*) = G (590" a5 ) +¢ |G (a) =G (gl

From here, the proof is analogs to that of Proposition 2-5. The assumption, " (q{\f*) >
@S'*(Q%*) and #5* > 0 (by Lemma 2-5) imply Gp~* (g, 900", a57*) > Gy (g, 937, 25%).
Therefore, Cif (95,93, 257%) > C?’ (95,907, aM*) requires e < 0. However, this results
in C% (95, 05", 45*) < G '*(qf, gM*, aM*), a contradiction. Thus, in any SPI equilibrium,

—S,x , *
G (g%*) > G (gM). 0

Lemma A-3. For Z = N, let q%¥ € {q;,q, q1,} denote the leader’s quality type, e (g%, g, o)

= limy 0 EN’*(qg ,qN, aN) denote the total contributions in the limit economy given q¥ and

41t is straightforward to establish that Lemma 2-2 extends to the case of multiple quality types.
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the posterior expected quality q, and CY = limy,_,co CN denote the equilibrium contributor’s set

in the limit economy. Then, in the limit economy (n — co):

a) any donor with w; < w; is a non-contributor, i.e. i ¢ cN foranyi>1;

b) the total equilibrium donations satisfy Ga. (q;) < G (1, gy, aN) < G (qn, gy, aN) <
Efo’*(qh), with strict inequalities for q € (q;,qy,). Moreover, Ei;*(ql) = Eg’*(ql, g1, aN)
—S, % —N,*
and G (qn) = Geo (qn, qn ™).

Proof. of Lemma A-3
Analogous to Z = {S, M}, let ¥ denote the posterior belief by the follower donors
of type g¥ upon observing Z = N. Then, given a conjecture about others’ contributions

G_;, a contributing donor i maximizes

—N —N
Eoyli(80, G i a)] = h(w; — i) + L nialo (GL + 1) (A-14)
L

Therefore, i’s giving for Z = N satisfies®
el
W (w = Lnkade' (G aY.qlhe)) (A-15)

Analogous to Z = {S,M}, g g “(gN,aN) is (weakly) increasing in w;. Therefore, i €
CN, implies that i — 1 € CN. To establish a), note that i € CX for i > 1, implies that
gloo(qﬁ], aN) > 0 and ég’*(qg,qﬂ,ocl\]) > limy e nt@ﬁ;ﬁ(qﬁ,ﬂ) = oo. This, in turn,
leads to a contradiction since lim, 0 qv'(G) = 0 and by eq. (A-15) this implies that
gﬁlg(q{\[], aN) = 0 for all i and thus CY} = @. Therefore, i ¢ CY for any i > 1.

To establish part b), note that Eg'*(qg,qﬁ, aV) = C;\{i(qﬁ,al\]) + §g$(q£,qﬁ,0¢N),

where the first term denotes the follower donors’ total contributions, which are indepen-

°Note that there is a one-to-one relationship between 7Y and gV, allowing me to express the optimal

151 e . . =N, .
equilibrium contributions G, : (aj, N, a) as a function of g1.
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dent of the unobservable type g, and the second term denotes the lead donor’s contribu-
tion. If 1 € CX, then analogous to the argument above, lim;, gi\ll oz (qﬁ], aN ) = 0, which

by eq. (A-15) implies the following equilibrium condition:

—N,x —N %
Hw) = & (mae' (G (nall,a™) + mYau0' (G (gw gl o)) + (A-16)

—N,*
+ (1=aM)gyo’(Go” (a0, 911, 2™)),

where I have used eq. (2-10) to substitute for 7. Since the lead donor’s contribution

N, x

L,;o(bl?’/ qyy, aN)

is unobservable for Z = N, g maximizes eq. (2-1) resulting in

N * —N, x
W (w —gre (), atl, «N)) > g (G (g%, al}, a™)) (A-17)

where inequality in eq. (A-17) is strict if and only if /' (w;) > N’ (Cﬁ* (g, g, aN)).
Moreover, by eq. (A-17), q¥0/(Gre(ql, &) +3Y) > 4¥0'(Gr (g, aN) +3)) for any

g¥ > §% and thus 1 (-) < 0 implies that gi\{g(qlg, N, a

Cﬁ'* (g%, qN,aN) > Eﬁ’* (g%, qN, aN), with strict inequality if g

Ny > gﬁg(qg,qﬁ,al\]) and also

N,

L,

(g%, qN,aN) > 0.
To compare @g’*(qj, gN,aN) and Ef;*(qj) for j = {I,h}, recall from eq. (A-7) that
Ei’,*(q]-) =G} ’O(q]'), where G} ’O(q]') solves eq. (2-3). Since h”(-) < 0, by eq. (2-3) and eq.

