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Abstract

We study the macroeconomic impacts produced by different allocations of public
expenditures across schools and universities in a developing country. We construct
a general equilibrium model featuring heterogeneous agents, credit restrictions,
basic and higher education, public and private educational institutions. The
model is calibrated to fit Brazilian data. Simulating a reallocation of governmen-
tal expenditures from public colleges toward public schools may lead to relevant
gains in terms of GDP, inequality, and welfare. The efficacy of this policy depends
on whether the new allocation of expenditures is paired with higher-quality pub-
lic schools. We also simulate a school voucher policy that resembles the Chilean
experience in terms of program scale and voucher payment magnitude. In com-
parison with the previous policy, school vouchers produce larger impacts on GDP,
inequality, social mobility, and welfare.
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1 Introduction
Governments throughout the world use educational policies with the goal of fostering
economic development. In 2012, 4.7 percent of world GDP was spent by governments
on educational purposes (World Bank, 2018). Educational stages are an important
mechanism through which policies affect development for at least two reasons. First, a
different part of the population may be affected by a policy depending on whether it
focuses on public schools or public universities.1 Educational systems in many countries
are characterized by the following two facts: (i) families that send their children to
public schools have less favorable economic backgrounds compared to those that choose
private schools,2 and (ii) college students tend to come from families with higher income
levels than young adults with no college education.3

A second reason why educational stages are an important aspect of education poli-
cies is that the quality of governmental educational institutions may differ from that of
private establishments. The 2015 Program for International Student Assessment (PISA)
shows that there is a large number of countries in which the average performances of
private and public schools are statistically different from each other with respect to
several criteria used to assess a school’s quality (such as the existence of programs to
involve parents, or occurrences of educational material and staff shortages).4

Governments have limited budgets with which to enact educational policies and,
therefore, must choose how to allocate available funds between schools and universi-
ties. In this paper, we seek to answer the following research question: what are the
impacts of different allocations of public expenditures across educational stages (basic
vs. higher education) on GDP, inequality, social mobility, and welfare? To answer
this question, we develop a general equilibrium model featuring heterogeneous agents,
basic and higher education, public and private educational institutions, credit frictions,
and complementarity between human capital inputs. We calibrate the model to Brazil,
a large developing country, and use counterfactual simulations to study the impacts
of several governmental policies that generate different allocations of public resources

1We use the term “basic education” to refer to primary and secondary education, “higher educa-
tion” to refer to tertiary education, “school” to refer to a basic education institution, and “university”
or “college” to refer to a higher education institution.

2Table A1 in the Appendix shows a list of countries at different development levels, including
Argentina, Colombia, Spain, and the United States, where the proportion of families in the bottom
quartile of PISA’s index of economic, social, and cultural status that choose to send their children to
private schools is significantly lower than the fraction of families in the top quartile choosing private
schools. For example, in Colombia, two percent of families in the bottom quartile choose to send their
children to private schools, but 46 percent of families in the top quartile choose to do so. In the United
States the corresponding numbers are one and 21 percent.

3Studies show that there is inequality in access to higher education in countries in South Asia and
sub-Saharan Africa (Ilie and Rose, 2016) and Europe (Koucky et al., 2009).

4In particular, for most of the criteria, the number of countries where private schools outweigh
public schools is higher than the number of countries where the opposite happens. See Table A2 in
the Appendix.
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across educational stages.
In the model, households are represented by overlapping generations. Each house-

hold is composed of a parent and a child. Parents make choices related to consumption,
savings, and educational investments in their children. Children are heterogeneous in
terms of innate ability, which is one of the inputs of their human capital. Other human
capital inputs are educational investments in basic and higher education, and parental
human capital. There are credit frictions in the economy: households cannot take loans
in the credit market, which generates the existence of poor parents with high ability
children who are not able to borrow against their offspring’s future labor earnings.
In an such environment, public educational policies may be beneficial to financially
constrained households.

Public and private schools differ in two aspects. First, the marginal human capi-
tal returns of educational investments are different between the two types of schools,
reflecting heterogeneous qualities. Second, each student in public school receives an
educational investment from the government through public expenditures. Public and
private colleges differ in the same aspects as schools, with one additional distinction:
public colleges have a limited number of spots and admit students based on a noisy
measure of the applicants’ human capital, while vacancies in private colleges are unlim-
ited.5

There are two general equilibrium components in the model. First, given that vacan-
cies in public colleges are limited, a grade point cutoff is determined in equilibrium to
make the mass of students entering public college consistent with the mass of vacancies
supplied by the government. Second, the level of governmental expenditures per student
in both educational stages is determined endogenously, taking into account the mass
of agents choosing public educational institutions and the fact that the government’s
budget must be balanced in equilibrium.

The model is calibrated to fit Brazilian data. Targeted statistics include the frac-
tion of students in public and private schools and universities, households’ educational
expenditures, labor earnings cross-sectional variability, the college wage premium, and
parent-child wage correlation. We validate the calibrated parameters by investigating
the model’s performance in fitting non-targeted statistics, such as percentiles of the
wage distribution and educational choices by wage quartiles. We also replicate a quasi-
experiment studied in Francis-Tan and Tannuri-Pianto (2018) as a validation exercise.
These authors estimate the effect of the results from a public college admissions exam
in Brazil on applicants’ wages eight years after the selection exam was taken. Using a
regression discontinuity approach, they find that admitted applicants with scores close
to the admissions cutoff have statistically significant higher wages than of those who
are barely rejected. We replicate this experiment in our model, running a discontinu-

5Public colleges are tuition-free in the model. In addition to Brazil, other countries with free
(or almost free) public colleges are Argentina, Cuba, Czech Republic, Denmark, Estonia, Finland,
Germany, Greece, Norway, Poland, the Slovak Republic, Slovenia, Sweden, and Turkey.

3



ity regression with simulated data, and obtain a coefficient estimate consistent with
Francis-Tan and Tannuri-Pianto’s (2018) findings.

As a result of the calibration procedure, we find that the quality of public schools
is extremely low: an increment in educational investment made in a student in pub-
lic school produces an increase in her human capital equal to 38 percent of the gain
that she would have had if she were in a private school. Analogously, public college
quality is equal to 86 percent of private university quality. The calibration also pro-
duces human capital production function parameter values that imply a large degree of
complementarity between inputs.

We use the calibrated model to simulate several educational policy experiments and
evaluate their impacts on macroeconomic aggregates and on different parts of the pop-
ulation. We first investigate the effects of reallocating governmental expenditures from
public colleges toward schools. According to UNESCO (2017), Brazil has an annual
basic-higher public expenditure per student ratio equal to approximately 0.2–that is, for
each dollar that the government spends per college student, only 20 cents are invested
per basic education student. Simulating the effects of adopting a one-to-one govern-
mental per-student expenditure across public schools and public universities, similar to
policies in the United States and Spain,6 we find that economic inequality decreases
by 1.24 percent, but GDP, social mobility, and welfare are not affected. Although its
macroeconomic effects are small, 96 percent of households are better off with the pol-
icy, and the largest impacts occur on households in the bottom income quartile, whose
average income and consumption increase by 0.8 percent.

In this policy, governmental expenditures are taken from public universities, which
have a relatively high quality, and reallocated to public schools, where quality is low.
It is natural to presume that this fact drives the small macroeconomic effects of the
policy. To investigate this further we study the impacts of increasing the quality of
public schools to half the quality of private schools, together with reallocating resources
from colleges to schools. In this case the macroeconomic effects are relevant: GDP
increases by 3.5 percent, inequality falls by 2 percent, and welfare gains are moderate:
households would be willing to pay approximately one percent of consumption in all
periods to implement the policy. The poor are the most benefited: average income and
consumption grow by 6 percent in the bottom income quartile.

The model is not able to provide an estimate of the cost of implementing such an
increase in the quality of public schools, since the latter is an exogenous parameter.
However, we can use our framework to look for the maximum increase in taxation
that households would be willing to accept together with the policy implementation.
We find that, if the tax rate increase needed to implement the previously-described
improvement in school quality was less than 0.8 percentage points, the policy would be
desirable from a welfare perspective that gives equal weights to each household.

