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ABSTRACT

This thesis presents two theoretical models. The first shows how the cost of doing business associ-
ated with red tape arises as a response to institutional failure, namely, a failure of the legal system.
It shows that, when legal system is inefficient, an increase in the cost of doing business can increase
society’s welfare. The second model shows how credit constraints affect political preferences of
the society relating to human capital investments. Families that are credit constrained invest less
in their offspring human capital and thus also prefer policies that involve direct cash transfers to
human capital investments.

Key-words: Economic Regulation. Bureaucracy. Red Tape. Credit Constraints. Human Capi-
tal. Majority Voting.



RESUMO

A tese desenvolve dois modelos teóricos. O primeiro deles mostra como o custo de realizar
negócios associados a burocracia surge como resposta a uma falha instituicional, em particular,
uma falha no sistema de justiça. Ele mostra que, quando o sistema de justiça é ineficiente, um
aumento no custo de realizar negócios pode aumentar o bem-estar da sociedade. O segundo mod-
elo mostra como restrições de crédito afetam as preferências políticas da sociedade no que tange
investimentos em capital humano. Famílias com restrição de crédito investem menos no capital
humano dos filhos e, por esse motivo, acabam também acabam preferindo políticas que envolvam
transferências diretas de renda a investimentos em capital humano.

Palavras-chave: Economia da Regulação. Burocracia. Restrição de Crédito. Capital Humano.
Votação Majoritária.
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Chapter 1

A Positive Theory of Red Tape

Abstract

We develop a model where the cost of doing business associated with red tape can arise as
a response to institutional failure. When the legal system is inefficient, it cannot stop oppor-
tunistic behavior from happening in the market. In this case, an increase in the cost of setting
up business relationships can improve the quality of the market. The cost reduces the bene-
fit of unproductive agents from setting up short-term relationships only to take advantage of
their partners. We show that productive individuals benefit from raising the bureaucratic costs
even though their costs of doing business increase. They benefit because such costs reduce the
share of unproductive types in the market. We also show that the level of red tape required to
improve the market is decreasing on the efficiency of the legal system.

Keywords: Economic Regulation, Bureaucracy, Red Tape;
JEL Codes: D73, K20, L51;
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1.1 Introduction

According to the World Economic Forum’s Global Competitiveness Report, countries vary greatly

on the time and procedures required to open a business. In 2010, it took 119 days in order to start

an enterprise in Brazil while in Australia it took only two. Time-consuming procedures as well

as fees and taxes increase the cost of doing business and therefore might discourage the creation

of new enterprises and also economic development (see Bah and Fang, (2015) and Boedo and

Mukoyama, (2012)). This fact begs the question: why does red tape exist and why does it vary

among countries?

This paper presents a simple model where red tape is an endogenous response to a malfunc-

tioning legal system. We describe it as follows: red tape works as a selection mechanism to stop

unproductive agents from entering the market and forming business relationships. Unproductive

agents are individuals that exert low effort in a business relationships. When the legal system works

properly, opportunistic agents never choose to enter the market because of deterrence.

The environment we consider is this: there is a continuum of mass one of infinitely lived agents.

They differ in their types, with one type having a low cost of exerting effort (productive type) and

another with a high cost (unproductive type). Agents have to decide whether to enter the market to

form a business relationship or to sell their labor force in a competitive labor market. Those that

choose to enter the market to form business relationships must pay a cost to form that relationship

with a randomly assigned agent. The partners engage in an economic activity in which their actions

will jointly determine their payoffs. In this activity, they each choose their level of effort, which is

costly and this gives rise to opportunistic behavior (exerting no effort). The partnerships are long

term and last until one of the partners decide to undo it or an exogenous breakdown occurs. Finally,

there is a legal system in place, which punishes agents that engage in opportunistic behavior.

We first analyze the benchmark case in which the legal system works perfectly. In this case, we

show that productive agents always start business relationships and cooperate with their partners.

Unproductive agents never enter the market since their cost is too high and cooperation would yield

a lower payoff than their outside option. Such agents would only start business relationships if there

is a chance of engaging in an opportunistic behavior, but a functioning legal system penalizes such
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behavior. Since no unproductive type enters the market, the market is fully sorted, that is, society

can separate productive types from unproductive types.

Then, we analyze the case in which the legal system does not work perfectly. First, we show

that if the cost to form a business relationship is sufficiently high, it can sort fully sort the market.

The cost required to sort the market is decreasing on the quality of the legal system. That is, the

more efficient the legal system is, the less the cost must be to stop unproductive agents from enter-

ing the market. Second, we show that if the cost of starting a business relationship is sufficiently

high, but lower than the level that fully sorts the market, then productive agents still enter the mar-

ket and exert effort, and unproductive agents are indifferent between entering the market or not.

In this scenario, some unproductive agents stay out of the market and therefore we characterize

it as a partially sorted market equilibrium. In this case, the level of cost required to partially sort

the market at a given level is decreasing on the legal system’s efficiency. Third, we show that if

the cost of starting a business is too low, then agents of both types will always choose to enter

the market and start a business. Productive agents will always choose to cooperate and will break

the relationship if its partner exerts no effort. Unproductive agents will always choose to exert no

effort. In this case, the market is not sorted.

We interpret red tape as being a component of the cost required to start a business relationship.

An increase in red tape, therefore, raises the cost of forming business relationships. Thus, raising

red tape costs might improve the quality of the market in the sense that it can reduce the amount of

unproductive agents that enter the market. For instance, in a situation where both types of agents

are entering the market, a sufficiently high increase in red tape might partially or even fully sort

the market, thus improving it quality.

The intuition of our results is this: the red tape makes it costly for both types of agents to form

relationships. However, relationships of unproductive agents are "fly-by-night", in the sense that

they last only one period and therefore such agents have to pay the set up costs every period. This

reduces their expected payoff of entering the market, and thus the share of unproductive agents

looking to form businesses decreases. Productive agents, on the other hand, are less affected by set

up cost because their relationships are long term and therefore they don’t have to pay set up cost as

often as unproductive agents. Thus, productive agents benefit from red tape because, even though
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their costs of starting business relationships increase, the quality of the market improves (there are

less unproductive agents in it) and this raises their expected payoff of entering the market.

To conclude, we show that, under a given set of parameters, red tape increase the expected

payoff of productive types to enter the market. Therefore, red tape costs might arise endogenously

(through a voting system, for instance) in the absence of a well-functioning legal system.

The paper is divided as follows. Section 2 discusses the related literature and presents some

evidence in support of our results. Section 3 describes the model. Section 4 describes the equilib-

rium under the presence of a perfect legal system. Section 5 describes the equilibrium under an

imperfect legal system. Section 6 studies how red tape can improve the functioning of the market.

Section 7 concludes and the Appendix contains omitted details.

1.2 Related Literature and Empirical Evidence

There are a number of papers1 that classify theories about the existence of red tape in basically two

categories: "grabbing hand" theories and "helping hand" (or "public interest") theories. "Grabbing

hand" theories claim that red tape exists in order to extract rent from individuals. Both Tullock

(1967) and Stigler (1971) develop theories in which regulations are "lobbied in to existence" by

large firms in order to raise entry costs to deter the entry of new competitors. More recently, Ace-

moglu (2008) develops a model where entry barriers are created when the political system is oli-

garchic. Existing entrepreneurs concentrate political power and use it to prevent new entrepreneurs

from entering the market.

Other "grabbing hand" theories argue that regulation and red tape exists for bureaucrats to ex-

tract rent from the public. Shleifer and Vishny (1993) argue that the time-consuming requirements

and procedures necessary to process requests, give permits and licenses are difficulties created so

that bureaucrats and politicians can “sell” favors in order to speed up the process. According to

this theory, corruption is the main driving force behind the existence of red tape. In Guriev (2004),

bureaucrats act as intermediaries between the government and the public. The government uses

regulation as a principal who wants to discover the types of the individuals (agents) demanding a

1See Djankov et al. (2002), Djankov (2009), Shleifer (2005, 2010).
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government service. The bureaucrats implement the necessary regulation, but create red tape in

order to extract rents from the agents. In Ahlin and Bose (2007), the efficient business licenses is

dependent on the share of honest registry officials.

The “helping hand” or "public interest" are motivated by Pigou (1938) which argues regulations

and costs associated with it are necessary because of market failures and monopolies. Red tape

and bureaucratic procedures are the instruments government uses to screen businesses in order to

ensure product quality and safety. Banerjee (1997) develops a model where government has to

assign scarce slots to candidates (like patients and hospital beds, for instance). The agents that

value the good the most are poor, and therefore if the slots were allocated thorough an auction they

would end up without a slot. Time-consuming red tape works to select individuals that value the

slot the most. Arruñada (2007) reinforces this view by arguing that "simplifying" procedures to

engage in business activities has the collateral effect of suppressing important information about

firms, which in turn raises transaction costs. In line with the "public interest" theory, Davie (2013)

develops a model in which red tape can be used as a policy instrument in order to "subsidize"

domestic firms. According to the theory, countries participating in international trade agreements

that cannot discriminate between domestic and foreign firms can use red tape as a protectionist

mechanism. The authors argue that, even thought both types of firms are treated equally, domestic

firms benefit because its easier for them to learn and comply. Thus, red tape works as a de-facto

discrimination.

In contrast with both types of theories, Shleifer (2005, 2010) offers a new explanation for the

existence of regulation and red tape. The author argues that even countries with low corruption

have many regulations enacted and market failures can be corrected largely by contracts if trans-

action costs are low. Therefore, neither "grabbing" nor "helping" hand theories can account for all

regulations.

Shleifer’s insight2 in both papers is that regulation can arise as a consequence of imperfect

legal institutions. Even if contracts could mitigate market failure and tort law could account for

contingencies outside of contracts, such instruments are ineffective if the legal system is imperfect.

Contracts are ineffective if the expectation of enforcement is low (when justice system is defective)

2The author does not present a model, only a verbal formulation of the theory.
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and tort law errors (if big enough) might discourage new entrants in the market.

In line with this theory, Schwartzstein and Shleifer (2013) model an "activity-generating theory

of regulation". In the model, imperfect courts can make tort litigation errors so large that socially

desirable investments by new entrant firms are discouraged. The authors describe an environment

where firms engage in potentially risky investments, such as the creation of a new drug (that can

have harmful side effects) or the construction of a nuclear power plant. The function of regulation

is to verify if the investments have undertaken the appropriate precautions to ensure reasonable

safety. Regulatory compliance informs the court and thus reduces significantly the possibility of

error in case of tort litigation. The authors demonstrate that if the social return of investments of

new entrants are larger than the private return, then regulation will generate efficient investment

levels.

Our model relates to the insight in Shleifer (2005, 2010) as well, since it presents the existence

of red tape as a response to imperfect legal system. However the mechanics and relationship

between regulation and legal system in our model is very different from Schwartzstein and Shleifer

(2013). In our model, red tape is a sunk cost which, in the absence of a perfect legal system,

works as a sorting mechanism to prevent unproductive types from entering the market. Red tape

is a substitute for when contracts between two agents are not reasonably enforceable by the legal

system. Therefore, raising the cost of doing business raises the private return of productive agents

by excluding unproductive types from the market.

Another important crucial difference is this: in order for regulation to increase efficiency in

Schwartzstein and Shleifer (2013), business activity has to generate positive externalities. Our

model, on the other hand, shows that red tape associated with regulation might increase the welfare

of society when there are no positive externalities associated with starting a business relationship.

Moreover, our paper relates to the literature that studies self-enforcing mechanisms in the ab-

sence of government institutions to protect contracts. Dixit (2007) models alternative ways to

ensure governance where the rule of law is absent. Institutional failure in our model does not need

to be related to corruption. The failure of the legal system can be associated with technological

inefficiency and lack of resources.
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Djankov et al. (2002) investigates empirically the nature of regulation of entry. The authors

create three measures of entry regulations required to start a business: number of procedures,

monetary costs of fees and licenses, and days required to start enterprises. Then, they show these

regulations are not positively associated with several measures of product quality (such as ISO

certifications, water pollution measure, deaths from accidental poisoning, etc.) as the "helping

hand" theory would argue, but are in fact negatively or, at best, not statistically associated with

those measures. Such results would indicate, as the authors argue, that the "grabbing hand" theory

would be the more appropriate explanation to the existence of bureaucracy.

In spite of these results, the authors are careful to consider - without formally modeling it -

the possibility that red tape might be a "second best" solution to a country where the judiciary is

inefficient or unreliable3. This conjecture is closely related to our theory. In order to test this pos-

sibility, they run the regressions of product quality measures on red tape, but this time controlling

for judiciary efficiency and reliability measures. They find the same results as before, that is, entry

costs are negatively or not statistically associated with product quality.

In our empirical exercise, we run regressions with different specifications than Djankov et al.

(2002). In order to test the plausibility of the theory that red tape is a substitute for a poor justice

system, we must run the regression of product quality of Djankov et al. (2002) not only with

the measures of judiciary quality, but also with an interaction between such measure and the red

tape measure. The logic is straightforward: if the justice system and red tape are substitutes, than

they interact negatively with respect to quality. That is, the marginal effect of red tape must be

decreasing on the judiciary quality.