(A-17), it follows that g7 (g, g}, &) > 0 implies

L,00

979 (G (gl ™)) = W (w1 — 8o (g ™)) > W (1) = 40/ (G (47) (A1)

Since v’ () < 0, the above inequality results in GY* (qj, g, &™) < G (q;)-

To establish that Cg’*(qh,qi\[’,aN) < Ei’,*(qh) for g < g5, by (A-18) it suffices to
show that g (g, 4, ) > 0. Since 82 (g4, g, aN) > T2 (ge g, ) for e € {1},
gﬁgg(qh,q{}’,aN) = 0 implies by eq. (A-16) that Eg’*(qﬁ,qﬁ, aVN) is independent of g
and aN and solves I'(wy) = gNv/ (Eg*(qﬁl)) for all g.. However, by eq. (A-17), this

results in a contradiction since h'(w;) < g0’ (Cg*(q{}’ )) for g < g;, implies a prof-
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itable deviation to g1, (g, 9}, &) > 0. Therefore, for gy < qu, &} o (qn Ny, &™) > 0
—N,x —S,* _N %
and by (A-18), Go,” (qn,qN,aN) < G (qn). For g = qp, g]L\{’OO(qh,qh,ocN) = 0 and

W (wy) = q,v’ (Eg’*(qh,qh, aN*)) satisfies egs. (A-16) and (A-17), which by (A-18) results

. =Nx —S,x
in Gy, (qn g, &) = Goy (qn)-

To establish that Cg’*(ql,qﬁ], oN) > G2 (q) for gN > g, note that by eq. (2-3)

and (A-18), Eg’*(ql,q{\{, aN) < G2 (q)) requires that qlv’(ég’*(ql,qﬁ{,al\’)) = W(wy —

gﬁm(ql,qg,ah})). Since gi\{g(qg,q{\l’,al\l) is increasing in g, this implies that eq. (A-17)

holds with equality for all g.. Substituting for eq. (A-17) into eq. (A-16) results in

W(w) = o (”zN%h'(wl — gt &) + i (wy — 37 (qn, L), “N))> +

+ (1= a™)H (wy — 300 (), ad, &),

For gl > g, requiring 7)Y > 0, the above equation is violated since gﬁ 2 (qn g, aN) >
gﬁg(q{\[’, gN,aN) > 0. Therefore, for g > g, Eﬁ’*(qz,q{\{, aN) < Efé*(%) cannot be sup-
ported in equilibrium, implying that Eg’*(ql,qg,(xh}) > Ei’,*(ql). For g = g, 1)) = 0
N,

and 37w (g, g, &) = 31w (q1,9%,aN) = 0 solve eq. (A-16) and eq. (A-17) with equali-
ties, resulting in Eg’*(ql, g1, aN) = @i*(ql).

Finally, to complete the proof, I establish that 1 ¢ CY cannot be sustained in equi-
librium. In that case, by part a), CN = @, which in turn implies E?{f;(qﬁ{, aV) = 0.
Then, eq. (A-17) holds with equality for all q- and thus g}j “(qc) > 0 for all g, since
W (w1) > g.0'(0). It follows that ' (w;) < qgv’(ég’*(qg)) for all g, which by eq. (A-15)

implies that g{\’]oo(qi\{, aN) > 0, contradicting CY = @. Therefore, 1 € CX. O

Proof. of Lemma 2-6
To prove that ﬁsf*(qj) = 0 for all j, analogous to the proof of Proposition 2-4, sup-
pose by means of a contradiction that ﬁsf*(qj) > 0 for some j. This, in turn, implies that

B5*(g;) > 0 for all j since a°* = 1 requires V7 (715*) > k > 0, which by Lemma 2-3
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necessitates 7'(2 * € (0,1). Moreover, by eq. (2-12), Eg’;(ql,qa’*,l) = Ei’,*(ql). How-
ever, this results in a profitable deviation to f°(gq;) = 0 since Ei’,*(ql) < Eg’*(ql) <
Eg;:(ql,qu *,aM*). Therefore, B°*(q;) > 0 for some j cannot be supported in equilib-
rium, implying that f5*(g;) = 0 for all j.