6See Figure A1 in the Appendix for cross-country data on the allocation of public per-student
expenditures across schools and colleges.
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The previous policy consists of two changes occurring simultaneously: a higher pub-
lic school quality and governmental expenditure reallocation from colleges to schools.
We run decomposition exercises and find that the expenditure reallocation channel
accounts for one fourth of the gains in GDP and welfare, and for 40 percent of the
decrease in inequality. This suggest that, although reallocation of governmental expen-
ditures across educational stages alone does not produce large macroeconomic effects,
it can contribute significantly to structural educational policies that are able to increase
the efficacy of public schools.

The policy in which public school quality is improved and resources are reallocated
to schools produces an increase in the fraction of public school students from 86 to
94 percent. This may lead one to wonder about general equilibrium effects in the
model: for government’s budget to be balanced in the new steady state, governmental
basic educational expenditures per student need to increase by a smaller proportion
than in the case in which the amount of public school students does not change. In
fact, updating general equilibrium variables using a simple back-of-the-envelope rule
that keeps important endogenous variables constant would lead us to overestimate the
policy’s impact on total public educational expenditures by a factor of three, and its
impact on GDP by 25 percent, showing that taking into account general equilibrium
forces is an important aspect of our analysis.

In our second educational policy evaluation, we study a school voucher program in
which the government makes educational investments in targeted children who are sent
to private schools. We simulate a voucher policy that resembles the Chilean experience
in two aspects. First, the value of governmental per-student transfers to private schools
is the same as in public schools. Second, voucher students account for 50 percent of all
basic education students in the equilibrium with the policy.

This policy has strong macroeconomic impacts: GDP increases by 13 percent, in-
equality falls by approximately 3 percent, social mobility (as measured by the parent-
child wage elasticity) is improved by 2.3 percent, and households would be willing to
pay on average 2.3 percent of consumption in all periods to implement the policy. Av-
erage consumption in the first two income quartiles increases by 20 and 15 percent,
respectively, with associated willingness to pay of 4 and 3.5 percent.

It might take several years to observe the impacts of a basic education policy in
the economy because such impacts may start to occur only after benefited students
complete their education and join the labor market. We use the school voucher policy
to study the transition path of variables between the steady states before and after the
policy. We find that, in the first 18 years, GDP barely changes after the implementation
of school vouchers. After 36 years GDP is 2.5 percent higher, and in 54 years it is 7.5
percent higher than in the equilibrium before the policy. Overall, the policy’s impacts
on GDP occur slowly over time: it takes more than one hundred years for the long-run
impact on aggregate output to be reached. With respect to economic inequality, the
transition is relatively faster: in the first 36 years, the variation in the income Gini
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coefficient reaches more than two thirds of its long-run change.
We also study the economic impacts of increasing the number of vacancies in public

colleges and implementing school vouchers for private universities. We find that these
policies benefit mainly the rich households. However, if paired with a reallocation of
governmental expenditures toward public schools, such higher education policies may
be able to reach a poorer part of the population.

This paper is closely related to the hierarchical education literature (Lloyd-Ellis,
2000; Driskill and Horowitz, 2002; Su, 2004; Blankenau et al., 2007; Arcalean and
Schiopu, 2010; Abington and Blankenau, 2013).7 Papers in this literature were the first
to study the implications of human capital stages’ relevance to macroeconomic edu-
cational policies. Specifically, these papers compare the macroeconomic consequences
produced by different allocations of public expenditures across human capital stages.
Most papers in this literature are theoretical and focus on stylized models. Arcalean
and Schiopu (2010) is the only quantitative paper in this branch of literature that we
are aware of. We contribute to this literature by building and calibrating a rich model
that encompasses several relevant features not considered by previous papers, such as
heterogeneous agents, credit restrictions, and the differences between public and private
educational institutions.

We contribute to a large applied literature that studies the effects of education poli-
cies using structural models with different educational stages (for example, Restuccia
and Urrutia, 2004a; Cunha, 2013; Caucutt and Lochner, 2017; Rauh, 2017; Herskovic
and Ramos, 2017; Abbott et al., forthcoming; Lee and Seshadri, forthcoming). Our
main contribution is to investigate the trade-off between public investments in basic
and higher education in a framework with public and private educational institutions.

The rest of this paper is organized as follows. Section 2 describes the main model.
Section 3 presents the calibration and discusses the benchmark economy. Section 4
discusses results of simulated policy experiments. Section 5 presents concluding com-
ments.

2 A model of educational choices and public policy
The model is based on Restuccia and Urrutia (2004a) and Herskovic and Ramos (2017).8
It is composed of households, a representative final goods firm, and the government.
Households are represented by overlapping generations, make decisions on consumption,
savings, and education, and supply human capital to the final goods firm. The economy

7For a revision of the hierarchical education literature, see Sarid (2016).
8With respect to the models mentioned here, the main novelties in our framework comprise financial

assets that allow households to transfer resources over time, and a richer human capital production
function structure. Without the latter, it would not be possible to use the model to answer our research
question. However, we do not adopt some features present in the other models, such as the possibility
of dropping out of college (Restuccia and Urrutia, 2004a) and the distinction between human capital
and the public college exam score (Herskovic and Ramos, 2017).
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is small and households save using international credit markets. The final goods firm
employs human capital and produces the consumption good. The government taxes
households and provides educational services for free. There are two levels of education
(basic and higher) and two types of educational institutions (private and public). Time
is discrete and each period in the model is interpreted as an 18-year period.9

Households An agent’s economic life has four periods. In the first period, an agent
is born as a young child (aged zero to 18 years) and in the next period she becomes an
old child (18 to 36 years). In the third period of her life, an agent is a young parent (36
to 54 years), and in the fourth and final period she becomes an old parent (54 to 72
years). Each generation is a continuum of positive measure, and a family unit comprises
one parent and one child. At each point in time, there are two different family units:
one with a young child and a young parent, and another with an old child and an old
parent. There is no population growth.

A young household is characterized by the young parent’s human capital, h, the
young child’s innate ability, π, and the household’s asset wealth, a. When a child is
born, her innate ability is drawn from a log-normal distribution:

log(π) ∼ N(0, σ2
π). (1)

All young children go to school and complete basic education.10

Similar to young households, an old household is characterized by the old parent’s
human capital and the household’s asset wealth. An old child, however, is character-
ized by her acquired ability, π̂, which is the human capital that she has in the stage
immediately after completing her basic education but before going to college. An old
parent may choose not to send her old child to college.

Decisions are made at the family level. Parents make consumption, savings, and ed-
ucational investment choices, maximizing the expected discounted utility of the family,
which is written as ∞∑

t=0
βt E[u(ct)], (2)

where β is a time discounting factor and u(·) is the family’s utility.11

9In Section C in the Appendix we present a simple model of educational choices and public policy,
which includes some of the features present in this section’s model, such as public and private schools,
and public colleges with a limited number of vacancies. We use the simple model to analytically study
the impacts of a reallocation of governmental expenditures from public colleges to public schools on
aggregate output.

10For simplicity’s sake, in the model we posit that young children cannot work. In the 2002 Brazilian
National Household Survey (PNAD), 6.15 percent of 6- to 17-year-old children work for 6 hours a day
or more.

11We do not need to define an age of death for agents. Since utility is at the family level, it is
possible to interpret a young household as composed of one young child, one young parent, and one
retired grandparent. Therefore, there is no need to interpret the end of a model period as the death
of an old parent.
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Human capital An individual’s human capital is her productivity in the labor mar-
ket. It is determined by three types of variables: her innate ability, effective educational
investments, and her parent’s human capital. Effective educational investment combines
governmental and household’s education investments. Education investments represent
monetary expenditures in educational goods and services, such as schools, books, etc.
The transformation of an education investment into an effective educational invest-
ment depends on whether a public or a private education institution is chosen by the
household.