We use the same data used in Djankov et al. (2002). We ran the regressions using as dependent

variable quality measures (ISO certification, Water Pollution and Deaths from accidental poison-

ing). The red tape proxy used was the number of procedures required to start a business. Finally,

we have used two measures of judiciary quality from the World Business Environment Survey

3To quote the authors: "(...) suppose that some countries have particularly egregious market failures, but also
especially poor alternative mechanisms for dealing with them, such as the press or the courts. Regulation, for example,
might be less infected by corruption than (...) the judiciary. A public interested regulator in such countries would
choose to use more regulatory procedures because the alternative methods of dealing with market failure are even
worse, but still end up with inferior outcomes." (Djankov et al. (2002), p.25)
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conducted by the World Bank in 2000. All judiciary quality measures were taken from Djankov et

al. (2003)4 which are the measures used also in Djankvo et al. (2002).

The results are in Table 1.1. They show that, at least for the "ISO Certification of Quality

Standards" measure, the introduction of the interaction between the measures of red tape and legal

system quality have changed the signs of the coefficients in relation to the ones in Djankov et al

(2002). Now, the number of procedures required to start a business has a positive and statistically

significant association with product quality, but its effect is decreasing on the quality of the legal

system. The marginal effect of the legal system quality follows the same pattern. These associa-

tions give plausibility to the story of our model in the sense that red tape might be a second best

solution in a world where the justice system is unreliable.

In addition to the regressions of market quality on the red tape measures, Djankov et al (2002)

have also shown a correlation between the number of procedures required to start a business and

corruption perception indexes. The authors argue that such correlations favor the theory that cor-

ruption is at least one determinant of red tape. Following that idea, we have also ran regressions

of the number of procedures required to start a business on both corruption indexes and judiciary

quality measures. If a statistically significant correlation exists between legal system quality and

the red tape measure even after controlling for corruption, than the idea that red tape is a second-

best solution to an imperfect legal system becomes plausible.

Figure 1.1 shows that there exists a negative correlation between the quality of the legal system

and the number of procedures required to start a business even after controlling for corruption.

The correlation is statistically significant and is robust to different measures of corruption and

legal system quality.

4Details of the measures can be found in there.
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Figure 1.1: Number of Procedures and Legal System Quality

1.3 Model

This section is divided into three subsections. We first describe the model’s environment first

without incorporating the legal system. Then, we describe how the legal system works and we

incorporate it in the model. Last, we briefly describe the strategies and equilibria.

1.3.1 Environment

The society is a continuum of mass one of infinitely lived agents. Agents can engage in either one

of two activities: sell their labor in a competitive labor market or to enter the market to start a busi-

ness relationship. At the beginning of a period, agents are either in a business relationship or not.

Agents already in a business relationship must choose whether to keep the ongoing relationship or

undo it. An agent that is not in a business relationship must choose one the two economic activities.

If the agent chooses to sell her labor, she collects A > 0. If the agent chooses to form a business

relationship, she is randomly matched with an other agent that has chosen to form a relationship

as well. Once they are matched they can form the business relationship with each other by paying
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each a set up cost, κ ≥ 0. If they choose not to pay the set up cost and form the relationship,

then both agents collect zero payoff. Next, agents that have entered in a business relationship must

choose simultaneously whether to exert effort or not in the business activity. We define effort as

e ∈ {h, l} with e = h when the agent exerts effort. Effort is costly and defined as c > 0. Once

both agents have chosen the effort level, payoff is determined, the period ends and another begins.

The agent’s discount factor of future periods is δ ∈ (0, 1).

Agents are different with respect to the cost of exerting effort. They are classified into two

types: “productive” (p) and “unproductive” (o) where cp < co - that is, productive individuals

have a lower cost of exerting effort. The share of productive individuals is θ. Individual’s type is

private information. The productive type is the majority of the population, θ > 1/2.

We define yi(ei, ej) as the per-capita payoff of agent i ∈ {o, p} in a business relationship with

player j ∈ {o, p}. When both agents exert effort, the payoff of agent i is yi(h, h) = π − ci. If the

agent i exert effort but her partner does not, then her payoff is yi(h, l) = γ− ci. When agent i does

not exert effort, but her partner exerts, then the payoff generated is yi(l, h) = γ. Finally, if both

agents do not exert effort, the agent’s payoff is yi(l, l) = 0.

The business relationship between two agents lasts until either one of them decides to end it or

if an exogenous shock occurs with probability λ > 0. Every time an unmatched agents decide to

form a new business relationship, they have to pay the set up cost κ. Agents that are already in a

business cannot set up new relationships with other agents.

We also state the following assumption:

(A1) π − co < A < π − cp < γ;

This assumption implies three thing: first, that the payoff of not exerting effort while the other agent

exerts effort is greater than the payoff when both agents exert effort. This allows for the possibility

of “opportunistic behavior”. Second, the payoff a productive agent collects in the market when

both agents exert effort is greater than what the agent would receive if she had chosen to enter

the labor market. This is necessary otherwise productive agents would never enter a business

relationship and exert effort. Third, it implies that it is not profitable for an unproductive agent to

enter in a business relationship and exert effort, but it might be profitable to enter and do not exert
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effort. This guarantees that if unproductive agents are in the market to form business relationships,

they will always chose not to exert effort.

(A2) γ − cp < 0;

(A3) 2γ − cp < 2A;

(A4) π − cp + γ − cp > 0;

(A5) κ ≤ π − cp − A

Assumption (A2) states that the payoff of exerting effort while the other agent does not exert effort

is negative. This assumption implies that not exerting effort strictly dominates exerting effort.

Assumption (A3) states that the outcome when one agent exerts no effort and the other exerts

effort is not efficient. Assumption (A4) is a necessary condition in order for the value function of

productive types to be positive. Assumption (A5) implies that productive types always choose to

form business relationships in a market in which there are no unproductive types.

Finally, assumptions (A1) and (A4) combined implies that the efficient allocation is when both

agents exert high effort. That is: 2 (π − cp) > max {0, 2γ − cp} ⇐⇒ π − cp > A.

1.3.2 The Legal System

The society has a legal system which monitors the actions of agents. In order to prevent oppor-

tunistic behavior, the legal system punishes agents who exert no effort when their partners exert

effort.

The punishment technology is a fine that is taken from the one that exerted no effort and is

transferred to the one that exerted effort in order to compensate her. We define f as the de-jure

compensation the agent who exerted no effort has to pay to the one who exerted effort. The de-

facto compensation is defined as ρf , where and ρ ∈ [0, 1] is the efficiency of the legal system. That

is, the more efficient a judicial system is, the closer the actual and de-jure compensations are. With

the legal system, the business activity game can be described by the figure below:

11



Figure 1.2: Stage Game with a Legal System

Player j
Effort No effort

Player i
Effort π − ci, π − cj γ − ci + ρf , γ − ρf

No effort γ − ρf , γ − cj + ρf 0, 0

With the legal system in place, no productive type has an incentive to deviate from exerting

effort if and only if two conditions are satisfied:

yi (h, h) > yi (l, h) ⇐⇒ ρ > ρi =
γ − (π − ci)

π − γ

yi (h, l) > yi (l, l) ⇐⇒ ρ > ρ̄i =
ci − γ
π − γ

The first condition implies that the fine is big enough to stop opportunistic behavior of pro-

ductive types. On the other hand, the second condition implies that the compensation agents that

exert effort receive when their partners exert no effort is big enough to secure a positive payoff.

We make additional assumptions:

(A6) π > γ + co/2;

(A7) π > 2γ

(A8) co − cp > π − 2γ

Assumption (A6) implies that ρ̄i < 1. Assumption (A7) implies that ρ̄p > ρp. If ρ > ρ̄p, then no

productive type has an incentive to exert no effort. . If ρ ∈
(
ρp, ρ̄p

)
, then productive types exert no

effort if their partner exerts no effort also. If ρ < ρp, then the legal system is insufficient to prevent

productive types from always exerting no effort. Assumption (A8) implies ρ̄o > ρo > ρ̄p > ρp.

Therefore, if ρ > ρ̄o, then the legal system prevents both types from engaging in opportunistic

behavior. If ρ < ρp, then the legal system is not efficient enough to stop it. If ρ ∈
[
ρp, ρ̄o

]
, then,

in the market, at least one type of agent has an incentive to engage in opportunistic behavior in the

stage game. We will focus the analysis on the cases ρ > ρ̄o and ρ < ρp.

12



1.3.3 Strategies and Equilibria

Strategies are a sequence of maps that map the information set5 of agents on the actions. Agents

also have a belief about the share of productive types that are in the market looking to form business

relationships.

Productive agents that begin a given period in a business relationship decide whether to keep

or undo it based only on the history of effort exerted in that business relationship. Productive

agents that are not in a business relationships have to decide to form relationships or to sell their

labor market given their belief about the share of productive agents looking to form relationships

and such choices are calendar independent. When choosing to enter the market or selling their

labor force, unproductive agents choose a mixed strategy, entering the market with a probability

given their information set and belief about the share of productive agents looking to form business

relationships.

In equilibrium, given the belief about the share of productive agents looking to form business

relationships, neither productive nor unproductive agents have incentives to deviate from their

strategies. We pin down the share of productive agents looking to form business relationships by

looking at "stationary equilibria", which we define as a situation in which the share of productive

types that want to form relationships is constant through time.

1.4 An Economy with a Perfect Legal System

We consider the benchmark case the situation where ρ > ρ̄o, that is, when the legal system is

efficient enough to prevent both unproductive and productive agents from engaging in opportunistic

behavior.

In an economy where cooperation is ensured by the legal system, productive agents are the

only ones that might choose to participate. This happens because unproductive types will not enter

the market since π − co < A. Moreover, because of the legal system, productive agents have an

incentive to always exert effort.

5The information set has all the observable parameters κ, θ, λ, δ, the agent’s type that is only observable by her
and the history of effort exerted by her partners in previous and current business relationships up to present period.
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We define V p
u and V p

m as the value functions of an unmatched and a matched productive agent,

respectively. Notice that:

V p
u = V p

m − κ

V p
m = π − cp + δλV p

u + δ (1− λ)V p
m

Solving the system yields:

V p
u =

π − cp − λδκ
1− δ

− κ (1.1)

V p
m =

π − cp − δλκ
1− δ

(1.2)

The value of a business relationship for an unmatched productive agent is made up of three

elements: first, the present value of exerting effort payoff, second the set up cost of the new re-

lationship, third, the element
δλκ

1− δ
. The third element represents the expect cost of setting up

business relationships in the future in case of an exogenous breakdown. This cost is increasing

in the probability of an exogenous breakdown and in the discount rate. A higher probability of

breakdown increases the likelihood of having to set up new relationships and higher discount rate

implies individuals care more about future costs. Intuitively, the value of an established business

relationship is the same as in (1.1) with the exception of κ, because the initial cost has already been

paid.

Market Participation Constraint

Productive types decide to participate the market if and only if V p
u ≥ A/(1−δ). This condition

is satisfied for every λ and δ by assumption (A5).

Note that the restriction is imposed on κ. If the set up cost of forming a business relationship

is too high, than it becomes less profitable than entering the labor market. Thus, we have the

following proposition:

Proposition 1. Suppose that ρ > ρ̄p. Only productive agents enter the market, form business

relationships and exert effort. Unproductive agents always stay in the labor market.

The legal system separates unproductive from productive agents. Unproductive agents collect
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the labor market payoff and productive types are forming business relationships.

1.5 An Economy with Imperfect Legal System

In this section, we will describe the cases where the legal system is insufficient to enable cooper-

ation, namely, ρ < ρp. Now, productive agents have an incentive not to exert effort in business

relationships. Also, unproductive agents might find profitable to form business relationships and

not exert effort.

We assume productive agents will play the following strategy: Agents will enter (or stay, in case

she is already matched at the beginning of the period) the market to form business relationships,

make a relationship and exert effort as long as her partner keeps exerting effort as well. If her

partner deviates and exert no effort, she terminates the relationship at the beginning of the next

period. Unproductive agents will enter the market to form business relationships with a probability

p ∈ [0, 1]. Once in the market, they will form business relationships and exert no effort.

The main result of this section a description of equilibrium set as a function of the cost to

set up relationships. There are three intervals of κ. If the cost is too low, then the market is not

sorted - agents of both types enter the market. If κ is high enough, the market is fully sorted -

only productive agents enter the market. If κ is in between, then the market is partially sorted -

unproductive agents are indifferent between entering the labor market or entering the market to

form business relationships and choose the latter with positive probability.

Productive Type

In order for the strategy of productive agents to be an equilibrium, two conditions must be satisfied.

First, the market participation constraint: agents must prefer to enter the market to form business

relationship than selling their labor. Second, the incentive compatibility constraint: agents in a

business relationship must prefer to exert effort.

At the beginning of period t, productive agents are either matched in a business relationship

or are unmatched. Also, strategies adopted by both types imply that, at the begin of a period,

unproductive agents in the market looking to form a relationship are always unmatched. This
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means that the mass of them must be p(1 − θ), which is the fraction of unproductive types that

enter the market. Therefore, the mass and the share of unmatched productive types is endogenous

because it depends on the share of unproductive types that enter the market. Define θ̃(p) as the

share of unmatched productive types. We have the following Lemma:

Lemma 1. The share of unmatched productive types is:

θ̃ (p) =
λθ

λθ + p(1− θ) [1− p (1− λ) (1− θ)]
(1.3)

The proof of Lemma 1 is relegated to the appendix.