To complete the proof, note that gM* (g;) > 0 for some g;, requires aM* = 1in a fully
informed equilibrium. Then, by eq. (2-12) and Lemmas 2-2 and A-3, Gp. Eco (qh, qu’ 1) =
Goo"(an) > G (qn) > Go”"(an, 41", 1), implying that pN*(g;) = 0. Then, if BN*(q;) >
0, it follows by eq. (9) that 7'(ZN * = 1. By Lemmas 2-2 and A-3 this implies Ei\i’* (q1,91,1) =
G (q1) < Go¥(gy), contradicting N*(g;) > 0. Therefore, BM*(g;) > 0 for some g;
implies BN*(g;) = 0 for all g;. Conversely, BN*(g;) > 0 for some g; requires M*(g;) = 0.
Since °*(g;) = O for all j, this implies that gN*(g;) = 1 for all j. Such equilibrium is
possible as long as Goy " (q1,q9u,1) > G""(g;) and is supported with an off-equilibrium
belief of 7;"* = 0. O

Proof. of Proposition 2-8

Proving that qu > qu’ is analogous to the proof of Proposition 2-5. Similar to Lemma
2-4, 1 first establish that 5*(g;) > 0 for all g; and a>* > 0. In particular, f5*(g;) > 0
follows from the fact that 8°*(g;) = 0 for some j implies that V} (75*) = 0, resulting in

a%* = 0. This, in turn, implies q‘a’* = q_j where g_; = {I,h}\ {j} and by eq. (2-12),

Eﬁ’j;,(q_j, q-;,0) = éfc’,*(q_j). If —j = I, then there is a profitable deviation to 5*(g;) = 0
since Gy (41) < oy (q1) < Cﬁ;ﬁ(m,qu *,aM*).1f —j = h, then 5*(q;) > 0 implies that
G () > Crmlan a& o) > Gerlaraly',a?") for Z = {M,N} since Gy () >
EOZO’* (g) for all Z. This, in turn implies a profitable deviation to 3°(q;) = 1. Consequently,
in any SPI equilibrium B*(g;) > 0 for all j = {1, h}.

To establish #°* > 0, note that a5* = 0 implies by eq. (2-12) that E}z’;(q], q, as*) =
Efo’* (qfl*) forall j = {I,h}. Moreover by Definition 2-1, aZ* > 0 for some Z, implying that
B%*(q;) > 0for all j. However, @S'*(qi{k) > Eg’;(qh,qu*, *) > Eg::o(ql,qu*, *). The
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last strict inequality implies a profitable deviation to 8°(g;) = 1, implying that a>* = 0
cannot be supported in equilibrium. Consequently, in any SPI equilibrium a* > 0.
Given a®* > 0 and p>*(g;) > 0 for all j = {I, h}, establishing that gy > M is identical
to the proof of Proposition 2-5 and thus omitted here.

To establish the existence of a SPI equilibrium with g7/ > max{g}y*,qi"*}, consider
the equilibrium constructed in the proof of Lemma 2-4 with gN*(g;) = 0 for all j and
an off-equilibrium belief of 7'5;1\] * =0, implying qIL\[”* = q;. Then, it is straightforward to
verify that VN(0,1) = 0, resulting in aN* = 0. Then, by Lemma A-3, Cz’*(ql, q;,0) =

Efo'*(ql) < Efj;(qj, g, a%*) for Z = {S, M} implying no profitable deviation to N.  [J

Proof. of Proposition 2-9
Let GZ*(q) = lim, e G%*(g). To establish part a), I first show that lim qve(G,0) <

G—oo
h'(w1) is necessary and sufficient for the existence of Giz,o (q,mlyp) < oo forallithatsolves

eq. (2-20). Recall vgg(-) < 0,and vgg(+) +vec(+) < 0, resulting in qugg(G,0) (1 + mlpg) +

qvec(G,0) < 0. Then, since h”(-) < 0, implicit differentiation of eq. (2-20) results

GGIZ’O(q,m]lM) _ h”(wi)
I 9066 (G{,0) (1+m1 ) +q0e6(GL,0)

G{(q,mLp) < oo. Note that qug(0,0) (1 + mIy) +qog(0,0) — h'(wy) > 0since qug(0,0)

in > 0. Thus, it suffices to establish that
> W (wy). Then, qugg(G,0) (14 mln) + quec(G,0) < 0 implies that there is at most
one value G°(q,m1y) that satisfies eq. (2-20). Moreover, G%(q,mly) < oo exists if
an only if the left-hand side of eq. (2-20) turns strictly negative for some value of G, i.e.
Gli_r)r;oqu(G,O) (14 mly)+que(G,0) —H (wq) < 0. Since by assumption, éi_rgoqvc(G, 0) =
0, this condition reduces to (}I—Igo qve(G,0) — h'(wy) < 0.