Young households make decisions related to basic education. A young household
chooses how much to invest in school, e ≥ 0, and an education institution type, which
can be public or private. Effective basic educational investment êy is determined by

êy =

e if private school
αy(gy + e) if public school,

(3)

where gy ≥ 0 is the governmental expenditure per student in public school, and αy > 0
is a parameter that measures the quality of public schools with respect to private schools
in terms of marginal returns: if a student in public school receives a one-unit increment
of educational investment, the increase in her effective education investment is equal
to 100 × αy percent of the increase that she would get if she were in a private school.
Since αy is a parameter, increasing governmental expenditures in public schools does
not affect its quality in terms of marginal returns–it only means having a higher level of
input in the effective education technology.12 A parent choosing to send her child to a
public school may still decide to make positive educational expenditures, representing
the fact that parents can complement governmental investments through purchasing
additional books, private lessons, etc.

Old households make decisions related to college education. An old child will be in
one of three situations: (i) having no college education, (ii) having a college degree from
a private university or, (iii) having a college degree from a public university. Effective
college investment êo is given by

êo =


0 if no college
e if private college
αo(go + e) if public college,

(4)

where in this case e ≥ 0 represents the household’s educational expenditure in college.
Parameter αo > 0 captures the quality difference between public and private colleges,
and go ≥ 0 is the public expenditure per student in public college.

12In the quantitative analysis in Section 4.1 we discuss robustness exercises in which we suppose
that the quality of a public educational institution is an increasing and concave function of per-student
governmental expenditures.
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A child’s acquired ability, π̂, is a function of her innate ability, π, her parent’s human
capital, h, and effective basic educational investment, êy, through a constant elasticity
of substitution (CES) technology:

π̂ = π
[
γyh

φy + (1− γy)êφyy
]1/φy

, (5)

where 0 ≤ γy ≤ 1 is a parameter that measures the relative importance of her parent’s
human capital to her acquired ability formation, and φy ≤ 1 drives the elasticity of
substitution between h and êy.13

The human capital of an individual, h′, is determined by her acquired ability, π̂,
and the effective educational investment in her college education êo:

h′ =
[
γoπ̂

φo + (1− γo) (ψ + êo)φo
]θ/φo

, (6)

where 0 ≤ γo ≤ 1 and φo ≤ 1 have similar interpretations as in (5), 0 < θ < 1 measures
the degree of decreasing returns to scale, and ψ > 0 drives the marginal return of higher
education investment for an individual without college. Note that if ψ = 0, (6) is a
standard CES production function. We assume that ψ > 0 because this specification
makes an agent’s human capital a strictly increasing function of her acquired ability, π̂,
even if she does not study in college (êo = 0) and inputs are complementary (φo < 0).
Parameter ψ has another interpretation: it sets an acquired ability cutoff level such
that, for π̂ higher than this threshold, the production function behaves as standard
CES function. For example, if inputs are perfect complements, φo → −∞, then for
a given level of innate ability and parental human capital, ψ sets a threshold such
that if the effective basic educational investment reaches this cutoff, the agent needs
to enter university and start investing in college education if she desires to obtain a
higher human capital level. This human capital production function specification is in
line with Cunha et al. (2010) and Caucutt and Lochner (2017).

Young households We now present the recursive problem of households. The state
variable of a young household is given by the parent’s human capital h, the child’s
innate ability π, and household’s asset wealth a. The parent inelastically supplies
human capital services in the labor market, and her labor income is equal to wh, where
w is the equilibrium wage rate. Asset income is given by ra, where r is the exogenous
interest rate. The government proportionally taxes labor and asset earnings at rate τ .
The young parent decides how to allocate her after-tax income between consumption, c,
basic education expenditures, e, and the household’s asset level taken to the next period,
a′, and chooses whether to send her child to a public or private school. Conditional on

13Parental human capital as an input can be interpreted as a reduced form to capture transmission
of moral values from parents to children and differences between parenting styles (Doepke and Zilibotti,
2017).
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choosing education type s ∈ {public, private}, the problem of a young parent is given
by

V s
y (h, π, a) = max

c,e,a′≥0
u(c) + βVo(h, π̂, a′)

subject to
c+ e+ a′ = (1− τ)wh+ (1 + r(1− τ))a,

(3) and (5).

(7)

The function Vy(·) is the value function of the young parent and Vo(·) is the value func-
tion of the old parent. Since assets cannot be negative, households cannot borrow in the
credit market. The child’s acquired ability in the next period, π̂, depends on her innate
ability, π, her parent’s human capital, h, and decisions on educational investment, e,
and type, s, according to (3) and (5).14

The value function of a young household is the maximum between the values of
sending the child to public and private schools:

Vy(h, π, a) = max
{
V public
y (h, π, a), V private

y (h, π, a)
}
. (8)

Old households An old parent makes discrete choices with respect to higher educa-
tion and chooses how to allocate her family income between consumption, savings, and
investment in college. Specifically, an old parent chooses whether or not to have her
child apply to college, and, therefore, her value function is defined as

Vo(h, π̂, a) = max
{
V no college
o (h, π̂, a), V apply

o (h, π̂, a)
}
, (9)

where V no college
o (·) is the value of not applying and having no college education, and

V apply
o (·) is the expected value of applying to college.
If a child does not apply to college, then she immediately joins the labor market,

inelastically supplying her human capital services. Thus, under no college education,

14The private education technology in this model can be interpreted as educational firms with
constant returns to scale and constant marginal cost operating in a competitive market. To illustrate
this, suppose that there is a continuum of private schools indexed by their quality, q ≥ 0. A firm’s
quality is the effective educational investment it provides to its students, that is, q = ê. The problem
of a representative firm with a given quality q is to choose the number of vacancies to supply, µ,
taking as given its price, p, to maximize profits, pµ − cµ, where c is the firm’s constant marginal
cost, given by c = q. The equilibrium conditions in those markets are p(q) = q for each q ≥ 0. If
a household chooses the private system, it must choose a type of school, q ≥ 0, paying price q and
receiving effective educational investment ê = q. In summary, in this modification we only add firms
as intermediates between households and the effective educational investment technology. Although
simple, this interpretation is useful to help us think about our model in terms of several issues, such
as how it relates to papers in the Industrial Organization literature that model educational markets
in more sophisticated ways (see, for example, Sanchez (2017)).
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the value of not applying is

V no college
o (h, π̂, a) = max

c,a′≥0
u(c) + βEπ′ [Vy(h′, π′, a′)]

subject to
c+ a′ = (1− τ)[κξwh+ ξwh′] + (1 + r(1− τ))a,

(4) and (6).

(10)

The budget constraint includes post-tax labor income from all family members com-
bined. An old parent with human capital h has labor earnings equal to κξwh and an
old child with human capital h′ has labor income equal to ξwh′. ξ > 1 and ξ < 1 are
life-cycle earnings parameters that measure, respectively, how much more productive
old parents are than young parents, and how much less productive old children than
young parents. Parameter κ represents the fraction of the time period that old parents
work. The continuation value of the old parent is the expected value function of her
own child as a young parent in the next period. This expectation is over the innate
ability distribution of the old parent’s grandchild, which follows an independent and
identically distributed log-normal distribution as in equation (1). In the case of having
no college education, the old child’s human capital h′ is determined by her innate ability
π̂ and effective educational investment in higher education equal to zero, according to
(4) and (6).

To enter either public or private college, children must apply. We assume that all
college applicants are automatically admitted to private colleges.15 The same is not
true for public college. The outcome of an application to public college is random. The
probability of admission depends on applicants’ acquired ability, and college applicants
with higher acquired ability are more likely to be admitted. The probability of admis-
sion is given by q(π̂), which is an equilibrium object that we discuss later in this section,
along with a description of the college admissions market. Taking the probability func-
tion as given, the expected value of applying to college is a combination of the value if
admitted, V admitted

o (·), and the value if not admitted, V not admitted
o (·):

V apply
o (h, π̂, a) = q(π̂)V admitted

o (h, π̂, a) + [1− q(π̂)]V not admitted
o (h, π̂, a). (11)

If an old child’s public college application is successful, she may go to either a private
or public college:

V admitted
o (h, π̂, a) = max

{
V public
o (h, π̂, a), V private

o (h, π̂, a)
}
. (12)

The value of going to a college of type s ∈ {public, private} is
15As Herskovic and Ramos (2017) describe, according to 2008 Brazilian data, there are nearly seven

times more students applying to public college than public college spots available. However, for a
private college, the ratio of applicants to private college spots is about 1.3. Moreover, only 5 percent
of public college spots are unfilled, while 50 percent of private college spots go unfilled.
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V s
o (h, π̂, a) = max

c,e,a′≥0
u(c) + βEπ′ [Vy(h′, π′, a′)]

subject to
c+ e+ a′ = (1− τ)

[
κξwh+ (1− η1 − η2)ξwh′

]
+ (1 + r(1− τ))a.