The share depends on three parameters. The probability of exogenous breakdown, λ, affects

positively the share of unmatched productive types directly since the higher λ is, the more often

breakdowns occur and thus more productive agents are unmatched at the beginning a next period.

The share of productive types in the economy, θ, also affects positively the share of unmatched

productive types because the more productive types there are in the economy, the more productive

types will be unmatched in relation to unproductive ones. Finally, the probability of an unpro-

ductive agent to enter the market type affects negatively the share of productive types because

unproductive agents always begin a period unmatched and this affects the pool of the unmatched

individuals.

We define V p
u as the value function of productive agents that are not in a business relationship.

Also, we define V p
m,0 as the value function of productive agents were matched in a business rela-

tionship at the present period. Finally, we define V p
m,1 as the value function of productive agents in

a business relationship that began in a previous period. Notice that:

V p
u = V p

m,0 − κ

V p
m,0 = θ̃

[
π − cp + δλV p

u + δ (1− λ)V p
m,1

]
+
(

1− θ̃
)

(γ − cp + δV p
u )

V p
m,1 = π − cp + δλV p

u + δ (1− λ)V p
m,1
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Solving the system of equations above, we obtain

V p
u =

θ̃ [yp (h, h)− yp(h, l)]− κ [1− (1− λ) δ]

(1− δ)
[
1−

(
1− θ̃

)
(1− λ) δ

] +
yp (h, l)

(1− δ)
(1.4)

V p
m,0 =

θ̃ [yp (h, h)− yp(h, l)]− κδ
{

1− (1− λ)
[
θ̃ (1− δ) + δ

]}
(1− δ)

[
1−

(
1− θ̃

)
(1− λ) δ

] +
yp (h, l)

(1− δ)
(1.5)

V p
m,1 =

[
1−

(
1− θ̃

)
δ
]
yp (h, h) +

(
1− θ̃

)
δλyp (h, l)− κδλ

(1− δ)
[
1−

(
1− θ̃

)
(1− λ) δ

] (1.6)

First, note that (A6) implies yp (h, h) + yp (h, l) > 0 . Thus, V e
u > 0 for at least some κ > 0.

Second, it is straightforward to see that V p
m,1 > V p

m,0 ≥ V p
u . From the fact that V p

u = V p
m,0 − κ and

that κ ≥ 0 it follows that the value function of matched agents is greater or equal than unmatched

agents. The inequality V p
m,1 > V p

m,0 is true because business relationships that last more than one

period are definitely between two productive types. The net output yp(h, l) appears in (1.6) because

the relationships might break down exogenously with probability λ and then, when the agent tries

to form a new relationship, there’s a chance to find an unproductive type. Also, κ enters in V p
m,1

multiplied only by the term δλ reflecting the fact that, for business relationship between productive

types, new relationships will only be made if the current one breaks exogenously.

Incentive Compatibility Constraint

After a productive type decides to enter in a business relationship, she chooses whether to exert

effort or not. At the first period of the the relationship, the agent is uncertain about the type of her

partner. The agent will exert effort if and only if:

θ̃
[
π − cp + δλV p

u + δ (1− λ)V p
m,1

]
+
(

1− θ̃
)

(γ + ρf − cp + δV p
u ) > θ̃ (γ − ρf) + δV p

u

which can be written as:

(
V e
m,1 − V e

u

)
>
θ̃ [yp(l, h)− yp(h, h)] +

(
1− θ̃

)
[yp (l, l)− yp (h, l)]

θ̃δ (1− λ)

The equation above has an intuitive interpretation. Productive types exert effort if, and only

if, the difference between the value function of sustaining a business relationship and the value
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function of being unmatched is greater than the expect net gain of not exerting effort. In the first

period of a relationship, a productive type does not know the type of her partner. If her partner is

a productive type, then the net payoff of cheating is yp(l, h)− yp(h, h) = γ − ρf − (π − cp) > 0.

If her partner is unproductive, then the net payoff of cheating is the difference between zero (both

types exerting no effort) and the payoff of exerting effort when the other player exerts no effort,

that is, yp(l, h)− yp(h, h) = 0− (γ + ρf − cp) > 0.

Using (1.4), (1.6) and solving for κ:

κ > κ =
θ̃yp (l, h)

[
1− δ

(
1− θ̃

)
(1− λ)

]
− θ̃yp (h, h)−

(
1− θ̃

)
yp (h, l) [1− δ (1− λ)]

θ̃δ (1− λ)
[
1− δ

(
1− θ̃

)
(1− λ)

] > 0

(1.7)

Lemma 2. Suppose that ρ < ρ
p
. Productive agents exert high effort if, and only if, κ ≥ κ.

In an economy with an imperfect legal system, the only way productive types can cooperate is

by implementing a strategy that punishes opportunistic behavior. Punishment here is breaking the

business relationship and thus forcing the agent that did not exert effort to pay new set up costs.

Intuitively, the punishment has to be sufficiently high in order to dissuade opportunistic behavior.

If the transaction cost is too low, then punishment is not enough to discipline behavior and thus,

the productive types will not exert effort.

After the first period of a business relationship, agents know the types of their partners. A

productive agent in a relationship in which both partners exert effort in the previous period knows

that her partner is a productive type. Therefore, the incentive compatibility constraint to exert effort

at the second period is less restrictive than the constraint in the first period of the relationship. Thus,

we know that κ ≥ κ is a sufficient condition for both partners to exert effort in the second period

and the next ones.

Market Participation Constraint

Productive types enter the market if, and only if, they collect a higher payoff than staying in

autarky, that is, if and only if V p
u ≥ A/ (1− δ). Using (1.4) and (1.7) and rearranging the terms:

κ ≤ κ̄ =
θ̃ [yp (h, h)− yp (h, l)] +

[
1− δ

(
1− θ̃

)
(1− λ)

]
[yp (h, l)− A]

1− (1− λ) δ
(1.8)
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The upper bound on the set up cost of a business relationship implies that if the cost of doing

business is too high, then productive types will not want to participate in the market. The upper

bound is increasing in δ and decreasing in the probability of exogenous breakdown. Since business

relationship are more valuable for individuals that value the future more, the more patient and

individual is, the higher can be the cost of doing business. In addition, if the likelihood of an

exogenous breakdown increases, the expected duration of a business relationship decreases and

the agent will have to pay set up costs more often.

Unproductive Types

The strategy of the unproductive type is to enter the market with a probability p and never exert

effort. In order for this to be an equilibrium, it has to satisfy the market participation constraint.

We define V o
u and V o

m as the value functions of an unproductive agent that is not in a business

relationship and of an unproductive agent that is in a relationship, respectively. Notice that:

V o
u = V o

m − κ

V o
m = θ̃ (γ − ρf + δV o

u ) +
(

1− θ̃
)
δV o

u

Solving the above system of equations, we obtain:

V o
u =

θ̃ (γ − ρf)− κ
1− δ

(1.9)

V o
m =

θ̃ (γ − ρf)− δκ
1− δ

(1.10)

Market Participation Constraint

To begin, fix κ and suppose that θ̃(1)(γ − ρf) − κ ≥ A. If that is the case, then every

unproductive agent will have incentive to enter the market to form business relationships. In fact,

since θ̃ is decreasing on κ, for every κ ≤ κ∗ = θ̃(1)(γ − ρf) − A there will be no sorting. Both

productive and unproductive agents will enter the market and form relationships.

On the other hand, define κ∗∗ as the cost where unproductive agents are indifferent between

entering the market when the market is fully sorted and staying out: θ̃(0)(γ − ρf) − κ∗∗ = A.
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Then, for every κ ≥ κ∗∗ the market is fully sorted.

Now, suppose κ ∈ (κ∗, κ∗∗). In this case, entering the market with p = 1 and p = 0 are

not equilibrium. We know that θ̃ is strictly decreasing on p. Therefore, by continuity there is a

p∗ such that θ̃ (p∗) (γ − ρf) − κ = A. It is straightforward to see that to enter the market with

p = p∗ is an equilibrium since no unproductive type has an incentive to deviate. It is also clear that

θ̃ (p′) (γ − ρf)− κ > A, where p′ < p∗, is not an equilibrium since at least one agent would have

an incentive to enter the market with certainty.

The market participation constraint for the unproductive type:

θ̃(p) (γ − ρf)− κ ≥ A, with equality if p ∈ (0, 1) (1.11)

Unproductive types will enter the market with p = 1 if and only if:

κ ≤ κ∗ =
λθ (γ − ρf)

λθ + (1− θ) [1− (1− λ) (1− θ)]
− A (1.12)

On the other hand, unproductive agents will never enter the market, that is, p = 0, if and only

if:

κ ≥ κ∗∗ = (γ − ρf)− A (1.13)

Thus, for every κ ∈ [max{κ, κ∗}, (γ − ρf)− A], the market will be partially sorted. Note that

the condition is κ > max{κ, κ∗} and not just κ > κ∗ because if κ < κ, then productive agents in

the market will not exert effort. In fact, if κ is too low, productive agents will not even enter the

market because it would be impossible to cooperate in equilibrium.

When κ ∈ [max{κ, κ∗}, (γ − ρf)− A], equation (1.11) holds with equality. Solving it for p,

we obtain:

p∗ =

(
1

2 (1− λ) (1− θ)

){
1−

√
1− 4 (1− λ)λθ ((γ − ρf)− A− κ)

A+ κ

}
(1.14)

By inspecting equation (1.14), we can see that an increase in the legal system’s efficiency, ρ,

reduces the probability of unproductive types entering the market. Also, taking the derivative of

the equation with respect to κ it is straight forward to see that p∗ is decreasing on κ.
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With these results, we have the following proposition:

Proposition 2. Suppose that ρ < ρ
p
. Four equilibria exist:

1 - A full sorting equilibrium exists if and only if κ ≥ (γ − ρf) − A. Productive types enter the

market, set up business relationships and exert effort. Unproductive types stay sell their labor in

the labor market.

2 - A partial sorting equilibrium exists if and only if κ ∈ (max{κ, κ∗}, (γ− ρf)−A). Productive

types enter the market, set up business relationships and exert effort. Unproductive types enter the

market with probability p∗ ∈ (0, 1), set up relationships and exert no effort.

3 - The market is not sorted in equilibrium if and only if κ ≤ κ ≤ κ∗. Productive agents enter the

market and exert effort. Unproductive agents enter the market and exert no effort.

4 - If κ < min{κ, κ∗}, then no agent, productive or unproductive, enters the market to form

business relationships.

1.6 Red Tape

In this section we discuss the effects of increases in red tape on the value function of both types of

agents and on the society’s welfare. We assume throughout the section that society has an imperfect

legal system. First, we show how the probability of entering the market of an unproductive agents

is affected by an increase in red tape. Then, we show how this affects the value function of the

productive agents. Last, we show how red tape affects the society’s welfare.

We begin by writing the set up cost as κ = κ0 + τ , where κ0 is the cost of setting up busi-

ness related to nature of the activity itself and τ is the component of the cost associated with red

tape. By (1.14), it is straightforward to see that increasing the red tape, τ , with κ in the interval

[max{κ, κ∗}, γ − ρf − A) partially sorts the market. Indeed, by (1.3) and (1.14):

dθ̃ (p(τ))

dτ
=
∂θ̃

∂p
· ∂p
∂τ

=
1

γ − ρf
> 0 (1.15)

When κ ∈ [max{κ, κ∗}, γ − ρf − A), despite the improvement on the “quality” of the market

21



(by taking out part of unproductive types from the market), the effect of the increase is ambiguous

for productive agents. On the one hand, the chances of encountering cooperative agents increases,

but, on the other hand, the cost of setting up a business relationship also increases. Productive types

are meeting with productive types with higher probability, but the relationships are more expensive

to set up. This can be seen by differentiating (1.4) with respect to τ :

∂V p
u

∂τ
=

(1− δ) [1− (1− λ) δ] {π − 2 (γ − ρf) + (1− λ) δ [(γ − ρf)− A]}

(γ − ρf)
{

(1− δ)
[
1−

(
1− θ̃

)
(1− λ) δ

]}2

, which is positive by (A7).

The positive effect of τ on the value function of productive types unequivocally depends on the

difference π − 2(γ − ρf), that is, the difference between the gross output when both agents exert

effort, π, and the gross output when only one agent exerts effort γ. The higher the difference is,

the greater the effect of raising the transaction cost will be. The effect is strictly increasing on τ

until κ reaches the threshold γ − ρf − A. At that level, red tape fully sorts the market, leaving all

unproductive types out and, therefore, a higher τ would only raise the cost of setting up business

relationships for productive types. This can be seen by differentiating equation (1.4) with respect

to τ when κ > γ − ρf − A:
∂V p

u

∂τ
= −1− δ(1− λ)

1− δ
< 0

Note that, while (1.4) is continuous, its derivative function with respect to τ is not. There is

a kink at γ − ρf − A, since it is straightforward to see that the limit of the derivative of (1.4)

approaching τ from the left is different from when it approaches τ from the right.