Given G#%(q,m1p) < oo for all i, proving that G*(q) < GY*(q) is analogous to the
proof of Proposition 2. First, by a symmetric argument to the proof of Lemma A-1, it is
straightforward to establish that nl z_)ngo G%L(q,d?) — Glz’o(q, m1pr). Moreover, note that by

eq. (2-20), GIM’O(q, 0) = Gf’o(q) and implicit differentiation of the same equation results
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in

aG"%(qm) e (GZM’O(q,m),O>

1

dm o <5GG (GiM'O(q,m),O) (14 m)+ 046 (GlM'O(q,m),OD

>0 (A-19)

since quGG(G,0) (14 mlym) + queG(G,0) < 0. Thus, G (q) < GX*(g,m), with strict
inequality whenever m > 0. To show that /*(q) > 0, analogous to the proof of Propo-
sition 2, it suffices to show that % > 0. The objective function of the lead donor for

Z = M is given by

fiL(q,m) = h(wy — GZ(q,m) + GF (9, m)) + g5 (G#H(q,m), G**(g,m) — GF (q,m))
(A-20)
where G#(gq,m) denotes the follower donors’ aggregate best response for a fixed m.
In order for the lead donor to choose m > 0, it must be true that lim,,_ % > 0.
Recall that for m = 0, GM?(g,0) = GM(g,0) = G°(q). Thus, differentiating (A-20) w.r.t.

m and evaluating it at m = 0 gives rise to

dig(q,0 (6 5. (G 4G""(9)
D s (69100 (60.0)] 00
. . dGM(q,0
+ [ o (62°0)] i ST (A2

By eq. (2-20), the first term in the above equation equals 0. Moreover, since /'(-) > 0

~ AM
and z7g(-) > 0, lim;— e %ﬁ’o) > 0 if and only if limy, e dcii;;q,o) > 0. Since it holds that
- ~M.,0 ~M
lim;, oo Gf\_/f(q, m) = Gll fg;m), differentiating with respect to m gives lim, dGFd—’(Z’m) =

1 dG"(gm) G (gm)
Trm — dm (T+m)?

o dGMO (g,m) .
Substituting for ———"— from eq. (A-19) and evaluating at
& dm q g

®Similar to the base model, taking into account that Giz’o(q, mly) < oo for all i and that the individual
best response for a contributing follower, giz'* (9, G), uniquely solves eq. (2-19), I can employ the Andreoni-

McGuire algorithm to uniquely pin down G%(q,d#) (see Yildirim, 2014).

94



m = 0 obtains

~ ~ ~5,0
i 1EH@0) s 5 (G7*(9),0) »
(o) -1 ~ = ~ = =
e dm — (%66 (G°(0),0) + g (G°(9),0) ) 67°(q)
(A-22)
From the above equation, it is immediately evident that lim; e dﬁ[a(TZ’O) > 0 if and

~(066(G}°(0).0) +76(GF(9).0)) 60
96(Gy°(9),0)
and G*(q) < G (9).

only if = €5 (Gf’o(q),0> < 1, implying that m*(g) > 0

To establish part b), note that from the proof of part a), Clgr;) que(G,0) — W (wy) > 0
implies that GZ%(g, m1y) = co. Since Giz’o(q, 1y) < GZ0(q, 1) for all i, it must be the
case that 1 € C. Otherwise, if 1 ¢ C, then C = @, implying that Cozo*(q) = g%’* < oo. This,
in turn, implies that the individual contribution by the wealthiest follower type, glz'* (9),
must satisfy im0 §2*(9) > 0 since G°(q, 1p) > G&*(q), contradicting 1 ¢ C. Given
1eC,if G4 (q9) < oo, then analogous to the above argument, lim; glz'*(q) > 0, which
in turn results in a contradiction since G&*(g) > limy o 1137 (q) = co. Therefore, this

establishes that G%*(g) = oo if C%im qv¢(G,0) — I (wy) > 0 and completes the proof.  [J
—00

Proof. of Proposition 2-10
First, note that the lead donor’s informed payoff is ﬁioo(q]-, v) = ur(q;,9;, gi’;(qj)),

while the her uninformed payoff can be expressed as

o (050, 7) = (5, 05,855 (05)) + 7 (m50n0(GY0(qn) + (G5 (1) — afio (G (7)) )

Therefore, taking into account that q7; = ¥ 7'st qj for j € {l,h}, analogous to eq. (A-13),
j

Vfoo (7t%,) can be expressed as

Vi (7, y) = (A-23)
Y ol gy, 0,80%(0) — 1,95, 80 05) — 795 (0(G7 () — 0(GY(af) ) |
j={Ln}
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To account for the incentives constraints in eq. (2-11), recall from Proposition 2-1 that
4Gy (9)
dg;

Thus, the incentives constraints must be binding with g7 _(72) = limy e 3 (qc) > 0

= 0 and thus if g4 is common knowledge, 85,aa(‘7) = limy e gi’*(q) = 0 for all 4.

for gz € {q7;, qn} where g7, > q,.7. These binding constraints for the uninformed and the

high type of lead donor are given by

(91,90, (00) = (a1, 05,87 (5) + v (0(G0 (@) = 0(GF(a})) )

(085 802 (08)) = (a5 a0 87 (@) — a5 (0(GY (an) — o(GY(a5)) ) (A-24)

Note that eq. (A-24) implies that the summation in eq. (A-24) for j = I reduces to 0.