(4) and (6).

(13)

Parameter η1 represents time spent applying to college, and η2 captures time spent
studying in college. Both η1 and η2 represent opportunity costs associated with a college
education, since the old child can only work a fraction 1−η1−η2 of the period. The old
child’s human capital h′ is determined by her innate ability π̂, educational investment
e, and school type s, according to (4) and (6).

Conditional on not being admitted to public college, an old parent chooses between
enrolling her child in private college or not:

V not admitted
o (h, π̂, a) = max

{
V private
o (h, π̂, a), V no college∗

o (h, π̂, a)
}
. (14)

The problem of an old household whose child is not admitted to public college and
whose parent decides not to send her child to private college is

V no college∗
o (h, π̂, a) = max

c,a′≥0
u(c) + βEπ′ [Vy(h′, π′, a′)]

subject to
c+ a′ = (1− τ)

[
κξwh+ (1− η1)ξwh′

]
+ (1 + r(1− τ))a.

(4) and (6).

(15)

Note that this problem is the same as that of an old household that decides not to apply
to college at all, with the only difference that, in (15), the old child spends a fraction
of the time period, η1, away from the labor market with the objective of applying to
public college.

Public college admissions We model public college admissions as a competitive
market in which applicants compete for college spots. As the result of an old child’s
application, the college observes a noisy signal of her ability. This signal is interpreted
as her grade on the admissions exam, and it is determined by

log(π̂observed) = log(π̂) + ε, ε ∼ N(0, σ2
ε). (16)

Parameter σ2
ε captures the noisiness of admissions in public college. The measure of

spots available at the public college is given by exogenous parameter µ. Given the
number of college spots available, the public college admits the applicants with the
highest observed scores until all spots are filled or until there is no more demand for
spots. There is a grade point cutoff, π∗, such that every applicant with π̂observed ≥ π∗
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is admitted. The cutoff π∗ is the equilibrium variable that clears the public admissions
market. Denote by νo the mass of old children who are both admitted and choose to
study in public college. The condition for admissions market clearing is:

µ = νo if π∗ > 0,
µ ≥ νo if π∗ = 0.

(17)

That is, if the grade point cutoff is strictly positive, then all spots must be filled.
However, it is also possible that the grade point cutoff is zero and there are empty slots
in equilibrium.

Firm The representative final goods firm takes the wage rate w as given and has a
constant returns to scale production technology. The problem of the firm is

max
H≥0
AH − wH, (18)

where A is total factor productivity and H is labor. Denote by H∗ the optimal choice
of the firm.

Government The government offers public education and finances itself by taxing
households. For each student in public school and college, the government spends gy
and go, respectively. Denote by νy and νo the equilibrium mass of households that study
in public school and public college. Total public expenditures in education are given by

G = gyνy + goνo. (19)

Gross domestic product Y is given by payments distributed to production factors:

Y = wH + rA, (20)

where A is aggregate wealth. Denote by T the government’s consumption expenditures,
which do not affect households’ welfare. The condition for the government’s balanced
budget requires expenditures to be equal to revenues:

G+ T = τY. (21)

Public spending per student for college education, go, is an equilibrium variable,
while the ratio of public spending per student in the two educational stages, gy/go, the
tax rate, τ , and the proportion of GDP spent on education by the government, G/Y ,
are parameters.16

16We include the government’s consumption expenditures in the model with the goal of calibrating
τ in a way that is consistent with the taxation that we find in the data. This is important because it
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Equilibrium A Stationary Recursive Competitive Equilibrium in this economy is
given by value and policy functions, aggregate labor demand H∗, wage rate w, public
spending per student on public college go, grade point cutoff π∗, and distributions of
young and old households across state variables, such that:

1. Value and policy functions solve households’ functional equations.

2. Labor demand solves the final good firm’s problem.

3. Total resource feasibility:
Y = C + E +G+ T, (22)

where C is aggregate consumption, E denotes total household spending in edu-
cation, and G+ T are total expenditures made by the government.

4. The labor market clears: the firm’s optimal labor demand is equal to the aggregate
human capital supplied by households.

5. The mass of public college students is less than or equal to the mass of public
college vacancies, with equality if π∗ > 0.

6. The government’s budget is balanced.

7. The distributions of young and old households are constant over time and consis-
tent with the exogenous distribution of innate abilities and households’ optimal
decisions. That is, denoting the aggregate distributions (density functions) of
young and old households by µy(·) and µo(·), respectively,

µy(h, π, a) = f(π)
∫
h̃

∫
π̂

∫
ã
µo(h̃, π̂, ã)I

(
f 1
o (h̃, π̂, ã) = a

)
{
Iapply(h̃, π̂, ã)

[
q(π̂)I

(
f 2
o (h̃, π̂, ã) = h

)
+

[1− q(π̂)] I
(
f 3
o (h̃, π̂, ã) = h

)]
+[

1− Iapply(h̃, π̂, ã)
]
I
(
f 4
o (h̃, π̂, ã) = h

)}
dãdπ̂dh̃,

(23)

µo(h, π̂, a) =
∫
h̃

∫
π

∫
ã
µy(h̃, π, ã)I

{
f 1
y (h̃, π, ã) = a

}
I
{
f 2
y (h̃, π, ã) = π̂

}
dãdπdh̃,

(24)
where f(·) is the log-normal density function (omitting its dependence on variance
parameter σ2

π); I(·) is the indicator function; Iapply(h, π̂, a) indicates if the optimal
choice of the old household (h, π̂, a) is to apply to higher education; f 1

y (·) and f 1
o (·)

are asset policy functions of young and old households, respectively; f 2
y (h, π, a) is

the acquired ability that a young child in household (h, π, a) has when becoming
an old child; and f 2

o (h, π̂, a), f 3
o (h, π̂, a), and f 4

o (h, π̂, a), respectively, are functions

captures the marginal incentives that households face when making savings and education decisions.
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that yield the human capital that an old child in household (h, π̂, a) has if admitted
to public college, if not admitted to public college and if not applying to higher
education. Functions f 1

y (·), f 2
y (·), f 1

o (·), f 2
o (·), f 3

o (·), and f 4
o (·) are determined by

households’ optimal choices.

3 Calibration and benchmark equilibrium
We calibrate the model using 2002 Brazilian data.17 The model has 23 parameters,
which we separate into two groups. The first group is composed of 13 parameters, whose
values are directly obtained from the data or borrowed from the literature. Values for
the remaining ten parameters in the second group are obtained through a minimum
distance procedure, in which parameter values are chosen so that the simulated model
reproduces selected statistics related to educational choices and the labor market in
Brazil.

Table 1 displays values for parameters in the first set. First, we normalize TFP to
one. We assume that agents have constant relative risk aversion (CRRA) preferences,
u(c) = c1−σ−1

1−σ , with a risk aversion of σ. We calibrate this parameter at 1.5, which is a
reasonable parameter value considering several estimates from the literature (Restuccia
and Urrutia, 2004a). The discount factor β is calibrated at 0.947 per year, following
Berriel and Zilberman (2018). To calibrate r, we use an annual interest rate of 3.87%
before taxes (Berriel and Zilberman, 2018), implying that r = (1.0387)18 − 1.