Considering unproductive types, notice that for κ ∈ [max{κ, κ∗}, γ − ρf − A], agents are

indifferent between entering the market to form business relationships or selling their labor in the

labor market. Therefore, in that interval of κ, an increase in τ does not alter their payoff. Increasing

τ after the market is fully sorted also do not alter the payoff of unproductive agents, since they are

all out of the market where business relationships are formed.

Proposition 3. For κ ∈ [max{κ, κ∗}, (γ − ρf)−A], an increase in τ strictly increases the payoff

productive agents and does not changes the payoff of unproductive types. For κ > (γ − ρf)− A,
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an increase in τ strictly decreases the payoff of productive agents and does not changes the payoff

of unproductive agents.

Now, we define W as the welfare function of the society:

W = (1− θ)
{

(1− p∗)A+ p∗[θ̃(p∗)(γ − ρf)− κ]
}

+ θV p
u

Note that κ ∈ [max{κ, κ∗}, (γ − ρf) − A], equation (1.11) holds with equality. Thus, in that

interval of κ, it is straightforward to see that:

∂W

∂τ
= θ

∂V p
u

∂τ

Also, note that κ > γ− ρf −A implies that all unproductive types are selling their labor in the

labor market. Thus it is straightforward to see that W is decreasing on τ when κ > γ − ρf − A.

So, we have the following proposition:

Proposition 4. Suppose that ρ < ρ
p
. For κ ∈ [max{κ, κ∗}, (γ−ρf)−A], an increase in τ strictly

increases the welfare of the society. When κ > (γ − ρf)−A, an increase in τ strictly reduces the

welfare.

1.7 Conclusion

The cost of doing business associated with bureaucracy and red tape have been document by in-

ternational institutions such as the World Bank because they are often seen as a barrier to the

development of mostly emerging economies. The literature on the subject relates bureaucracy and

red tape costs with corruption or necessary to mitigate a market failure. In our model we show that

the cost of entering in business relationships might be an optimal response to institutional failures.

The inefficiency can associated with corruption, but not necessarily.

An interesting question is what would happen if corruption is introduced in the model. Corrupt

bureaucrats might allow, for a bribe lower than the red tape, opportunistic agents to enter the

market. This agenda is left for future research.

23



Ta
bl

e
1.

1:
E

vi
de

nc
e

of
R

eg
ul

at
io

n
an

d
M

ar
ke

tQ
ua

lit
y

ou
tc

om
es

Q
ua

lit
y

St
an

da
rt

s
(I

SO
ce

rt
ifi

ca
tio

n)
W

at
er

Po
llu

tio
n

D
ea

th
s

fr
om

ac
ci

de
nt

al
po

is
on

in
g

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

N
#

of
pr

oc
ed

ur
es

0.
04

85
∗

0.
05

26
∗

-0
.0

02
08

-0
.0

01
45

0.
22

6
0.

09
87

(0
.0

95
)

(0
.0

54
)

(0
.7

51
)

(0
.8

13
)

(0
.3

82
)

(0
.6

31
)

[1
em

]G
D

P
pe

rc
ap

ita
99

0.
07

09
∗∗
∗

0.
05

90
∗∗
∗

-0
.0

15
5∗
∗∗

-0
.0

14
6∗
∗∗

-0
.9

56
∗∗
∗

-0
.9

44
∗∗
∗

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

[1
em

]L
eg

al
sy

st
em

is
fa

ir
an

d
im

pa
rt

ia
l

0.
24

7∗
∗

-0
.0

20
2

0.
22

3
(0

.0
46

)
(0

.3
55

)
(0

.8
17

)
[1

em
]L

eg
al

sy
st

em
is

ho
ne

st
an

d
un

co
rr

up
t

0.
26

0∗
∗

-0
.0

13
1

-0
.1

90
(0

.0
28

)
(0

.5
35

)
(0

.8
20

)
[1

em
]F

ai
ra

nd
im

pa
rt

ia
lx

pr
oc

ed
ur

es
-0

.0
15

8∗
0.

00
05

66
-0

.0
18

3
(0

.0
78

)
(0

.7
73

)
(0

.8
00

)
[1

em
]H

on
es

ta
nd

un
co

rr
up

tx
pr

oc
ed

ur
es

-0
.0

17
7∗
∗

0.
00

06
08

0.
02

36
(0

.0
49

)
(0

.7
43

)
(0

.6
77

)
[1

em
]_

co
ns

-1
.2

65
∗∗
∗

-1
.1

86
∗∗
∗

0.
37

9∗
∗∗

0.
33

9∗
∗∗

8.
39

3∗
∗

9.
61

3∗
∗∗

(0
.0

08
)

(0
.0

05
)

(0
.0

00
)

(0
.0

00
)

(0
.0

30
)

(0
.0

03
)

N
54

54
51

51
41

41
F

6.
82

9
6.

58
2

10
.7

7
7.

48
3

35
.3

7
34

.5
9

p-
va

lu
es

in
pa

re
nt

he
se

s
∗
p
<

0
.1
0

,∗
∗
p
<

0
.0
5

,∗
∗∗
p
<

0.
01

24



Bibliography

ACEMOGLU, DARON. Oligarchic versus democratic societies. Journal of the European Eco-

nomic Association, 6.1, p. 1-44, 2008.

ARRUÑADA, BENITO. Pitfalls to avoid when measuring institutions: Is Doing Business damag-

ing business?. Journal of Comparative Economics, 35.4, p. 729-747, 2007.

BAH, EL-HADJ; LEI FANG. Impact of the business environment on output and productivity in

Africa. Journal of Development Economics, 114, p. 159-171, 2015.

BANERJEE, ABHIJIT V. A theory of misgovernance. The Quarterly Journal of Economics, p.

1289-1332, 1997.

BANERJEE, ABHIJIT; SENDHIL MULLAINATHAN; REMA HANNA. Corruption. Working

Paper, NBER, 2012.

DAVIES, RONALD B. The silver lining of red tape. Journal of Public Economics, 101, p. 68-76,

2013.

DIXIT, AVINASH K. Lawlessness and economics: alternative modes of governance. Princeton

University Press, 2007.

DJANKOV, SIMEON. The regulation of entry: A survey. The World Bank Research Observer,

2009.

DJANKOV, SIMEON; LA PORTA, RAFAEL; FLORENCIO LOPEZ-DE-SILANES; SHLEIFER

ANDREI. The Regulation of Entry. The Quarterly Journal of Economics, 117.1, p. 1-37, 2002.

DJANKOV, SIMEON; LA PORTA, RAFAEL; FLORENCIO LOPEZ-DE-SILANES; SHLEIFER

ANDREI. Courts. The Quarterly Journal of Economics, 118.2, p. 453-517, 2003.

GURIEV, SERGEI. Red tape and corruption. Journal of Development Economics, 73.2, p. 489-

25



504, 2004.

KUNICK, ALJAZ. Institutional quality dataset. Journal of institutional economics, 10.01, p.

135-161, 2014.

MOSCOSO BOEDO, HERNAN J., AND TOSHIHIKO MUKOYAMA. Evaluating the effects

of entry regulations and firing costs on international income differences. Journal of Economic

Growth, 17.2, p. 143-170, 2012.

PIGOU, ARTHUR C. The Economics of Welfare. 4th ed. London: Macmillan and Co, 1938.

SHLEIFER, ANDREI. Understanding regulation. European Financial Management, 11.4, p.

439-451, 2005.

SHLEIFER, ANDREI. Efficient regulation. Working Paper, NBER, 2010.

SHLEIFER, ANDREI , AND ROBERT W. VISHNY. Corruption. Quarterly Journal of Eco-

nomics, 108, p. 599-617, 1993.

SCHWARTZSTEIN, JOSHUA, AND ANDREI SHLEIFER. An Activity-Generating Theory of

Regulation. Journal of Law and Economics, 56, p. 1-1091, 2013.

STIGLER, GEORGE J. The theory of economic regulation. The Bell journal of economics and

management science, p. 3-21, 1971.

TULLOCK, GORDON. The welfare costs of tariffs, monopolies, and theft. Economic Inquiry,

5.3, p. 224-232, 1967.

Appendix

Steady State mass of unmatched productive types:

Define M t
m,e as the mass of matched productive agents at the beginning of period t and M t

u,e the

mass of unmatched productive agents. The dynamic of the masses of productive and unproductive
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types is given by the following equations:

M t
m,p = (1− λ)

[(
M t−1

m,p

)
+
(
M t−1

u,p

)2]
M t

u,p = λ
(
M t−1

m,p

)
+ p (1− θ)M t−1

u,p + λ
(
M t−1

u,p

)2
θ = M t

u,p +M t
m,p

In steady-stated M t = M (1−t). Solving the system of equations above in the steady-state

yields:

Mm,p =
(1− λ) [1− p (1− θ)] θ
λ+ (1− λ) [1− p (1− θ)]

(1.16)

Mu,p =
λθ

λ+ (1− λ) [1− p (1− θ)]
(1.17)

Therefore, in steady-state, the share of unmatched agents that are productive is given by:

θ̃ =
Mu,p

Mu,p + p (1− θ)
=

λθ

λθ + p(1− θ) [1− p (1− λ) (1− θ)]
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Chapter 2

Credit Constraints and Voting on Human
Capital Policies

Abstract

We develop a model of voting behavior to show how credit constraints can affect a soci-
ety’s demand for government spending on human capital policies, that is, public policies that
increase the returns to human capital accumulation. We show that credit constraints can lead
poorer societies to prefer less government spending on human capital policies than richer soci-
eties, and that a reduction in credit market frictions can increase government spending on such
policies, with the increase greater in poorer societies.

Key Words: Credit Constraints, Human Capital, Majority Voting.
JEL Codes: D72, H40, I00, J24.
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2.1 Introduction

It is well-known that credit market imperfections affect human capital investment decisions.1 Low

income parents facing such constraints cannot absorb negative shocks on their income using debt

and so they might be forced to smooth consumption by reducing their children’s school attendance

and requiring them to work. If families facing credit constraints tend to have children with low

school attendance, a natural conjecture is that such constraints can affect the political preferences

of families as well: government spending on human capital policies, namely, policies that increase

the returns of human capital investments, become less desirable for such families.

In this paper, we develop a model of voting behavior to understand how credit constraints

affect preferences for government spending on human capital policies. We obtain two results.

First, that credit market frictions can lead poorer societies to prefer less government spending on

human capital policies than richer societies. Second, that a reduction in credit market frictions can

increase a society’s demand for government spending on human capital policies, with this increase

greater in poorer societies.

The environment we consider is as follows. There is a continuum of mass one of agents who

live for two periods and differ only in terms of their income. In the first period, each agent has

an offspring and then decides how much to borrow or save, how much to invest in her offspring’s

human capital and how much to bequest to her offspring. The offspring’s income depends on her

parent’s investment in human capital and on the bequest. The agents are altruistic and care about

their offspring’s utility. The government has a budget that it can either spend on human capital

policies or on direct cash transfers. The returns to human capital accumulation increase with the

per capita spending on human capital policies. The government policy is chosen by majority

voting.

We allow for bequests to be negative, that is, the offspring can transfer income to their parents.

Therefore, in this environment, the only thing that might prevent parents from optimally investing

in their children’s human capital are credit market constraints.

1See Lochner and Monge-Naranjo (2012) and the references therein for evidence of the impact of credit constraints
on the accumulation of human capital in children and young adults. We discuss the evidence in more detail in the
related literature.
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We first analyze the benchmark case in which credit markets are perfect. We show that policy

preferences are independent of income in this case, so that the per capita government spending

on human capital policies does not depend on the distribution of income in society. In order

to understand this result, notice that a higher per capita government spending on human capital

policies increases an agent’s gain from investing in her offspring’s human capital, but decreases her

disposable income. When agents can smooth consumption perfectly across periods and between

them and their offspring, they all favor the same per capita government spending on human capital

policies, namely, the spending that maximizes their net gain from investing in human capital.

We then analyze the main case in which credit markets are not perfect. We capture credit con-

straints by assuming that only a fraction of the agents’ income in period two can be collateralized.2

We first show that the median voter theorem holds in our setting, that is, that the policy chosen by

the government is the policy most preferred by the agent with median income. We then use the

median voter theorem to establish the following two comparative statics results: (i) that the per

capita government spending on human capital policies increases with the median income in soci-

ety; and (ii) that a reduction in credit market frictions increases the per capita government spending

on human capital policies, with the increase greater in poorer societies.

The result that per capita government expenditures on human capital policies increase with

median income is intuitive. Indeed, in the presence of credit constraints, the ability of agents to

smooth consumption, and thus benefit from human capital policies, is increasing in their income.

The result that a reduction in credit market frictions increases the per capita government spend-

ing on human capital policies, and that this increase is greater in poorer societies, is also intuitive.

Indeed, a higher borrowing limit allows better consumption smoothing. However, for a given bor-

rowing limit, an agent is not credit constrained if he is wealthy enough, in which case relaxing

borrowing constraints does not increase the agent’s utility from investing in her offspring’s human

capital. Thus, a reduction in credit market imperfections has no impact on government spending

on human capital policies if the median voter is wealthy enough. More generally, by continuity,

reducing credit market frictions has a greater impact on government spending on human capital

2We model credit constraints as in Lochner and Monge-Naranjo (2011). Andolfatto and Gervais (2008), Chatterjee
et al.(2007), and Livshits et al. (2007) model credit constraints in a similar way.
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policies in a society in which the median voter is poor than in a society in which the median voter

is rich.