To simplify the remaining expression, note that by definition,

UL (9n 90 81 o (90)) = WL (q00 90 1 ee(020)) + (a1 — 720 0(GT P (7)) (A-25)

Substituting for the incentive constraint given by eq. (A-24) in eq. (A-25) and account-

ing for 1. (47, qhs 87 e (A1) = L (G A 81 e (@) — (an — 47)0(G°(qn) ), Tesults in
UL (G 95, 81 e (A5)) = TL(G G 81 o (01)) — (an — (1 = 7)a5;) (0(GP(qn)) — 0(G°(q3))) (A-26)

Finally, substituting for % (gy, qfl,gf;(qfl)) given by the above equation in eq. (A-
24) and simplifying results in V5 (7%, 7) = (1 — ) (a1 — q5) (v(GY° (q1)) — (G (a5)),
which completes the proof. O

7Recall that g7, = ¢, implies that (77, 777 ) = (1,0) and thus VIS/OO((l,O),’y) =0.
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APPENDIX B

PROOFS FOR SECTION 3

Proof. of Proposition 3-1

The aggregate funding from eq. (3-5) can be rewritten as

F(1p, ) = n (UL oty - g ()

(Y(p)fc(p)fl)h,(F(I’p’q))). Thus the marginal funding is:

where X = =l
9F(I,p,®)  F(I,p,®) Oy + pPrY [ 1, OX
ol Iy—1 "\TIy-1 g X357 (B-1)

It is straight forward that if % < 0 then ‘% < 0. Also if w > (0 then:

9X _ (Y(p) = C(p) = DI"(F(1,p, @) P2 (1 — ) + (Y(p) = Clp) ~ h) (FULp,®) _

oI (Ing — 1)2
(B-2)
Moreover the MFI's payoff is
Oy + pd _
o(F(1,p, @), 1,p) = n(Y(p) = C(p) = 1) (4 LPR ) (b — g (X))
M

thus the marginal effect of repayment I is:

9v(F(L,p,®),1,p)
o (B-3)

_ o (Qut PP Y(p)—C(p)-I 1 1/ (x)2X
= (LI [ (Melytn) oty — 1)) — (¥(p) — Clp) — g (X)%

which by eq. (B-2) implies w < 0. Thus, the MFI's problem has a corner

solution at I* = 0. This completes the first part of the proposition.
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At p = 1 funding is independent of ® and has to satisfy:

F(I,1,<I>):< i )(wIM—g'1((Y<1>—C<1>—I)h’(F(LL@))))

Iy —1 Iy —1

At p = 0 funding satisfies:

F(L,0,®) = < il ) (sz g (<Y<0> — C(0) — DI(F(L0,P)) ))

Iy —1 Iy —1

Comparing the two and noting that both /'() and ¢'~!() are decreasing functions reveals
that for any I and any ®, F(1,0,(0,1)) = 0 < F(I,1,®) < F(I,0,(1,0)). Therefore,
there exist ®; such that F(0,0,®) = F(0,1,®). Moreover, since both /() and ¢'~!() are

decreasing functions, F(I,0, @) is increasing in ®y; for any I. This completes the proof.

O
Proof. of Lemma 3-1
The aggregate best response can be calculated as:
Drn —1
F(Ly, &) = max {wIM — o (X1) ,o} (B-4)
Im—1
P
+ ( urt ) max {wIM — ¢ N1 = )Xo +1X7) ,0}
Im—1
here X — Y(O=CO=DH(EL®P) o4 x, — YO=CO=DI(ELLP) consider 71 such
where X =1 1 Inv—1 ' U

that for ®; = 0, wly — ¢! (7X1) = 0. Since F(I,7, ®) is increasing in ®y; , it is straight-
forward that for any ®y; > 0, wly — ¢’ (7X1) < 0. Therefore, for any 1 € [0, 7] eq. (B-5)
simplifies to: F(I,77,®) = (I(]I;”_”I) (wIy — g1 (1 —1)Xo+1nX1)). As a result:

IF (L1, D)
on N
() (—g1" (1= )Xo + 1)) ((OCOYOCOM L2 L
1 () (g (0 = )Xo+ ) ) (L l0O-CO ) - W 0]

-1 u—1
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and the inequality is strict for any ®; > 0. This completes the proof of the first part
of the lemma. In order to prove the second part, I will consider two cases separately.