To estimate κ, the fraction of the model period in which old parents work in the labor
market, we use 2002 Brazilian National Household Survey (PNAD) cross-section data
and find that 61 years is the lowest age value at which the majority of individuals do
not work. Therefore, we posit that old parents stop working when they reach 61 years,
implying that those agents work for 7/18 of their last period.18 We use 2002 PNAD
data to estimate life-cycle parameters ξ and ξ following a strategy similar to Restuccia
and Urrutia’s (2004a): we compare mean earnings of college-educated individuals in
the age intervals of old children, young parents, and old parents. We find that the
mean earnings of college-educated old children (old parents) are equal to 70% (128%)
of those of young parents. We follow Herskovic and Ramos (2017) and suppose that
students take one year to apply for higher education exams and that college lasts for
four years, implying that η1 = 1/18 and η2 = 4/18. According to 2002 PNAD, 11%

17We use 2002 data to calibrate the model because three important educational programs were either
implemented or expanded after this year in Brazil, and we do not include those programs in the model.
First, a government program that provides scholarships for low-income individuals to study in private
universities (ProUni) was implemented in 2004. Second, a program in which the government provides
loans to students of private universities (Fundo de Financiamento ao Estudante do Ensino Superior
(FIES)) was expanded after 2002. FIES reached 8.3% and 40% of students in private universities in
2002 and 2015, respectively (Ministério da Fazenda, 2017). Third, affirmative action programs were
implemented in several public universities starting from 2002.

18This average retirement age for Brazil is in line with Queiroz (2006).

15



Table 1: Externally calibrated parameters
Parameter Description Value Source
A Total factor productivity (TFP) 1 Normalization
σ CRRA utility 1.5 Literature
β Time discounting 0.94718 Berriel and Zilberman (2018)
r Interest rate (annual) 0.0387 Berriel and Zilberman (2018)
κ Old adult work period 7/18 2002 PNAD
ξ Life-cycle earnings (old adult) 1.28 2002 PNAD
ξ Life-cycle earnings (old child) 0.7 2002 PNAD
η1 Time spent applying to college 1/18 Herskovic and Ramos (2017)
η2 College duration 4/18 Herskovic and Ramos (2017)
µ Vacancies in public college 0.028 2002 PNAD
τ Tax rate 0.175 IBGE

G/Y Public expend. in educ. over GDP 0.035 UNESCO (2017)
gy/go Basic-tertiary expenditure ratio 0.10× (12/4) INEP

of 18- to 35-year-old individuals were either college students or had completed college.
Out of all 18- to 35-year-old college students, 25% were enrolled in a public college.
Thus, the measure of public spots is calibrated at µ = 0.028, which is 25% of 0.11.19

We calibrate τ at 17.5%, which was the government’s spending as a proportion of
GDP in 2002 according to National Accounts data. In this same year, public expen-
ditures in education (primary, secondary, and tertiary) as a proportion of GDP were
equal to 3.5% in Brazil (UNESCO, 2017).20 We use this value for G/Y . In yearly terms,
the ratio between public spending per student in basic education and college was 0.1
in 2002 (INEP).21 To calibrate gy/go, we multiply this number by 12/4 to account for
the fact that the duration of basic education is 12 years, while students take 4 years to
complete an undergraduate course in college.

Values for the remaining parameters in the model are not directly observable in the
data or cannot be borrowed from the literature. Therefore, we use a minimum distance
procedure and choose parameter values such that the model produces statistics related
to educational choices and the labor market that are close to the ones observed in the
data.

We calibrate ten parameters. Eight of these are related to the human capital func-
tion: the relative qualities of public education, αy and αo; the relative importance of

19Footnote 15 justifies using the measure of students enrolled in public college as the measure of
public spots.

20UNESCO’s data on public educational expenditures include research and development invest-
ments.

21INEP’s data on governmental education investments is composed of active staff payments, social
charges, capital investments, and research and development. It does not include retirement costs,
scholarships, student financing and interest expenses, amortizations and debt charges of the educational
area.
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Table 2: Internally calibrated parameters and targeted moments
Parameter Moment Data Model
σπ 3.85979 Standard deviation of log wages 0.9906 0.8298
σε 1.88924 College wage premium 3.2851 3.9840
αy 0.37579 Students in private school 0.1236 0.1428
αo 0.86873 Fraction of public college applicants 0.2013 0.1166
γy 0.52721 Household education expenditure (higher/basic) 0.3077 0.3764
γo 0.85139 Intergenerational correlation of wages 0.6900 0.7570
φy -8.42643 Students in private school (top wage quartile) 0.4785 0.4005
φo -3.51420 Old children with no college 0.9852 0.8959
ψ 0.00005 Old children with no college (bottom wage quartile) 0.8924 0.8834
θ 0.20921 Household education expenditure over GDP 0.0255 0.0166
Data sources: Rows 1–3 and 7–9: 2002 PNAD. Row 4: 2002 PNAD and INEP. Row 5: Herskovic and
Ramos (2015). Row 6: Dunn (2007). Row 10: 2002–2003 POF and 2002 National Accounts.

inputs, γy (h vs. êy) and γo (π̂ vs. êo); the elasticity of substitution drivers, φy and
φo; the marginal return to college educational investment driver, ψ; and a return to
scale parameter, θ. We also calibrate innate ability dispersion, σπ, and public college
admissions process noisiness, σε.

It is impractical to fully investigate the parameters’ identification in this model due
to its analytical intractability (for example, the value function is not differentiable)
and the large number of parameters to be calibrated. As usual in quantitative macroe-
conomic research, to calibrate the model, we use numerical optimization algorithms
that select a parameter vector that minimizes the mean squared error, constructed by
comparing statistics produced by the model with those obtained in the data. In what
follows, we present heuristic identification arguments based on numerical exercises that
we conduct using varying parameter values around baseline calibrated parameters. Fig-
ure A2 describes those exercises and displays their results.

Table 2 shows the parameter values obtained when using the minimum distance
procedure, together with the statistics used as targets in the calibration. Parameter σπ
is the essential source of heterogeneity in the model and, hence, is chosen to match the
standard deviation of log wages. The model generates a dispersion in labor earnings
close to that in the data. Later in this section we show that our model performs well
in terms of matching non-targeted labor earnings percentiles. Parameter σε determines
what type of students are admitted to public college. If there is no uncertainty in the
admissions process, σε = 0, then only students with high acquired ability are admitted.
As σε increases, more low-ability students are admitted due to “errors” in the admissions
process. Therefore, σε is negatively associated with–and, therefore, identified by–the
college wage premium. This statistic is equal to 3.2 in the data and is 3.9 in the model.

We obtain αy = 37.57% and αo = 86.87%, implying that public schools and universi-
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ties have a lower human capital marginal return to investment than private institutions.
We note, however, that in the baseline equilibrium, the mean effective investment in
public college is nine times higher than that in private college, reflecting a very high
public expenditure per college student. With respect to basic education, mean effec-
tive investment in private school is 3.96 times greater than that in public school. An
increase in αy (αo) is associated with a higher benefit of studying in public school (col-
lege). Therefore, αy and αo are identified by the fraction of students in private schools
and of public college applicants, respectively. The model fits the fraction of students
in private school. To compute the mass of public college applicants, we multiply the
ratio between applicants and public college spots (which equals approximately seven
(Herskovic and Ramos, 2017)) and the measure of public college spots. Given that in
reality one student can apply to more than one public exam, this statistic is biased
upwards. For this reason, we do not consider the fact that our model underestimates
this measure by 42% to be a major issue.

To calibrate γy, we fit the ratio between total household educational expenditures
in higher and basic education. Simulations show that γy is positively associated with
that moment, reflecting the fact that an increase in this parameter means that invest-
ments in basic education are less important vis-a-vis expenditures in higher education.
The transmission of a parent’s human capital towards her child occurs in the basic
educational stage. Therefore, when basic education is more important (i.e., when γo
is higher), the transmission mechanism is stronger, increasing the intergenerational
correlation of wages.22 The model does a good job reproducing these two moments.

Parameter φy is chosen to fit the measure of students in private school in the top
wage quartile. We exploit the fact that, when parents’ human capital and educational
investments are more complementary (lower φy), rich parents face strong incentives
to invest resources in their children’s education. Since private schools have a higher
quality, that is where rich parents choose to send their offspring. Setting φy = −8.4, a
value that represents an extremely high complementarity between h and êy, the model
generates the result that 40% of parents in the top wage quartile chose private schools,
which is close to the data (47%). Similarly, when complementarity between acquired
ability and higher educational investment is high (lower φo), some students need to enter
college to maintain human capital gains obtained in the previous stage. Therefore, φo
is negatively associated with the mass of children that study in college. We find that
φo = −3.5, with the model generating 89% of old children without a college education.