The rest of the paper is organized as follows. In the remainder of this section, we discuss the

related literature. In Section 2, we present some evidence that credit constraints are negatively

correlated with the proportion of government spending on human capital policies. In Section 3, we

introduce our baseline environment. We analyze the benchmark case in which credit markets are

perfect in Section 4 and analyze the main case in which credit markets are not perfect in Section 5.

We conclude in Section 6. The Appendix contains omitted proofs and details.

Related Literature The relationship between credit constraints and human capital investments is

well documented. Edmonds (2006) compares children living with elders eligible to receive their

pensions and those living with elders that are nearly eligible in South Africa to see if there’s a

difference in school attendance and child labor. In the absence of credit constraints, the timing of

anticipated changes in income should not impact the child’s school attendance and labor. However,

the author finds that children living with elders eligible to receive the pensions work less and

attend school at higher rates than children living with elders that are nearly eligible. Duryea, Lam

and Levinson (2007) use a rotating panel in Brazil to compare households where the household

head becomes unemployed with households in which the household head is employed throughout

the entire period. Authors find that children in households where the head of the household is

unemployed is more likely to dropout of school. The authors argue that this is evidence that credit

constraint prevents households from absorbing negative shocks.

Soares, Kruger and Berthelon (2012) develop a simple model where families facing credit

constraints must choose how to allocate their offspring’s time between labor and education. The

authors apply their model using the impact of agricultural shocks on a Brazilian region associated

with coffee cultivation to estimate the effect of households incomes on the opportunity cost of

children’s time. Negative shocks on the wealth of families were associated with a reduction of

human capital investment and increase child labor. According to the model, parents used the

children’s time to smooth the overall household consumption.

Lafortune and Lee (2014) develop a model in which credit constraints of parents imply that
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having a greater number of siblings might increase the schooling of one of their child. The reason

is that parents might use the labor income of older children to finance the schooling of younger

children. They test their model using data from United States, Mexico and South Korea and find

that the model predictions are confirmed in Mexico and South Korea, both countries of relatively

low income.

There are a number of papers that study the political economy of public education provision.

Glomm and Ravikumar (1992) and Saint-Paul and Verdier (1993) study endogenous growth mod-

els where education is the determinant of growth and expenditures on public education, which act

as redistributive policy, are determined by majority voting. Gradstein and Kaganovich (2004) and

Levy (2005) study models where demography affects the provision of public education, which acts

as a transfer from the old to the young. Estevan (2013) studies the impact that conditional cash

transfers have on the government spending on education. Credit constraints do not play a role in

the analysis of these papers.

Credit constraints play a role in Fernandez and Rogerson (1995, 1996) and Soares (2003).

Fernandez and Rogerson (1995) study a model of public provision of higher education in which

credit constraints imply that government expenditures on higher education can act as a transfer

from low-income individuals to high-income individuals. Fernandez and Rogerson (1996) study a

multicommunity model in which individuals differ in their income, education is publicy provided

at the community level, and individuals are free to move across communities. Credit constraints

imply that the policy preferences of individuals depend on their income and on the income of their

communities. Soares (2003) shows that in the presence of credit constraints, a society consisting

of non-altruistic individuals can vote for positive spending on public education if public education

increases the return on capital. Our paper differs from these other papers in that it studies how

(changes in) credit constraints affect preferences for the composition of government expenditures.

Another related paper is Bursztyn (2015), which provides evidence that lower-income voters

tend to prefer the government to spend resources on direct cash transfers instead of spending re-

sources on public education. The author conjectures that credit constraint explain this fact. Our

results provide theoretical support to the results.
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Finally, a number of papers document a causal relationship between credit market imperfec-

tions and lower economic growth (see, e.g., Levine et al. (2000), Calderón and Liu (2003), and

Christopoulos and Tsionas (2004)). The literature on economic growth emphasizes that credit

constraints reduce economic growth by preventing individuals from accumulating human capital,

which is an input to production (see, e.g., Galor and Zeira (1993) and Benabou (2002)). Our results

suggest an additional channel through which credit constraints can lower economic growth: credit

constraints reduce preferences for government spending on public policies that increase the returns

to human capital accumulation.

2.2 Empirical Motivation

In order to motivate our analysis, in their section we provide some evidence that the results from our

model are empirically relevant. According to our model, we should expect a correlation between

credit constraints and the composition of government expenditure in human capital. To check

whether such a correlation exists, we estimate a simple fixed effect model3. The model is:

Yit = β0 + β1Cit + βX it + ξi + uit, (2.1)

where Yit is a measure of country i’s share of government spending on human capital policies at

time t, Cit is a proxy for country i’s credit constraints at time t, and X it is a vector of control

variables for country i at time t. The error term is the sum of two components, country i’s time

invariant unobservable error term ξi and country i’s time varying idiosyncratic error term uit.

Our data consists of an unbalanced panel of 104 countries between 2004 and 2008. We use the

database “Quality of Government” of Teorell et al (2015) compiles over 2400 variables from about

100 different data sources related to issues such as governance and institutional quality. Our de-

pendent variable is the countries’ share of government expenses dedicated to public education and

health reported by the World Bank. We use both education and health expenditure because human

3It is important to notice that in this section it was not our objective to establish an empirical causal relationship
between credit constraint and the share of government expenditure on human capital. We are aware that the assump-
tions required in our empirical model to establish causality are too strong. The goal of this exercise was only to give
an empirical plausibility to our story.
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capital policies are not limited to expenditures on public education. For example, expenditures

on public health have an impact on the returns to human capital accumulation by increasing life

expectancy and decreasing morbidity.4 Some forms of public infrastructure spending can also be

regarded as human capital policies. For instance, access to potable water and sanitation has an (in-

direct) impact on the returns to the accumulation of human capital by increasing health outcomes.5

Also, better transportation infrastructure can help increase access to schools and health care.6

Our proxy for credit constraints is an index measuring the strength of legal rights calculated

by the World Bank on their “Doing Business” project. It ranges from 0 to 10, with 10 being the

highest score, and it measures how good is the protection that collateral and bankruptcy laws give

to lenders. This measure suits well with our framework, since we model credit constraints as the

fraction of an agent’s income that can be pledged as collateral.7

Our control variables are: (i) Age dependency ratio; (ii) government expenses as a percentage

of GDP; (iii) grants and other revenues as percentage of government total revenue; vi) GDP per

capita, (PPP, constant 2011 international U$ dollars); v) an indicator democracy; vi) a measure of

institutional quality.

The composition of government expenditures might be correlated with institutional quality

since good institutions relate to good governance. If institutions do not functioning well, then

voters might see public spending on human capital policies as either ineffective or susceptible to

corruption, and thus would prefer policies such as cash transfers, that are less susceptible to bad

governance. We use two measures of institutional quality in our empirical exercise: The first is

“Government Effectiveness”. This indicator is one of the six components of the Worldwide Gov-

ernance Indicators (WGI) project created by the World Bank.8; The second is a group of proxies.

They are three measures of institutional quality from the Institutional Quality Dataset developed

4Jayachandran and Lleras-Muney (2009) and Oster et al. (2012) provide evidence that increases in life expectancy
have a positive impact on human capital investments. There is also evidence that improvements in child health care
increase school attendance, see, e.g., Bleakley (2007), Bobonis et al. (2006), and Miguel and Kremer (2004).

5See Behrman and Wolfe (1987), Lavy et al. (1996), and Lee et al. (1997) for some evidence.
6See Gertler and Glewwe (1990) and Lavy (1996) for evidence on the impact of transportation infrastructure on

school attendance.
7We obtain similar results when we use domestic credit provided by the banking sector as a percentage of GDP as

a proxy for credit constraints.
8The detailed methodology used in the construction of these indicators can be found at Kauffman et al (2011).
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by Kuncic (2013). It gathers more than 30 institutional quality indicators and compiles them into

three groups: legal, political and economic institutions.

The democracy variable is a dummy that assumes the value of one if the country is democratic

and zero otherwise. This variable was created by Cheibub et al. (2010). Democracies are countries

where there exist direct or indirect elections for the executive and the legislative, multiple parties

are allowed and the they exist de facto outside the regime.

The first four control variables are from the World Bank database. We control for the age de-

pendency ratio9 since a higher population of children or elderly individuals in the population is

likely to lead to a bigger public education and health care systems. Government expenses as a

proportion to the GDP are a measure of government size. We control for government size since

preferences for this might be correlated with preferences for the composition of government ex-

penditures. Grants and other revenues as a proportion of total government revenue might affect

government spending on human capital policies since these particular revenue might be targeted

to specific policies. Therefore, countries that receive them, through foreign aid for example, might

dedicate a higher share of their budget to human capital policies. Finally, GDP per capita is used

as a control because or model predicts that median voter’s income is positively correlated with

government spending on human capital. We use GDP per capita as proxy of median income.

The channel through which credit constraints affects the share of government budget allocated

to human capital is a political one. Voters facing greater credit constraints will choose fewer

relative government expenditure on human capital. Therefore, an empirical relationship between

the two variables should exist in countries that are democracies. For this reason, we restrict our

sample to include only democracies using the democracy indicator previously presented. Table

2.1 show the regressions. Both regressions (1) and (2) show a positive association between credit

constraints and the share of government spending allocated to human capital. The more secure the

creditor rights are, as measured by our proxy, the greater is the share of government expenditures

on human capital policies.

9The age dependency ratio gives the population aged 15 or less and 64 or more as a proportion of the remaining
population.
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Table 2.1: Determinants of the share of Human Capital spending (% of government spending)
(1) (2)

Legal Rights 0.558∗∗∗ 0.419∗∗

(0.001) (0.027)
Government Effectivness 0.0243

(0.982)
Economic institutional quality 0.664

(0.596)
Legal institutional quality 1.003

(0.551)
Political institutional quality 0.0901

(0.915)
Age dependency ratio -0.145 -0.260

(0.390) (0.143)
Expense (% of GDP) -0.464∗∗∗ -0.265∗∗

(0.000) (0.017)
Grants and other revenue 0.0635∗ 0.0505

(0.074) (0.477)
GDP per capita -0.000194 -0.000237

(0.279) (0.225)
Constant 47.57∗∗∗ 49.97∗∗∗

(0.000) (0.000)
N 245 199
F 6.442 4.262
p 0.00000153 0.000155
p-values in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

2.3 Environment

Society is populated by a continuum of mass one of agents who for live two periods and differ only

in terms of their (per-period) incomew. Income is distributed according to a continuous cumulative

density function F with support [w,w], where 0 < w < w. Each agent has an offspring in the first

period. The agents’ utility function over consumption streams is u(c1) + β[u(c2) + ρu(co)], where

ct is consumption in period t, co is the offspring’s consumption, u : R+ → R is the per-period

utility function, β ∈ (0, 1) is the discount factor, and ρ ∈ [0, 1] is the weight the agents assign to

their offspring’s utility. The utility function is twice continuously differentiable, strictly increasing,

and strictly concave, with limc↓0 u
′(c) =∞ and limc→∞ u

′(c) = 0.
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The timing of events is as follows. In period one, the agents receive a direct (per capita)

transfer τ from the government, choose how much to consume and invest in the human capital of

their offspring, h, and how much to borrow (or save), d. The investment in human capital is in

units of consumption and the gross interest rate is R > 1 such that βR > 1, which means that

agents discount the future at a lower rate than the interest rate. In period two, agents choose how

much to consume, how much to bequest to their offspring, b. They also repay their debt.

Monotonicity of preferences implies that: c1 = w+ τ + d− h and c2 = w−Rd− b. Bequests

can be negative, that is, reverse altruism is possible. Therefore, only credit constraints can prevent

agents from making the socially optimal investment in the human capital of their offspring. The

offspring’s consumption is co = b+ω(h, ε), where ε is the government’s (per capita) expenditures

on human capital policies.

The function ω is twice continuously differentiable, with: (i) ω(0, ε) = ω(h, 0) = ω > 0 for all

(h, ε) ∈ R2
+; (ii) ∂ω(h, ε)/∂h > 0, ∂ω(h, ε)/∂ε > 0, ∂2ω(h, ε)/∂h2 < 0, and ∂2ω(h, ε)/∂ε2 < 0

for all (h, ε) ∈ R2
++; (iii) limh↓0 ∂ω(h, ε)/∂h = ∞ and limh→∞ ∂ω(h, ε)/∂h = 0 for all ε > 0;

and (iv) limε↓0 ∂ω(h, ε)/∂ε = ∞ and limε→∞ ∂ω(h, ε)/∂ε = 0 for all h > 0. Hence, ω(h, ε) is

strictly increasing and strictly concave in h for all ε > 0 and strictly increasing and strictly concave

in ε for all h > 0. Note that an offspring’s income in period two is always positive no matter his

investment in human capital and the government’s expenditure on human capital policies.

We also assume that:

(A1)
∂2ω(h, ε)

∂h∂ε
> 0 for all (h, ε) ∈ R2

++.