Case 1: If m < 7 then, from part 1, for all n < 77, at &y = 0: F(L,y,P) = 0
and % = 0. Therefore it is straightforward that if 7 < 7, then ®; = 0 satis-
fies F(0,0,®) = F(0, 7r,®). Moreover, since by part 1, for any y < 7 at any &y > 0,
AL < 0, then for any ®y > By = 0, F(0,0,®) > F(0, 7, ®).

Case 2: If T > 7], then by part 1, for any ®;; > 0, aF(IgCD)
a result for any ®; < @y, since by Proposition 3-1, F(0,0,®) < F(0,1,®), there exists

< Oatanyn < 7. As

10(®) € (7,1] such that it solves F(0,0,®) = F(0,70(P),®). It is also straightforward
that 17o(®) = 1. Moreover, from previous case litig,—o1o(®) — 7. Therefore, for any
7 € (7,1) there exist @ such that ®;; < ®; and satisfies 17o(®) = 7. Then for any ® such
that &y > Oy, F(0,0,P) > F(0, r, P) and for any ® such that oy < Py, F(0,0,P) <
F(0, 7T, @). O

Lemma B-1. For any given posterior belief (1) MFI's payoff is decreasing in repayment, i.e.
v (E(Ln4)Lp)
REULPLD) g

Proof. of Lemma B-1
Consider the aggregate best response as given by eq. (B-5). There are two possible
cases.

Case 1: If wly; > ¢~1 (X1) then since ¢~ 1() is positive and decreasing:

D) _ () (oo o) - (22 0 (59)

Cbun . —1 . Cbun /_1/ % %
(et ) (oha =g (o X0) = (124 ) g (oot 30) (504 5
(B-5)
>0

It is straight forward that if L < 0 then 2 a < 0 for all p. Also if —aF(I A2)
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then:

X,

a1 X oo

((p) = Cp) = D" (F(L, 1, ®)) 51 (I — 1) + (Y(p) = Cp) = bW (F(Ln, @) _ o
(Im = 1)?

The MFI’s payoff is v(F(I,5,®),I,p) = (Y(p) — C(p) — I)F(I,n,®P). Thus from eq.

(B-5) the marginal effect of repayment I is:

PELIDILD) — _p(1,,0) + (v(p) ~ C(p) — 1) 2P

(2 ) [(M2 7 =) (g1 )~ ) - ) - g (30 ()]
+ (I;Du_nl> [(Y(p) ;MCEPI) - IM) (wIM — ¢ (Xo+ Xl))

—(Y(p) = C(p) = Dg' ™ (Xo + X1) <aa>§0 - aa)?ﬂ

, o u(F(Lig).L,
which by eq. (B-7) implies % <0.

Case 2: If wly < ¢! (X;) then only utilitarian investors invest thus:

BP(I,W,QD) . Cpul’l —1 q)uﬂ —1/ BXO 8X1
o (<1M_1>z) (wh =g X0+ X)) = (57 ) & o+ ) (7 + 57

The solution is analogous to case 1. O

Proof. of Lemma 3-2
From eq. (3-1) v(F(I1,n (L), ®), 1,1) < v(F(Ip,n(L),®), I, 1) can be written as:

(Y(1) = C(1) — h)F(L,n(hL),®) < (Y(1) = C(1) — L)F(L, 7(L2), ®) (B-7)

Since F(I;, % (1), ®) < F(Ip,n(I2),®) and by Assumption 3-2, Y (1) — C(1) < Y(0) —
C(0), eq. (B-7) implies:

(Y(0) = C(0) — ) F (I, (L), ®) < (Y(0) = C(0) — b)F(I, 7(l2), ®)
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which completes the proof. O

Proof. of Lemma 3-3

To prove part 1, assume by the means of contradiction that both types of MFI offer
two repayments I} < I, with positive probability. Thus, it must be true that an MFI
with p = 1 is indifferent between these two strategies, i.e. v(F(I;,n(L),®), I1,1) =
v(F(Ip, (L), ®),Ir,1). However, by Lemma 3-2, this implies v(F(I;, (1), ®),[;,0) <
v(F(Ip, (L), ®), I,0) which contradicts MFI with p = 0 mixing the two strategies I; and
b.

To prove parts 2 and 3, assume by the means of contradiction that an MFI of type p
chooses two repayments with positive probability Iy # Ip and I, # Ip such that I; < I,.
By part 1, the other MFI type will not choose either of these two with positive probability.
Therefore, consistent posterior belief has to be 1(I;) = #(I;) = p. By Proposition 3-
1, o(F(I1, p,®), 1, p) > v(F(L, p,P), I, p) which contradicts the MFI mixing the two
strategies I; and I.