Parameter ψ is associated with the importance of higher education to human capital
formation. A greater ψ implies a lower marginal return to college investments and,
therefore, means that higher education is less important for human capital formation.
To calibrate ψ, we use the fact that poor households incur a high opportunity cost
for going to college, in the sense that children’s foregone wages are substantive with

22The intergenerational correlation of wages is defined as the slope coefficient obtained by regressing
the log of a child’s wage on her parent’s log wage.
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respect to household income. When ψ grows, the fraction of old children forgoing
college education in the bottom wage quartile increases. The model closely matches
this statistic.

Finally, θ determines the overall return of education investments by influencing
the concavity of the human capital production function. Therefore, it is positively
associated with total household educational expenditures as a proportion of GDP. The
model predicts a fraction of aggregate output spent on education by households equal
to 1.6%.

In the benchmark equilibrium, we find that 81% of young households choose to
send their children to public schools and make no additional educational expenditures
on top of governmental investments. This is an important finding because the additive
specification of the effective educational investment function in case of public schools in
(3) may generate crowding-out effects: given that e is positive, if gy increases, it may be
optimal for households to make e smaller in order to increase their consumption level,
potentially offsetting the impact of educational policies on human capital.

Non-targeted moments We now discuss the model’s performance in fitting statis-
tics that were not targeted in the calibration process. Figure 1 shows the ratios between
percentiles of the labor earnings distribution in the model and in Brazilian data. We
compare the 90th earnings percentile with percentiles 10, 25, 50, and 75, obtaining a
maximum absolute relative error equal to 24.7%. Given that such statistics were not
targeted in the calibration procedure, we consider the fit to be good.

Table 3 shows choices related to basic education by households’ wage quartiles.
Although choices in the top wage quartile are targeted moments, we include them in

Figure 1: Earnings distribution percentile ratios

Data source: 2002 PNAD.
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Table 3: Basic education choices by parents’ labor earnings quartiles
Data Model

Private Public Private Public
1 1.54 98.46 5.96 94.04
2 4.73 95.27 4.34 95.66
3 11.97 88.03 5.33 94.67
4 47.85 52.15 40.05 59.95

Data source: 2002 PNAD.

the table for completeness.23 Among non-targeted moments in this table, maximum
absolute error is equal to only six percentage points. In the model, the proportion of
households choosing private schools is not an increasing function of the labor earnings
quartile because there is a negative correlation of -0.28 between labor earnings and
assets among young households in the benchmark equilibrium. This happens because
households accumulate income to smooth consumption over time, and there is a cer-
tain degree of substitutability between human capital and assets in composing income.
Therefore, if a child has low ability, her parent chooses to transfer income to her mainly
through assets, rather than through human capital.

Table 4 shows the pattern of higher education choices by wage quartiles. Among
non-targeted moments in this table, maximum absolute errors in quartiles one to three
are equal to 7, 6.26, and 1.45 percentage points, respectively. With respect to the
top quartile, the model underestimates the fraction of children with no college by 16
percentage points.

Our last validation exercise is to replicate a quasi-experiment exploited by Francis-
Tan and Tannuri-Pianto (2018) to estimate the local average treatment effect on wages
of being admitted to an elite public university in Brazil. These authors investigate
the impact of 2004–2005 admissions results for the University of Brasilia on applicants’
labor earnings eight years after the selection exams. Using a regression discontinuity

Table 4: Higher education choices by parents’ labor earnings quartiles
Data Model

No college Private Public No college Private Public
1 98.52 0.98 0.49 89.59 8.02 2.39
2 95.98 2.81 1.22 89.72 7.97 2.31
3 90.83 6.62 2.55 89.57 8.07 2.36
4 68.69 23.93 7.38 84.70 10.94 4.36

Data source: 2002 PNAD.

23We do the same in Table 4.
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approach, they find that students who are admitted with a score close to the admissions
cutoff earn 12% higher wages than those who are rejected close to the threshold. They
also show that applicants who barely pass the exam do not display a statistically-
significant higher probability of having completed higher education than applicants
who are barely rejected.

According to the authors, the vast majority of applicants resided in the same city
where the university is located. Besides this, student state migration was relatively
small at that time.24 Therefore, for our purposes, the assumption that a substantive
part of the barely-rejected applicants in Francis-Tan and Tannuri-Pianto’s (2018) esti-
mation sample decided to study in private universities is not a strong one. In the model,
all students who apply but are not admitted to public college then choose to study in
private universities. Finally, since the University of Brasilia is an elite university, we
can take the authors’ 12% estimate as an upper bound for the public university wage
premium among applicants close to the exam cutoff score in the model.

We replicate the experiment in the model by simulating exam scores for applicants.
We select a subsample of applicants using the same rule as in Francis-Tan and Tannuri-

Figure 2: Replication of Francis-Tan and Tannuri-Pianto’s (2018) quasi-experiment
in the model
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Notes: This figure displays a binned scatter plot and information on regression discontinuity (RD)
estimates obtained using model simulated data. To make results comparable, we define treatment and
control groups as in Francis-Tan and Tannuri-Pianto (2018): treated agents consist of all admitted
students, while agents in the control group are those with scores greater than or equal to the 90th score
percentile among rejected applicants. For a better visualization, we crop part of the right domain in
the plot. Since we use this exercise in an indirect inference argument (Smith, 2016), we note that the
validity of this RD’s identification strategy is not a necessary condition for the effectiveness of our
validation exercise.

24In 2010, 11% of first-year students enrolled in public colleges were state migrants (Machado and
Szerman, 2016).
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Pianto (2018) and run a regression discontinuity with simulated data. We obtain a
discontinuity coefficient equal to 0.0635, implying that barely-admitted agents earn
6.56% (= exp[0.0635] − 1) higher wages than barely-rejected applicants. This value
is inside the plausible range, showing that the magnitude of the public college wage
premium is disciplined in the model. Figure 2 shows the RD plot and estimation
information.

4 Educational policy experiments
In this section we use the calibrated model to simulate educational policy experiments.
We study four policies, evaluating their impacts on macroeconomic aggregates and on
different parts of the population.

In Section 4.1, we simulate several educational policies that adopt different allo-
cations of governmental expenditures across public schools and universities. Besides
assessing their effects, we also use these experiments to investigate some of the mecha-
nisms encompassed by the model, such as general equilibrium forces and the parent-child
human capital transmission mechanism.

In Section 4.2 we implement a school voucher policy in which the government makes
educational investments for low-income children who choose to study in private schools.
In this exercise we study the model along its transition path between the steady state
before vouchers and the equilibrium after the experiment.

In Section 4.3 we simulate an increase in the number of vacancies in public colleges,
and study its effects under different allocations of public expenditures across educational
stages.

Finally, in Section 4.4 we study the impacts of implementing vouchers for private
colleges.

4.1 Reallocation of governmental expenditures across public
schools and universities

In this section we investigate the effects of policies that reallocate governmental expen-
ditures across public schools and universities. The parameter of interest in this exercise
is the basic-higher public expenditure per student ratio (gy/go). Increasing this ratio
means reallocating public expenditures (per student) from universities toward schools.

We start by simulating the effects of adopting a one-to-one annual public expenditure
per student across public schools and universities, similar to countries like Spain, Chile,
and the United States. To implement this in the model, we increase annual gy/go
from its benchmark value of 0.1 to one, and then compute the new stationary general
equilibrium. We find that gy increases by 6.8% and go decreases by 89% in the new
steady state. This large difference between proportional changes in both variables is
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Table 5: Allocating annual public expenditures per student equally across public
schools and universities

GDP -0.14
Income Gini coefficient -1.24
Intergen. corr. of wages -0.01
Consumption -0.05
Willingness to pay 0.15

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for that
in the last row, which is a percentage. This table shows macroeconomic impacts of reallocating public
expenditures per student from public universities toward public schools. The basic-higher governmental
expenditure per student ratio, gy/go, equals 0.1 (in annual terms) in the benchmark equilibrium, and
it is equal to one in the counterfactual steady state.

due to the large number of public school students and the small number of public college
students. Even with this large decrease in public college investment, all of public college
admissions spots continue to be filled in equilibrium.