Assumption (A1) implies that there is a complementarity between investments in human capi-

tal and expenditures on human capital policies. Moreover, we make the following two technical

assumptions:

(A2)
∂2ω(h, ε)

∂h2
∂2ω(h, ε)

∂ε2
<

(
∂2ω(h, ε)

∂h∂ε

)2

for all (h, ε) ∈ R2
++;

(A3) limε↓0
∂ω(ε, ε)

∂h
> R and limε↓0

∂ω(ε, ε)

∂ε
> R.

We show in the next section that (A2) and (A3) imply, respectively, that in the absence of credit
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constraints, the choice of ε that maximizes society’s welfare and is unique and positive.

The policy pair (ε, τ) is determined through majority voting and the government’s (per capita)

budget constraint is ε+ τ = B, with B > 0.10 Our equilibrium notion is standard.

Definition. An equilibrium is a policy ε∗ ∈ [0, B] with the property that the policy pair (ε∗, B−ε∗)

is preferred to any other policy pair (ε, B − ε) by a majority of the population.

2.4 Voting under perfect credit markets

In order to understand how the presence of credit constraints affects preferences for government

spending on human capital policies, we begin our analysis with the benchmark case in which there

are no borrowing constraints. We show that when credit markets are perfect, policy preferences are

independent of wealth and the unique equilibrium is the policy in which the government maximizes

the agents’ net benefit of accumulating human capital.

Since credit markets are perfect and reverse altruism is possible, we can sum the budget con-

straints and write the agents’ problem (C) as

max u(c1) + βu(c2) + βρu(co)

s.t c1 +
c2 + co
R

= w

(
1 +

1

R

)
+ τ +

ω(h, ε)

R
− h

c1, c2, co, h ≥ 0

when the policy pair is (ε, τ). We solve (C) by first finding the investment in human capital

h∗ that maximizes the present value of the net lifetime income of the agents and their offspring

`(h, ε) = −h+ω(h, ε)/R and then determining the optimal choices of consumption in periods one

and two when h = h∗. Let c∗1, c
∗
2 and c∗o be these choices of consumption. Since limc↓0 u

′(c) =∞,

c∗1, c
∗
2 and c∗o are interior and satisfy the Euler equations:

u′(c∗1) = βRu′(c∗2);

u′(c∗2) = ρu′(c∗o).

Notice that βR ≥ 1 implies that u′(c∗2) ≤ u′(c∗1), and so c∗2 ≥ c∗1.

10Monotonicity of preferences implies that a pair (τ, ε) with τ + ε < B is never chosen by majority voting.
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For each ε ≥ 0, let hU(ε) denote the solution to maxh≥0 `(h, ε). Notice that hU(0) = 0 since

ω(h, 0) is constant in h. Let then ε > 0. Given that limh↓0 ∂ω(0, ε)/∂h =∞, it follows that hU(ε)

is the unique and positive solution to

∂ω(h, ε)

∂h
= R. (2.2)

Thus, regardless of ε, the optimal investment in human capital is independent of wealth. The

first-order condition (2.2) has a straightforward interpretation: hU(ε) equates the marginal return

of human capital accumulation with the marginal cost of borrowing when ε is positive. The com-

plementarity between investments in human capital and government spending on human capital

policies implies that hU(ε) is strictly increasing in ε.

Next, define bU(w, d, ε) to be he unique choice of b such that

u′(w −Rd− b) = ρu′(ω(hU(ε), ε) + b). (2.3)

By construction, given a policy pair (ε, τ). bU(w, ε, τ) is the amount an agent with income w

and that invests hU in the offspring’s human capital leave as bequest in conformity with the Euler

equations. It is straightforward to see that bU is strictly decreasing on both d and ε and increasing on

w. Intuitively, the higher the debt, d, an agent has, the less he will be available to leave as bequest.

Also, since hU(ε) is strictly increasing in ε, an increase in the government’s expenditure on human

capital policies implies that agents borrow more money to invest in the offspring’s human capital,

thus leaving less money available to leave as bequest. Finally, high income individuals are able to

give more resources as bequest.

Now define dU = dU(w, ε, τ) to be the unique value of d such that

u′(w + τ + d− hU(ε)) = βRu′(w −Rd− bU(w, d, ε)). (2.4)

Similarly as the bequest, dU is the amount an agent with wealth w needs to borrow (or save)

between periods one and two in order to satisfy the Euler Equations. We show in the Appendix

A that dU is strictly decreasing on both w and τ and increasing in ε. Intuitively, the greater an

agent’s wealth or the government’s transfer in period one, the less the agent needs to borrow (save)
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in order to optimally smooth his consumption. Likewise, given that hU(ε) is strictly increasing in

ε, an increase in the government’s expenditure on human capital policies implies that all agents

need to borrow more in order to optimally smooth their consumption, since investments in their

offspring’s human capital became more attractive.

In order to determine the equilibria in the absence of credit constraints, for each w ∈ [w,w]

and G ∈ [0, B], let

V U(G,w)

= max{u(c1) + βu(c2) + βρu(co)|c1, c2, co ≥ 0 and c1 + (c2 + co)/R = w(1 + 1/R) +G}

be the lifetime payoff to an agent with wealth w when there are no borrowing constraints and the

net (lifetime) wealth transfer by the government to the agent is G. Note that G depends on both

the policy pair (ε, τ) and the agent’s investment in human capital h. Moreover, in a slight abuse of

notation, let G : [0, B]→ R be such that

G(ε) = B − ε+
ω(hU(ε), ε)

R
− hU(ε).

The assumptions about ω ensure that G(ε) has a unique an interior maximizer εmax: (A2)

implies that G(ε) is strictly concave and (A3) implies that G′(0) > 0; see Lemma 10 in the

Appendix A for details.

It is straightforward to see that V U(G,w) is strictly increasing in G. Thus, regardless of his

wealth, an agent prefers the policy pair (ε1, B − ε1) to the policy pair (ε2, B − ε2) if, and only if,

G(ε1) > G(ε2). Therefore, policy preferences are independent of wealth and (εmax, B − εmax) is

the policy pair that maximizes society’s welfare. Proposition 5 follows immediately.

Proposition 5. ε∗ = εmax is the unique equilibrium in the absence of credit constraints.

The intuition for Proposition 5 is as follows. If access to credit markets is perfect, then no

matter the government’s expenditure on human capital policies, all agents in society can invest

in their offspring’s human capital such that it maximizes the present value of their net lifetime

income and borrow enough in the first period to optimally smooth their consumption. So, all agents

in society favor the same policy, namely, the policy that maximizes the net benefit of optimally
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investing in human capital.

2.5 Voting under imperfect credit markets

We now consider the main case in which agents are constrained in how much they can borrow

in the first period. We capture credit constraints by assuming that only a fraction κ̃ ∈ [0, 1) of an

agent’s income in period two can be collateralized. Hence, an agent who in the first period borrows

d and invests h in human capital repays his debt in the second period if, and only if, Rd ≤ κ̃w.11

Thus, credit to agents is restricted to a fraction κ = R−1κ̃ ∈ [0, R−1) of period two income:

d ≤ κw (2.5)

The remainder of this section is organized as follows. First, we study the agents’ consumption-

saving-investment problem with credit constraints. Then, we show that the equilibria consist of the

preferred policies for the agent with median wealth. Finally, we establish the comparative statics

results on how changes in the median wealth and the borrowing limit κ affect equilibria.

The Agent’s Problem

When the policy pair is (ε, τ) and the borrowing limit is κ, the consumption-saving-investment

problem (P) for an agent with wealth w is

maxh,d,b U(h, d, b, ε, τ, w)

s.t w + τ + d− h ≥ 0

w −Rd− b ≥ 0

ω(h, ε) + b ≥ 0

d ≤ κw, h ≥ 0

(P).

where U(h, d, b, ε, τ, w) = u(w+τ+d−h)+βu(w−Rd−b)+βρu(ω(h, ε)+b). A straightforward

arguments show that U is strictly concave in (h, d, b) and that the constraint set (P) is convex.

Therefore, (P) has a unique solution (h∗, d∗, b∗). Let c∗1 = w + τ + d∗ − h∗, c∗2 = w − Rd∗ − b∗,

and c∗o = ω (h∗, ε) + b∗. Inada conditions on u imply c1, c2, co > 0. The necessary and sufficient

11We implicitly assume that an agent commits to his investment in the offspring’s human capital before making a
borrowing decision. Relaxing this assumption would complicate the analysis without bringing any insights.
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Kuhn-Tucker conditions for (P) are:

− u′(c∗1) + βρu′(c∗o)
∂ω

∂h
(h∗, ε) + λ = 0 (h);

u′(c∗1)− βRu′(c∗2)− µ = 0 (d);

u′(c∗2) = ρu′(c∗o) (b);

µ[κw − d] = 0, µ ≥ 0;

λh = 0, λ ≥ 0.

Inada conditions on ω imply that optimal human capital investment is interior, h∗ > 0, and

λ = 0 if government expenditure on education is positive, ε > 0. On the other hand, if ε = 0, then

h∗ = 0. That is, human capital investments are useless if government does not spends money on

education.

When ε > 0 we have
∂ω

∂h
(h∗, ε) =

u′(c∗1)

βu′(c∗2)
.

Therefore it is easy to verify that, if ε > 0, µ > 0 implies that ∂ω(h∗, ε)/∂ε > R, that is,

h∗ < hU(ε). This means that, for positive government expenditure on human capital, when the

credit constraint binds, agents are prevented from investing the optimal amount on their offspring’s

human capital - the marginal return of human capital accumulation is greater than the marginal cost

of borrowing. Relaxing the credit constraint would imply higher investments in the offspring’s

human capital.

Now note that if the policy pair is (ε, τ), then an agent with wealth w who invests hU(ε) in

human capital in the first period can optimally smooth his consumption if, and only if,

dU(w, ε, τ) ≤ κw. (2.6)

So, condition (2.6) is necessary for the solution to (P) to coincide with its solution in the absence of

credit constraints. Lemma 3 below, see Appendix A for a proof, shows that (2.6) is also sufficient

for the solution to (P) to coincide with its solution without credit constraints, and that the credit

constraint binds at the solution to (P) when (2.6) does not hold.

42



Lemma 3. Fix the policy pair (ε, τ). Then (hU(ε), dU(w, ε, τ), bU(w, dU(w, ε, τ), ε)) is a solution

to the problem of an agent with wealth w if, and only if, dU(w, ε, τ) ≤ κw. Moreover, µ > 0, i.e.,

the credit constraint binds, if dU(w, ε, τ) > κw.

Let Vκ(ε, τ, w) = U(h∗, d∗, b∗, ε, τ, w) be the lifetime payoff to an agent with income w when

the policy pair is (ε, τ) and the borrowing limit is κ. Moreover, let V ∗κ (ε, w) = Vκ(ε, B−ε, w). The

function V ∗κ (ε, w) describes the policy preferences of an agent with income w when the borrowing

limit is κ. A straightforward application of the Theorem of the Maximum shows that V ∗κ (ε, w) is

jointly continuous in (ε, w). The next result is an immediate consequence of Lemma 3 and the

definition of V ∗κ (ε, w).

Corollary 1. Vκ(ε, w) ≤ V U(G(ε), w) and V ∗κ (ε, w) = V U(G(ε), w) iff dU(w, ε,B − ε) ≤ κw.

Fix the borrowing limit. By Lemma 3, an agent with income w is not credit constrained when

the policy pair is (ε, τ) if dU(w, ε, τ) ≤ κw. Moreover, since dU(w, ε, τ) is strictly decreasing in

w, if an agent with income w is not credit constrained for a given choice of policy pair, then any

agent with higher income is also not credit constrained for the same choice of policy pair. The

following result is then an immediate consequence of Corollary 1.

Lemma 4. εmax is the unique equilibrium if dU(w, εmax, B − εmax) ≤ κw.

In light of Lemma 4, we assume that an agent with income w is credit constrained when the

policy pair is (εmax, B − εmax):

(A4) dU(w, εmax, B − εmax) > κw.

Otherwise, credit constraints do not matter for the choice of government policy.

We also assume that no agent is credit constrained when the government spends its entire

budget on transfers, and that the agent with the highest income in society is not credit constrained

when the government expenditure on human capital policies is εmax:

(A5) dU(w, 0, B) < κw;

(A6) dU(w, εmax, B − εmax) < κw.

43



The first assumption, which is satisfied if w is big enough, implies that no agent is credit

constrained when ε = 0 (and so τ = B). This assumption simplifies the analysis by implying that

ε = 0 is never an equilibrium. Intuitively, the first assumption implies that in a neighborhood of

ε = 0, the indirect utility function of the agents is V U(G(ε), w). Since G(ε) is strictly increasing

in ε when ε is in a neighborhood of zero, ε = 0 cannot be an equilibrium. The second assumption,

which is clearly satisfied if w is large enough, implies that the agent with the highest income in the

population is not credit constrained when ε = εmax.

To finish the analysis of the agent’s investment-consumption problem, note for each policy pair

(ε, τ), the Kuhn-Tucker conditions define h∗, b∗, and d∗ implicitly as a function of w and κ. We

know that h∗ ≡ 0 when ε = 0. Suppose then that ε > 0. We know that h∗ = hU(ε) if the credit

constraint does not bind, i.e., µ = 0. We now show that h∗ is strictly increasing in w and κ as long

as the credit constraint binds; see Appendix A for a proof.