In order to prove part 4, I will consider two possible cases.

Case 1: If the equilibrium is (partially) pooling then Ip has to be on the equilibrium
path. Assume by the means of contradiction that on the equilibrium path Iy < Ip.
Thus, an MFI with p = 0 will be indifferent between these two repayments, that is
v(F(Ig,n(Ig), ®), Ix,0) = v(F(Ip,n(Ip),®),Ip,0). However, since by Lemma 3-2 this
implies v(F(Ig,n(Ig), ®), Iy, 1) > o(F(Ip,n(Ip), ®), Ip, 1), an MFI with p = 1 has an in-
centive to deviate. Hence, Iy > Ip and by a symmetric argument, I} < Ip.

Case 2: If the equilibrium is separating then Ip is not on the equilibrium path. Assume
by the means of contradiction that on the equilibrium path Iy < I;. Thus, an MFI with
p = 1 (weakly) prefers I} over Iy, i.e. v(F(Ig,n(Ig), ®), Iy, 1) < v(F(Ir,n(IL),®),IL,1).
But, since by Lemma 3-2 this implies v(F(Ig, (1), ®), I1,0) < o(F(Ir,n(Ip), ®),Ir,0),

an MFI with p = 0 has an incentive to deviate. Hence, Iy > I;. This completes the
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proof. O

Lemma B-2. In all monotonic belief sequential equilibria, an MFI in an extremely poor commu-
nity always chooses a repayment of 0 when it is not pooling with an MFI in a marginally poor

community. That is I} = 0 if it is on the equilibrium path.

Proof. of Lemma B-2 Assume by the means of contradiction that I;, > 0, then consistent
belief is 77(I1) = 1. Monotonicity of beliefs thus requires, 7#7(0) = 1. But this gives an
MFI in an extremely poor community an incentive to deviate, since by Proposition 3-1

I*(1) = 0 and o(E(I*(1),1,®), I*(1),1) > v(F(I, 1, ®), 1., 1). 0

Proof. of Proposition 3-2

Step 1: I will prove that an MFI in an extremely poor community will not unilaterally
choose any repayment with positive probability. By the means of contradiction if it does,
by Lemmas 3-3 and B-2 it is I} = 0, which implies 7(0) = 1. In this case for any strategy
I > 0 that an MFI in a marginally poor community chooses with positive probability,
by Lemma B-1 v(F(I,%(I),®),1,0) < v(F(0,n(I),®),0,0). However, since &y < Py,
v(F(0,7(I),®),0,0)< v(F(0,%(0),®),0,0). Thus an MFI in a marginally poor community
has an incentive to deviate.

Step 2: I will prove that the two MFI types will not pool on any positive repayment.
By the means of contradiction if they do, by Lemma 3-3 it has to be a unique repayment
Ip > 0. Then, for both types (any p € {0,1}), by Lemma B-1 v(F(Ip,5(Ip),®),Ip, p)
< v(F(0,7(Ip),®),0,p). Moreover, by step 1 only an MFI in a marginally poor com-
munity might partially separate, which implies #(Ip) > 7. Additionally, monotonicity
of beliefs requires #(0) > #(Ip) > m. However, since ®;; < &Py; it must be true that
v(F(0,7(Ip),®),0,p)< v(F(0,1(0),®),0,p). Thus both MFI types have an incentive to

deviate.
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Step 3: I will prove that an MFI in a marginally poor community will not unilater-
ally choose any repayment with positive probability. By the means of contradiction if it
does, by Lemma 3-3 it has to be a unique repayment Iy > 0, which implies #(Ig) = 0.
Moreover, by Lemma B-1 v(F(Iy, #(Ig), ®), Iy, 0) < v(F(0,%(Ig),®),0,0). Additionally,
by step 1 and 2, the two types partially pool on Ip = 0, which implies #(0) > 7. How-
ever, &y < Oy implies v(F(0,%(Ig),®),0,0)< v(F(0,17(0),®),0,0). Thus an MFI in a
marginally poor community has an incentive to deviate.