If credit frictions are strong in the economy, there will be a large fraction of poor
households underinvesting in their offspring. In this case, reallocating governmental
expenditures from public universities toward schools may have a positive impact on
GDP, even after accounting for the fact that investment return might be small due
to public schools’ low quality. Contrary to this, the first row of Table 5 shows that
this educational policy has a negative and small effect on aggregate output. Rows two
to four show that economic inequality decreases by 1.24% after the policy, but that
the impacts on social mobility (intergenerational correlation of wages) and aggregate
consumption are small. The last row in the table shows a welfare measure that we
use throughout this paper. Willingness to pay is computed as the average maximum
decrease in consumption each household would be willing to pay in all periods and
contingencies of the equilibrium associated with the policy, such that their lifetime
utility equals that of the initial steady state (Chatterjee et al., 2007).25 Although
aggregate consumption falls as a result of the policy, households would be willing to
pay, on average, 0.15% of consumption in each period to implement this policy. Even
with such small average welfare gain, the policy benefits a large part of the population:
96.42% of households are better off with it.26

Table 6 shows the policy impacts on households by income quartiles. The poorest
are the most positively affected in terms of income and consumption, both increasing

25We use the aggregate distribution in the initial equilibrium to compute this statistics.
26Since the quality of public schools is low, one may ask how this policy’s effect on GDP would

change if Brazil had a higher αy. If we recompute general equilibria before and after the reallocation of
public expenditures using αy = 0.5 in both situations, we find that GDP increases by 0.8% as a result
of the policy. In Section C in the Appendix we show how a simpler model of educational choices and
public policy can rationalize the fact that the impact of a reallocation of governmental expenditures
from colleges to schools on GDP may depend on the quality of public schools.
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Table 6: Public expenditure reallocation impacts on households by income quartiles
Income quartile

1 2 3 4
Income 0.88 0.28 0.35 -0.55
Consumption 0.86 0.43 0.40 -0.26
Willingness to pay 0.24 0.21 0.16 -0.03

Notes: Numbers in the first two rows are in terms of percentage changes w.r.t. to baseline equilibrium,
and those in the last row are percentages. This table shows the differential effects of the policy
described in the previous table on households by income quartiles.

by approximately 0.87%. Since a large part of the richest households study in private
schools, and some of them go to public college, the top wage quartile is harmed by the
policy, on average. The drop in income for this group is approximately equal to the
income gain of the remaining quartiles.27

It is natural to presume that the low public school relative quality found in the
calibration (αy = 0.38) has an important role in explaining the weak impacts of the
public expenditure reallocation policy. To investigate this issue further, we simulate
the same reallocation policy, but we additionally increase the quality of public schools
exogenously. The second column of Table 7 shows the results produced by increasing
public schools’ quality to half the quality of private schools (αy = 0.5) and making
annual gy/go = 1. In this case, the effects on macroeconomic variables are much larger
than in the previous policy: GDP increases by 3.52%, inequality falls by 2%, aggregate
consumption is 3.86% higher, and households would be willing to pay, on average, 0.9%
of consumption in every period to implement this policy. The effect on social mobility
is still small.

Since αy is exogenous, the model is not capable of estimating the economic costs of
implementing such an increase in the quality of public schools. However, we can use our
framework to compute the level of taxation that would make households, on average,
indifferent between being in the benchmark equilibrium or having the policy with the
higher tax rate and greater public school quality. This taxation level is interpreted
as being driven by the maximum tax increase necessary to implement the policy that
would pass a welfare benefit-cost analysis. The last column of Table 7 shows that if
the government needs to increase taxation by less than 4.3% (from 17.5% to less than
18.3%) in order to implement this higher public school quality then the policy would
be desirable from a welfare perspective that gives equal weights to each household.

The impacts shown in the second column of Table 7 result from the combination
27In Table A3 in the Appendix, we discuss two simple methods to endogenize αy and αo by sup-

posing that they are increasing and concave functions of gy and go, respectively. That is, in these
exercises, the qualities of public schools and universities vary due to changes in per-student govern-
mental expenditures. The results obtained using this approach do not differ qualitatively from those
presented here.
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Table 7: Increasing the quality of public schools and reallocating public expenditures
Annual gy/go Accounted by
0.1 1 gy/go (%)

GDP 2.63 3.52 25.41
Income Gini coefficient -1.19 -1.99 40.01
Intergen. corr. of wages -0.35 -0.47 27.19
Consumption 2.92 3.86 24.28
Willingness to pay 0.69 0.91 23.90
Taxation-equivalent welfare 3.30 4.34 23.99

Notes: All numbers in columns one and two are in terms of percentage changes w.r.t. to baseline
equilibrium, except for those in the fifth row, which are percentages. Numbers in the last column are
in percentage terms. This table shows the effects of an educational policy that increases the quality
of public schools (w.r.t. private schools) from its benchmark level of 38% to 50%, together with
reallocating public expenditures between public schools and universities in the same manner as in the
experiment described in Table 5.

of two changes in the educational policy: the public school quality increase and the
governmental expenditure reallocation between schools and universities. The first col-
umn shows the effects of improving quality but keeping gy/go constant. While GDP
increases by 3.5% in the full policy, it increases by only 2.6% in the experiment that
does not reallocate expenditures. The difference between these two numbers quantifies
the importance of expenditure reallocation on the overall impact of the full policy. The
third column shows how much of the overall impact on each variable is attributable
to the public expenditure reallocation. For example, in the case of GDP, expenditure
reallocation accounts for 25% (= [3.519− 2.625]/3.519) of the total effect found in the
full policy. The other rows in the third column show that public expenditure realloca-
tion accounts for 40% of the decrease in economic inequality, and for approximately one
quarter of the gains in aggregate consumption and welfare. These results suggest that,
although reallocation of governmental expenditures across educational stages alone does
not produce large macroeconomic effects, it can contribute significantly to structural
educational policies that are able to increase the efficiency of public schools.

Again, the poor are the most affected by the policy. Table 8 shows that the in-
crease in mean income for the first quartile is almost twice the increase in GDP, with
consumption closely following this pattern. Differently from the last policy, the top
income quartile is also benefited. This policy affects rich households in two different
ways. On one hand, lower governmental expenditure in higher education harms college
students, a large part of whom are composed of households in the top income quartile.
On the other hand, higher public school quality may benefit even a rich household which
chooses to send its child to a private school. This occurs because public schools may
work as insurance for this household: if, in the future, the household receives a sequence
of bad shocks (that is, a series of low-ability children for several generations), higher
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Table 8: Quality improvement and public expenditure reallocation effects on
households by income quartiles

Income quartile
1 2 3 4

Income 6.05 4.44 3.85 3.64
Consumption 5.93 4.95 3.46 2.65
Willingness to pay 1.26 1.06 0.89 0.42

Notes: Numbers in the first two rows are in terms of percentage changes w.r.t. to baseline equilibrium,
and those in the last row are percentages. This table shows the differential effects of the policy
described in the previous table on households by income quartiles.

quality public schools will guarantee a greater level of human capital to its components
and, therefore, a grater level of future consumption. We find that the average welfare
gain in this group, however, is less than half the welfare gain of the other groups.

Table 9 shows households’ discrete choices before and after the educational policy.
A relatively large change is the mass of students in public schools: it grows from 86%
to 94%. The top income quartile is responsible for almost all of this change. Before the
policy, about half the richest parents choose to send their children to public schools;
after the policy, 80% choose to do so.

Such large change in the proportion of agents being benefited by governmental ex-
penditures may lead one to wonder about the importance of general equilibrium effects
in the experiments. There are two ambiguous forces that determine general equilibrium
effects with respect to the government’s balanced budget condition. On one hand, a
higher number of individuals in public schools implies that the governmental basic edu-
cation expenditure per student must be lower than in the case where the mass of public
school students does not change. On the other, a higher GDP means that governmen-
tal revenues are higher, since a constant fraction of aggregate output is directed to the
government. With respect to public colleges’ market clearing condition, it is expected
that demand increases after the policy: given that inputs in each educational stage are
complementary in the production of human capital, higher effective basic educational
investments must be followed by higher expenditures in college education for some part
of the population.