Lemma 5. h∗ is nondecreasing in w and κ and is strictly increasing in w and κ as long as the

credit constraint binds.

Lemma 5 is important for our median voter theorem and comparative statics results. The intu-

ition for Lemma 5 is as follows. When the credit constraint does not bind, the optimal investment

in human capital only depends on ε. Since the marginal return of human capital accumulation is

greater than the marginal cost of borrowing when the credit constraint binds, an increase in the

borrowing limit allows for a greater investment in human capital. Likewise, when the credit con-

straint binds, an increase in wealth reduces the need to borrow in the first period, which also allows

for a greater investment in human capital.

Median Voter Theorem

We now establish that the median voter theorem holds in our setting. First, we show in Lemma 11

in Appendix A that ε = 0 is not an equilibrium regardless of the borrowing limit. Intuitively, (A5)

implies that for all κ ∈ [0, R−1), the credit constraint does not bind for the agents when ε is small

enough. Hence, for ε in a neighborhood of zero, policy preferences are as when credit markets are

perfect, in which case all agents prefer positive spending on human capital policies.
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Now, for each ε > 0, τ ≥ 0, and κ ∈ [0, R−1), let

σκ(ε, τ, w) =
∂Vκ(ε, τ, w)/∂ε

∂Vκ(ε, τ, w)/∂τ

be the marginal rate of substitution between ε and τ as a function of the wealth w when the bor-

rowing limit is κ.12

Milgrom and Segal’s (2002) envelope theorem implies that:

∂Vκ
∂ε

= βρu′(c∗o)
∂ω

∂ε
(h∗, ε) = βu′(c∗2)

∂ω

∂ε
(h∗, ε);

∂Vκ
∂τ

= u′(c∗1).

Using the fact that u′(c∗1)/βu
′(c∗2) = ∂ω(h∗, ε)/∂h, we then have that

σκ(ε, τ, w) =
∂Vκ/∂ε

∂Vκ/∂τ
=
∂ω(h∗, ε)/∂ε

∂ω(h∗, ε)/∂h
.

Consequently, σκ(ε, τ, w) is strictly increasing in h∗. The next result follows immediately from

Lemma 3.

Lemma 6. (i) σκ(ε, τ, w) is nondecreasing in w and strictly increasing in w as long as the bor-

rowing constraint binds; and (ii) σκ(ε, τ, w) is nondecreasing in κ and strictly increasing in κ as

long as the borrowing constraint binds.

Lemma 6, together with Theorem 3 in Milgrom and Shannon (1994), implies that for each

κ ∈ [0, R−1), the indirect utility function V ∗κ (ε, w) satisfies the single-crossing property in (ε, w)

for all ε ∈ [0, B] and w ∈ [w,w].13 Let Eκ(w) = argmaxε∈[0,B]V
∗
κ (ε, w) and wmed be the median

wealth. Since V ∗κ (ε, w) is jointly continuous in ε and w, the set Eκ(w) is non-empty for all w ∈

[w,w] regardless of κ. We can now adapt the arguments in Gans and Smart (1996) to show that

the policies chosen by the government are the policies most preferred by the agents with median

wealth. The details are in Appendix A.

Proposition 6. For all κ ∈ [0, R−1), the equilibrium set is Eκ(wmed).
12Since w > 0, the problem (C) is well-defined for τ in a neighborhood of zero.
13We can apply Theorem 3 in Milgrom and Shannon (1994) since ∂Vκ(ε, τ, w)/∂ε > 0 and ∂Vκ(ε, τ, w)/∂τ > 0

for all ε > 0 and τ ≥ 0, so that if (ε′, τ ′) 6= (0, τ) are two policy pairs in the same indifference curve, then ε′ > 0.
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Comparative Statics

We now use Proposition 6 to study how changes in the median wealth and borrowing limit affect

the equilibrium set. We start with some auxiliary results. Let ηκ(ε, w) = σκ(ε, B − ε, w). First

note that since σκ(ε, τ, w) is strictly increasing in h∗ and h∗ ≤ hU(ε), we have that

ηκ(ε, w) ≤ G′(ε) + 1 (2.7)

for all ε ∈ [0, B] and κ ∈ [0, R−1); the equality in (2.7) follows from (2.2) and the definition of

G(ε). Hence, ηκ(ε, w) < 1 for all ε > εmax.

Now, observe that
∂V ∗κ
∂ε

=
∂Vκ
∂ε
− ∂Vκ

∂τ
= u′(c∗1)[ηκ(ε, w)− 1] (2.8)

thus, for all ε > 0, a policy pair (ε, B − ε) with ε > εmax is suboptimal for all agents no matter

their wealth and the borrowing limit. Hence, any equilibrium is bounded above by εmax.

Lemma 7. All equilibria are bounded above by εmax.

The fact that ηκ(ε, w) < 1 for all ε > εmax suggests that ηκ(εmax, w) is bounded above by one;

we show that this is the case in Lemma 12 in Appendix A. Now observe that if the borrowing limit

is κ, then (2.8) implies that εmax is not an equilibrium if ηκ(εmax, wmed) < 1. It turns out that εmax

is not an equilibrium only if ηκ(εmax, wmed) < 1; see Appendix A for a proof.

Lemma 8. εmax is an equilibrium if, and only if, ηκ(εmax, wmed) = 1.

Assumption (A4) and Lemma 3 imply that the credit constraint binds for an agent with income

w when the policy pair is (εmax, B− εmax). Given that h∗ < hU(ε), and thus ηκ(ε, w) < G′(ε) + 1,

when the credit constraint binds, we then have that ηκ(εmax, w) < 1. Hence, ηκ(εmax, wmed) < 1

if wmed is close enough to w. The last auxiliary result we derive states that a necessary condition

for ε < εmax to maximize V ∗κ (ε, w) is that the credit constraint binds for an agent with income w

when the policy pair is (ε, B − ε); see Appendix A for a proof.

Lemma 9. εmax is an equilibrium if, and only if, ηκ(εmax, wmed) = 1.
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The intuition for Lemma 9 is as follows. If the credit constraint does not bind for an agent

with wealth w when ε < εmax, then a marginal increase in ε is beneficial for the agent. Indeed,

since he is not credit constrained, the agent can enjoy the greater return from the accumulation of

human capital and still optimally smooth his consumption, so that he is not hurt by the reduction

of transfers in period one. We can now establish our comparative statics results.

Proposition 7. Fix the borrowing limit. An increase in wmed never leads to a smaller equilibrium

expenditure on human capital policies. Moreover, an increase in wmed leads to a higher equilib-

rium expenditure on human capital policies if, and only if, ηκ(εmax, wmed) < 1.

The proof of Proposition 7 is in Appendix A. The first part of Proposition 7 follows from a

monotone comparative statics argument. The intuition for the second part is as follows. Note that

if ηκ(εmax, wmed) < 1, then ε < εmax for all ε ∈ Eκ(wmed). Hence, the credit constraint binds for

the median voter when ε ∈ Eκ(wmed). In this case, an increase in wmed allows the median voter to

better smooth his consumption, which increases the gain from investing in the offspring’s human

capital, and thus also the benefit from expenditures on human capital policies.

Given that a higher borrowing limit allows better consumption smoothing, the reasoning in the

previous paragraph suggests that relaxing credit constraints should lead to higher public spending

on human capital policies. Our next result confirms this intuition; see Appendix A for a proof.

Proposition 8. Fix the median wealth. An increase in κ never leads to a decrease in the equilibrium

expenditure on human capital policies. Moreover, an increase in κ leads to a higher equilibrium

expenditure on human capital policies if, and only if, ηκ(εmax, wmed) < 1.

To finish, observe from (A6) that ηκ(εmax, wmed) = 1 if wmed is large enough. So, alleviating

credit constraints has no effect on public spending on human capital policies if a country’s median

income is high enough. On the other hand, ηκ(εmax, wmed) < 1 if wmed is small enough. Hence, a

consequence of Proposition 8 is that alleviating credit constraints should have a positive impact on

government spending on human capital policies only if a country’s median income is low enough.

More generally, by continuity, the impact of a reduction in credit market frictions on government

spending on human capital policies should be stronger in societies with a sufficiently low median

income than in societies with a sufficiently high median income.
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2.6 Conclusion

This paper studies how credit constraints affect preferences for government spending on human

capital policies. We show that credit constraints can lead poorer societies to prefer less government

spending on human capital policies than richer societies, and that reducing credit market frictions

can increase government spending on human capital policies, with this increase greater in poorer

societies. We also provide cross-country evidence that better functioning credit markets are indeed

associated with higher government spending on human capital policies and that this association is

stronger in poorer economies.

An important assumption in our analysis is that the size of the government is taken as given.

This allows us to focus on the question of interest, which is how credit market frictions affect

the composition of government expenditures by affecting preferences for government spending on

human capital policies. An interesting question is whether (and if so, how) credit constraints affect

preferences for government size. This is left for future research.
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Appendix A: Omitted Proofs

Comparative Statics of du

By construction, c∗1 = w + τ + dU − hU(ε) and c∗2 = w −RdU − bU(w, dU , ε). Notice that

∂

∂d
u′(c2) = u′′(c2)

{
−R− ∂bU

∂d
(w, d, ε)

}
= −ρR u′′(c2)u

′′(co)

u′′(c2) + ρu′′(co)
> 0.

Hence, the left-side of (2.4) is strictly decreasing in d while the right-side of (2.4) is strictly in-

creasing in d, so that dU(w, ε, τ) is well-defined.
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Straightforward algebra shows that:

∂dU

∂w
(w, ε, τ) =

βRu′′(c∗2)
[
1− ∂bU

∂w
(w, dU , ε)

]
− u′′(c∗1)

u′′(c1) + βRu′′(c∗2)
[
R + ∂bU

∂d
(w, dU , ε)

] ;

∂dU

∂ε
(w, ε, ε) =

u′′(c∗1)
∂hU

∂ε
(ε)− βRu′′(c∗2)∂b

U

∂ε
(w, dU , ε)

u′′(c∗1) + βRu′′(c∗2)
[
R + ∂bU

∂d
(w, dU , ε)

]
∂dU

∂τ
(w, ε, τ) = − u′′(c∗1)

u′′(c∗1) + βR2u′′(c∗2)
< 0;

Since c∗2 ≥ c∗1, DARA implies that

u′′(c∗2)

u′(c∗2)
≥ u′′(c∗1)

u′(c∗1)
.

Hence, making use of the Euler equation βRu′′(c∗2) = u′(c∗1), we have that

βRu′′(c∗2)− u′′(c∗1) = βRu′(c∗2)
u′′(c∗2)

u′(c∗2)
− u′′(c∗1) ≥ βRu′(c∗2)

u′′(c∗1)

u′(c∗1)
− u′′(c∗1) = 0.

Thus, the numerator of ∂dU/∂w is positive. Since the denominator of ∂dU/∂w is negative, we

then have that dU is strictly decreasing in w.

Since ∂bU/∂ε < 0, the numerator of ∂dU/∂ε is negative. Thus, dU is strictly increasing in ε.

Lemma 10 and Proof

Lemma 10. G(ε) is strictly concave and limε↓0G
′(ε) > 0.

Proof. We first show that (A2) implies that G(ε) is strictly concave in ε. Note from (2.10) that

G′′(ε) =
1

R

[
∂2ω(hU(ε), ε)

∂ε2
+
∂2ω(hU(ε), ε)

∂h∂ε

∂hU(ε)

∂ε

]
.

Moreover, applying the Implicit Function Theorem to (2.2), we have that

∂2ω(hU(ε), ε)

∂h2
∂hU(ε)

∂ε
+
∂2ω(hU(ε), ε)

∂h∂ε
= 0. (2.9)

Thus, (A2) and (2.9) imply thatG′′(ε) < 0 for all ε > 0. Now observe that the first-order condition
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(2.2) implies that

G′(ε) =
1

R

∂ω(hU(ε), ε)

∂ε
− 1. (2.10)

for all ε > 0. Since limε→0 ∂ω(ε, ε)/∂h > R by (A3), condition (2.2) also implies that hU(ε) > ε

for ε ≈ 0. Hence, (A3) implies that

G′(ε) >
1

R

∂ω(ε, ε)

∂ε
− 1

for ε ≈ 0, from which it follows that limε↓0G
′(ε) > 0.

Proof of Lemma 3

Consider first the case in which ε > 0. It is immediate to see that if dU(w, ε, τ) ≤ κw, then

the first-order condition (2.2) implies that the pair (hU(ε), dU(w, ε, τ)) satisfies the Kuhn-Tucker

conditions with λ = µ = 0. Suppose then that dU(w, ε, τ) > κw. Given that λ = 0, conditions

(h) to (b) imply that h∗ satisfies the first-order condition (2.2) if µ = 0, in which case h∗ = hU(ε).

Condition (d), however, implies that d∗ = dU(w, ε, τ) if µ = 0 and h∗ = hU(ε), a contradiction.

Thus, µ > 0 at the solution to (P).

Consider now the case in which ε = 0. Since ∂ω(h, 0)/∂h ≡ 0, it is immediate to see that

if dU(w, 0, B) ≤ κw, then (0, dU(w, 0, B)) satisfies (h) and (d) with µ = 0 and λ = u′(w +

B + dU(w, 0, B)). Suppose then that dU(w, 0) > κw. If µ = 0, then (h), (d), and λh imply that

h∗ = hU(0) and d∗ = dU(w, 0, B), a contradiction. Thus, µ > 0 when dU(w, 0) > κw.