Step 4: By steps 1 to 3 and Lemma 3-3, the only remaining monotonic belief sequential
equilibrium is fully pooling on zero repayment, which implies #7(0) = 7t. Consider the
off equilibrium belief that for all I > 0, #(I) = 7. This is a monotonic belief structure.
Moreover, by Lemma B-1 neither type has an incentive to deviate. Thus, such equilib-
rium exists and is the unique (in strategies) monotonic belief sequential equilibrium of

the game. N

Proof. of Proposition 3-3

Step 1: I will prove that the two MFI types will not pool on any repayment. By the
means of contradiction, if they do, by Lemma 3-3 it has to be a unique repayment Ip and
the posterior belief will be 77(Ip) € (0,1). Moreover, ®; > ®; implies that F(Ip,0,®) >
F(Ip,1,®) which in turn gives F(Ip,0,®) > F(Ip,n(Ip), P). Additionally, the payoff of
an MFI in an extremely poor community is 0 at I(1), i.e.,, v(F(I(1),0,®),I1(1),1) = 0.
Therefore, there always exists a repayment Ip € (Ip, I(1)) such that v(F(Ip,0,®),Ip,1) =
v(F(Ip,n(Ip),®), Ip,1). Then, by Lemma 3-2 v(F(Ip, 0, P), Ip,0) > v(F(Ip,n(Ip), ®), Ip,0).
This provides an MFI in a marginally poor community with an incentive to deviate since
the equilibrium belief is #(Ip) = 0. The reason is that since by Lemma B-1 an MFI’s pay-
off is decreasing in repayment for a given belief, any I > Ip is equilibrium dominated for

an MFI with p = 1 and the intuitive criterion imposes the belief 7(Ip) = 0.
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Step 2: The separating equilibrium is unique because by Lemma B-2 in any sepa-
rating equilibrium the two MFI types will choose repayments that satisfy [**(0, ) >
I**(1,®) = 0. Moreover, by Lemma B-1 an MFI’s payoff is decreasing in repayment for
a given belief, therefore, an MFI in a marginally poor community will choose the least

costly signal that satisfies:

o(F(I**(0,®),0,®), I"*(0,®),1) = o(F(0,1,9),0,1)

It is straightforward that such equilibrium can be supported by the following beliefs:

1 if I < I**(0,®)
n(I) =
0 if I > I**(0,®)

and that an MFI in a marginally poor community raises more funds: F(I**(0,®),0, ®) >

F(I*(1,®),1,®). 0

Proof. of Proposition 3-4

Step 1: I will prove that an MFI in an extremely poor community will not unilaterally
choose any repayment with positive probability. By the means of contradiction if it does,
by Lemmas 3-3 and B-2 it can only by a repayment of I; = 0, which implies 7(0) = 1.
Moreover, for any strategy I > 0 that an MFI in a marginally poor community chooses
with positive probability, by Lemma B-1 v(F(I,7(I),®),1,0) < v(F(0,7(I),®),0,0). Ad-
ditionally, since ®;; < @y, v(F(0,5(I),®),0,0)< v(F(0,7(0),®),0,0). Thus, an MFI in
a marginally poor community has an incentive to deviate. As a result, by Lemma 3-3,
an equilibrium can only entail an MFI in an extremely poor community choosing a re-
payment Ip > 0 and an MFI in a marginally poor community fully or partially pooling

with it. In the latter case, by Lemma 3-3, it will mix between Ip with some probability
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v € (0,1) and one other repayment Iy > Ip with probability 1 — 7. Furthermore, v = 1
corresponds to full pooling.

Step 2: I will construct a partially separating equilibrium as described in step 1 such
that the two MFI types partially pool at I, = 0. Since ®;; < @y < Py, by Proposition
3-1 and Lemma 3-1, F(0, 77, ®) < F(0,0,®) < F(0,1,®). Hence, there exists n* > 7
such that F(0,1#*,®) = F(0,0,®). There also exists ¢ > 0 such that #* —¢ > m and
F(0,7* —¢e, @) < F(0,0,®). Moreover, since F(I(0),0,®) = 0, there exists Iy € (0,1(0))
such that v(F(Iy,0,®),I1,0) = v(F(0,7* —¢,®),0,0). Additionally, since * —¢ > T,
there exists 7* = (n(l_”*ﬂ)

7 —¢e)(1-7)
pools with the other type at Ip = 0 with probability v*, then the posterior belief in the

€ (0,1) and if an MFI in a marginally poor community

pool is 1(Ip) = y* —e. As a result, v(F(Ig,0,®),Ig,0) = v(F(0,7(0),®),0,0) and by

Lemma B-1, under the following beliefs:

n*—e ifl<Iy
(1) =
0 if [ > Iy

an MFI in a marginally poor community will not have an incentive to deviate from a
mixed strategy of choosing Ip = 0 with probability 7* and Iy otherwise. Furthermore, by
Lemma 3-2 v(F(Iy,0,®),Iy,1) < v(F(0,1(0),®),0,1) and thus by Lemma B-1, an MFI in
an extremely poor community will not have an incentive to deviate from choosing Ip = 0.

This completes the proof. O
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