Proof of Lemma 5

Proof. Suppose that ε > 0 and that the credit constraint binds. Thus, d∗ = κw, and so:

c∗1 = (1 + κ)w + τ − h∗;

c∗2 = w(1− κ̃)− b∗;

c∗o = ω(h∗, ε) + b∗.
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Now define Ω(h, b, w, κ) to be such that

Ω(h, b, w, κ) =

(
−u′((1 + κ)w + τ − h) + βu′(w(1− κ̃)− b)∂ω

∂h
(h, ε)

u′(w(1− κ̃)− b)− ρu′(ω(h, ε) + b)

)
;

we omit the dependence of Ω on the pair (ε, τ) for ease of notation. By construction, the equation

Ω(h∗, b∗, w, κ) = 0 defines h∗ and b∗ implicitly as a function of w and κ. Notice that

D(h,b)Ω(h∗, b∗, w, κ) =

(
u′′(c∗1) + βu′(c∗2)

∂2ω
∂h2

(h∗, ε) −βu′′(c∗2)∂ω∂h (h∗, ε)

−ρu′′(c∗o)∂ω∂h (h∗, ε) −u′′(c∗2)− ρu′′(c∗o)

)
.

Since ∂2ω/∂h2 < 0, the determinant of D(h,b)Ω(h∗, b∗, w, κ) is negative. So, D(h,b)Ω(h∗, b∗, w, κ)

is invertible and we can apply the Implicit Function Theorem. Observe that

(D(h,b)Ω)−1(h∗, b∗, w, κ) =

1

detD(h,b)Ω(h∗, b∗, w, κ)

(
−u′′(c∗2)− ρu′′(c∗o) βu′′(c∗2)

∂ω
∂h

(h∗, ε)

ρu′′(c∗o)
∂ω
∂h

(h∗, ε) u′′(c∗1) + βu′(c∗2)
∂2ω
∂h2

(h∗, ε)

)
.

Now notice that

DwΩ(h∗, b∗, w, κ) =

(
−(1 + κ)u′′(c∗1) + β(1− κ̃)u′′(c∗2)

∂ω
∂h

(h∗, ε)

(1− κ̃)u′′(c∗2)

)

=

 −(1 + κ)u′′(c∗1) + (1− κ̃)u′′(c∗2)
u′(c∗1)

u′(c∗2)

(1− κ̃)u′′(c∗2)


and that

DκΩ(h∗, b∗, w, κ) =

(
−wu′′(c∗1)− wβRu′′(c∗2)∂ω∂h (h∗, ε)

−wRu′′(c∗2)

)
.

Next observe that −(1 + κ)u′′(c∗1) ≥ −(1− κ̃)u′′(c∗1). Moreover, u′(c∗1) = βRu′(c∗2) + µ ≥ u′(c∗2)

implies that c∗1 ≤ c∗2. Hence,

u′′(c∗2)
u′(c∗1)

u′(c∗2)
− u′′(c∗1) ∝ u′(c∗1)

[
−u

′′(c∗1)

u′(c∗1)
−
(
−u

′′(c∗2)

u′(c∗2)

)]
≥ 0

by DARA. So, we can conclude that the first term ofDwΩ(h∗, b∗, w, κ) is positive. Finally, observe
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that

(−u′′(c∗2)− ρu′′(c∗o))
(
−wu′′(c∗1)− wβRu′′(c∗2)

∂ω

∂h
(h∗, ε)

)
− βu′′(c∗2)

∂ω

∂h
(h∗, ε)wRu′′(c∗2)

= wu′′(c∗1)u
′′(c∗2) + ρwu′′(c∗1)u

′′(c∗o) + wβRρu′′(c∗o)u
′′(c∗2)

∂ω

∂h
(h∗, ε) > 0.

The desired result now follows from the fact that(
∂h∗

∂w
∂h∗

∂κ

∂b∗

∂w
∂b∗

∂κ

)
= −(D(h,b)Ω)−1(h∗, b∗, w, κ)[DwΩ(h∗, b∗, w, κ) DκΩ(h∗, b∗, w, κ)].

Lemma 11 and Proof

Lemma 11. ε = 0 is never an equilibrium.

Proof. Let ε ∈ (0, B) be such that dU(w, ε,B − ε) = 0; note that ε does not depend on κ. By

definition, dU(w, ε,B − ε) ≤ 0 for all w ∈ [w,w] and ε ∈ [0, ε], and so V ∗κ (ε, w) = V U(G(ε), w)

for all w ∈ [w,w] and ε ∈ [0, ε] by Corollary 1. The desired result follows from the fact that

V U(G(ε), w) > V U(G(0), w) for all w ∈ [w,w] if ε is close enough to zero.

Proof of Proposition 6

Fix κ and let ε1, ε2 ∈ (0, B]. Since V ∗κ (ε, w) satisfies the single-crossing property in (ε, w) for

all ε ∈ [0, B] and w ∈ [w,w], it follows that: (i) if ε1 > ε2, then V ∗κ (ε1, wmed) ≥ V ∗κ (ε2, wmed)

implies that V ∗κ (ε1, w) ≥ V ∗κ (ε2, w) for all w > wmed; and (ii) if ε2 > ε1, then V ∗κ (ε1, wmed) ≥

V ∗κ (ε2, wmed) implies that V ∗κ (ε1, w) ≥ V ∗κ (ε2, w) for all w < wmed. Hence, any element of

Eκ(wmed) is an equilibrium.

We now claim that if ε /∈ Eκ(wmed), then a majority of agents prefers any εm ∈ Eκ(wmed) to

ε, so that ε /∈ M. Suppose first that ε > εm ∈ Eκ(wmed). Since V ∗κ (εm, wmed) > V ∗κ (ε, wmed)

implies that V ∗(εm, w) > V ∗(ε, w) for all w ≤ wmed, the continuity of V ∗κ (ε, w) in w implies that a

majority of agents prefers εm to ε. Suppose now that ε < εm. Since V ∗κ (εm, wmed) > V ∗κ (ε, wmed)

implies that V ∗κ (εm, w) > V ∗κ (ε, w) for all w ≥ wmed, the continuity of V ∗κ (ε, w) in w implies that
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once again a majority of agents prefers εm to ε. This completes the proof.

Lemma 12 and Proof

Lemma 12. ηκ(εmax, w) ≤ 1 for all w ∈ [w,w] and κ ∈ [0, R−1).

Proof. Suppose, by contradiction, that ηκ(εmax, w) > 1 for some w ∈ [w,w], in which case

ηκ(εmax, w) > 1 by Lemma 6. Now note that (A6) implies that the credit constraint does not

bind for the wealthiest agent in society when (ε, τ) = (εmax, B − εmax), so that V ∗κ (εmax, w) =

V U(G(εmax), w). Hence, (2.8) implies that εmax does not maximize V U(G(ε), w). This, however,

implies that εmax does not maximize G(ε), a contradiction.

Proof of Lemma 8

We are done if we show that ηκ(εmax, wmed) = 1 implies that εmax is the only equilibrium. Let κ be

the borrowing limit. First note that if h∗ < hU(εmax), then (2.7) implies that ηκ(εmax, wmed) < 1.

Hence, ηκ(εmax, wmed) = 1 implies that h∗ = hU(εmax). Now note that if h∗ = hU(εmax), then

summing (h) and (d) we obtain that µ(κR − 1) = 0, so that µ = 0 (for κR < 1). It then follows

from (d) that d∗ = dU(wmed, εmax, B−εmax), and so V ∗κ (εmax, wmed) = V U(G(εmax), wmed). Thus,

Eκ(wmed) = {εmax}, which implies the desired result.

Proof of Lemma 9

Let ε < εmax. If dU(w, ε,B − ε) ≤ κw, then Lemma 3 implies that

∂V ∗κ (ε, w)

∂ε
=
∂ω(h∗, ε)

∂ε
u′(c∗2)− u′(c∗1)

= u′(c∗1)

[
1

R

∂ω(h∗, ε)

∂ε
− 1

]
= u′(c∗1)G

′(ε),

where the second equality follows from (d) and the last equality follows from (2.10). Given that

G′(ε) > 0 for all ε ∈ [0, εmax), we then have that ε does not maximize V ∗κ (ε, w).
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Proof of Proposition 7

Proof. For any S1, S2 ⊆ R, we write S1 ≤s S2 if s1 ≤ s2 for all s1 ∈ S1 and s2 ∈ S2. We need to

show that: (i) Eκ(w′) ≤s Eκ(w′′) for all w′ < w′′ in [w,w] and κ ∈ [0, R−1); and (ii) Eκ(wmed) <s

Eκ(w) for all w ∈ (wmed, w] and κ ∈ [0, κ∗] if κ∗ ∈ (0, R−1) is such that ηκ∗(εmax, wmed) < 1.

(i) Fix κ ∈ [0, R−1) and let w′, w′′ ∈ [w,w] be such that w′ < w′′. We claim that Eκ(w′) ≤s
Eκ(w′′). The desired result holds if Eκ(w′′) = {εmax}. Suppose then that there is ε′′ ∈ Eκ(w′′) with

ε′′ < εmax. Since dU(w′′, ε′′, B − ε′′) > κw′′ by Lemma 7, we have that dU(w, ε,B − ε) > κw

for all w ≤ w′′ and all ε ∈ (ε′′, ε∗max]. Hence, by Lemma 4 in the text and Theorem 3 in Milgrom

and Shannon (1994), V ∗κ (ε, w) satisfies the strict single-crossing condition in (ε, w) for all ε ∈

(ε′′, εmax] and w ≤ w′′. Suppose now, by contradiction, that there is ε′ ∈ Eκ(w′) with ε′ > ε′′; note

that ε′ ≤ εmax. Since V ∗κ (ε′, w′) ≥ V ∗κ (ε′′, w′), we can then conclude that V ∗κ (ε′, w′′) > V ∗κ (ε′′, w′′),

a contradiction. So, ε′ ≤ ε′′, and the desired result holds.

(ii) We know that Eκ(wmed) = {εmax} if ηκ(εmax, wmed) = 1. Suppose then that ηκ(εmax, wmed) <

1. By assumption, εmax /∈ Eκ(wmed). Moreover, we know that 0 /∈ Eκ(wmed). So, ε ∈ Eκ(wmed)

only if ηκ(ε, wmed) = 1. Now note that

∂2V ∗κ (ε, wmed)

∂w∂ε
=
d[u′(c∗1)]

dw
[ηκ(ε, wmed)− 1] + u′(c∗1)

∂ηκ(ε, wmed)

∂w

for all ε > 0. Hence, if ε ∈ Eκ(wmed), then

∂2V ∗κ (ε, wmed)

∂w∂ε
= u′(c∗1)

∂ηκ(ε, wmed)

∂w
> 0.

Thus, there is a neighborhood N of wmed such that if ε ∈ Eκ(wmed), then

∂V ∗κ (ε, wmed)

∂ε
> 0

for all w ∈ N ∩ (wmed, w]. Therefore, Eκ(w) ∩ Eκ(wmed) = ∅ for all w ∈ N ∩ (wmed, w]. By (i),

we can then conclude that Eκ(w) >s E(wmed) if w > wmed. The desired result follows from the

fact that ηκ(ε, w) is nondecreasing in w.
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Proof of Proposition 8

Proof. The proposition is a consequence of the following two facts: (i) Eκ′(w) ≤s Eκ′′(w) for all

w ∈ [w,w] and all κ′, κ′′ ∈ [0, R−1) such that κ′ < κ′′; and (ii) if ηκ(εmax, w) < 1 for some

κ ∈ [0, R−1), then Eκ(w) <s Eκ′(w) for all κ′ ∈ (κ,R−1).

(i) Fix w ∈ [w,w] and let κ′, κ′′ ∈ [0, R−1) be such that κ′ < κ′′. We claim that Eκ′(w) ≤s
Eκ′′(w). The desired result holds if Eκ′′(w) = {εmax}. Suppose then that there is ε′′ ∈ Eκ(w) with

ε′′ < εmax. Since dU(w, ε′′, B − ε′′) > κ′′w by Lemma 7, we have that dU(w, ε,B − ε) > κw

for all κ ≤ κ′′ and all ε ∈ (ε′′, εmax]. So, once again by Lemma 4 in the text and Theorem 3 in

Milgrom and Shannon (1994), V ∗κ (ε, w) satisfies the strict single-crossing condition in (ε, κ) for

all ε ∈ (ε′′, εmax] and κ ∈ [0, κ′′]. The same argument as in the proof of the previous proposition

now shows that if ε′ ∈ Eκ′(w), then ε′ ≤ ε′′. This completes the proof of (i).

(ii) Suppose ηκ(εmax, w) < 1 for some κ ∈ [0, R−1). The same argument as in the proof of (ii) of

the previous proposition (just exchange the roles of w and κ) shows that there is a neighborhood

N of κ such that Eκ′(w) ∩ Eκ(w) = ∅ for all κ′ ∈ N ∩ (κ,R−1). The desired result is now a

consequence of (i).
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