To study general equilibrium forces, we simulate the previous educational policy us-
ing a simple rule to update equilibrium variables. First, we increase annual gy/go from
0.1 to one as before, but also suppose that the mass of students in public educational
institutions and governmental revenues are the same as in the equilibrium before the
policy. Under such a hypothesis, we use the government’s balanced budget condition
equation, (21), to obtain counterfactual values for gy and go. This simple rule rep-
resents a back-of-the-envelope calculation that keeps important endogenous variables
fixed. Second, we keep the public college exam score cutoff constant. After fixing the
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Table 9: Household choices by income quartiles before and after a policy that
increases the quality of public schools and reallocates governmental expenditures

across educational stages
All Income quartile

households 1 2 3 4

Public school
Before policy 86.33 100.00 100.00 93.51 51.79
After policy 94.79 100.00 100.00 100.00 79.17

Applies to college
Before policy 11.66 0.00 0.00 9.04 37.60
After policy 12.96 0.00 0.20 12.12 39.53

Attends public college
Before policy 2.88 0.00 0.00 0.81 10.70
After policy 2.88 0.00 0.01 0.97 10.51

Attends private college
Before policy 8.78 0.00 0.00 8.23 26.89
After policy 10.09 0.00 0.19 11.15 29.02

Notes: All number are percentages. In this policy we increase the relative quality of public schools
(w.r.t. private schools) from 38% to 50%, and make annual governmental investment per student in
public schools equal to that in public universities.

counterfactual equilibrium variables, we iterate the value function and aggregate dis-
tributions, and find that the governmental deficit and public college excess demand are
equal to 6% and 9%, respectively, representing an out-of-equilibrium situation. The
second column of Table 10 shows that this simple general equilibrium updating rule
would lead us to overestimate the policy’s impact on GDP, aggregate consumption and
welfare by more than 20%, implying that taking general equilibrium forces into account
is a relevant aspect of our analysis.

In our model, parental human capital is an input of a child’s human capital. This
may be an important mechanism in terms of boosting the effects of education policies
because it generates a dynamic mechanical force associated with educational invest-
ments: if the government makes a higher education investment in a given child, then
after that child becomes a parent (with greater human capital), the return of investing
in this parent’s child (the second-generation child) will be higher than otherwise it would
have been. We can observe the importance of this mechanism by turning it off. To do
so, we first set the parameter that governs this force, γy, equal to zero, and iterate the
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Table 10: The quantitative importance of mechanisms included in the model
No parent-child

All No general human capital
mechanisms equilibrium transmission

GDP 3.52 4.39 3.31
Income Gini coefficient -1.99 -2.12 -2.15
Intergen. corr. of wages -0.47 -0.59 -0.42
Consumption 3.86 4.82 3.65
Willingness to pay 0.91 1.09 0.92

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for those
in the last row, which are percentages. The first column is the same as the second column of Table 7.
The second column shows results produced by an exercise in which we implement the educational policy
discussed in the previous table, but use a back-of-the-envelope rule to update equilibrium variables.
In the third column we turn off the parent-child human capital transmission mechanism in the steady
states before and after the policy.

aggregate distribution keeping household choices and equilibrium variables equal to the
ones in the benchmark steady state. Second, we do the same for the equilibrium after
the policy implementation. Comparing these two counterfactual equilibria, we find that
the growth in GDP generated by the policy implementation with γy = 0 is lower than
the one with benchmark γy, as expected. However, this mechanism has only a small
quantitative importance in terms of aggregate output determination: implementing the
policy in the environment without parent-child human capital transmission leads to
3.3% higher GDP, while in the benchmark environment the impact is equal to 3.5%.

This same mechanism has a distinct impact on economic inequality. All else equal,
children of rich parents have a higher human capital return from educational investment
than poor children. Therefore, increasing public expenditures in schools may lead to
higher inequality among benefited families. In fact, shutting down this mechanism
increases the educational policy’s absolute impact on inequality from -1.99% to -2.12%.
The third column of Table 10 summarizes the results of this exercise.

Remember that government’s total education expenditure is a fixed proportion of
aggregate output, G/Y . Therefore, in all the experiments presented so far, governmen-
tal education expenditure varies by the same proportion as GDP. We now investigate
educational policies that reallocate public expenditures across universities and schools
but keep total governmental education expenditures constant. We again improve the
quality of public schools and set annual gy/go equal to one. Since GDP increases in this
policy, in the first exercise we look for a (lower) taxation level that causes G to be equal
to that in the benchmark equilibrium. We find that τ needs to decrease from 17.59%
to 17.01% for G to remain constant in the new steady state. The second column of
Table 11 shows that, due to a lower taxation, average consumption increases by 4.29%.
While households would be willing to pay on average 0.9% of consumption in all pe-
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Table 11: Public school quality improvement, public expenditure reallocation, and
constant governmental education expenditures

Fixed G, adjustment variable:
Free G τ G/Y

GDP 3.52 3.26 3.06
Income Gini coefficient -1.99 -1.88 -1.92
Intergen. corr. of wages -0.47 -0.43 -0.42
Consumption 3.86 4.29 3.37
Willingness to pay 0.91 1.50 0.81

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for those
in the last row, which are percentages. This table shows the macroeconomic effects of an educational
policy that increases the quality of public schools, reallocates governmental expenditures from higher
to basic education, and keeps total public educational expenditures constant. The first column is the
same as the second column of Table 7. The second column shows results where the tax rate, τ , is
adjusted to keep total public education expenditures fixed, while the third column shows results in
which the proportion of GDP spent on governmental education, G/Y , is the adjustment variable.

riods to implement the benchmark policy, they would pay 1.5% of consumption in all
periods to have the policy that alleviates taxation. Together with high welfare gains,
this policy leads to impacts on GDP, inequality, and social mobility that are similar to
those produced by the experiment that keeps taxation fixed.

In the second exercise, we decrease the proportion of GDP directed to public edu-
cation expenditures, G/Y , to keep G constant, but keep taxation fixed. This can be
interpreted as an increase in the proportion of unproductive governmental expenditures
in the economy. G/Y decreases from 3.5% to 3.39% so that G remains fixed in the new
equilibrium. The third column of Table 11 shows the results of this exercise. Since
the proportion of wasted resources is higher, policy impacts are smaller than in the
benchmark exercise. This experiment can be used to evaluate how much of the bench-
mark policy’s effects are driven by the fact that the government is able to increase total
educational expenditures due to higher revenues in the new equilibrium. For example,
GDP increases by 3.52% in the benchmark policy, and by 3.06% in this counterfactual
policy, implying that higher governmental education expenditures are responsible for
13% (= [0.0352−0.0306]/0.0352) of the overall benchmark policy effect. With respect to
the remaining variables, the corresponding numbers are 3.3% (inequality), 12% (social
mobility), 12.7% (consumption), and 10% (welfare).

4.2 School vouchers
In this section, we study public policies that grant vouchers for private schools. Such
policies be implemented in the model by modifying the effective basic education invest-
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Table 12: School voucher policy impacts
Annual gy/go Accounted by
0.1 1 gy/go (%)

GDP 12.70 13.36 4.93
Income Gini coefficient -2.21 -2.90 23.73
Intergen. corr. of wages -2.29 -2.36 3.09
Consumption 12.71 13.39 5.12
Willingness to pay 2.15 2.35 8.62

Notes: All numbers in columns one and two are in terms of percentage changes w.r.t. to baseline
equilibrium, except for those in the last row, which are percentages. Numbers in the last column are
in percentage terms. This table shows the impacts of implementing a school voucher program that
resembles the Chilean policy in terms of scale and voucher payment magnitude.

ment function, (3), in the case of households choosing a private school, to be

êy(h, a) = vy(h, a) + e, (25)

where vy(h, a) is the voucher that the government invests in a child who has a parent
with labor earnings h and asset wealth a. This type of voucher payment is similar to
those granted in Chile, in the sense that the government awards a per-student subsidy
to private schools. We make voucher payments depend on parents’ labor earnings
and assets to allow for income targeted policies. Equation (21) must also be modified
accordingly to account for the fact that government needs to have a balanced budget,
including voucher payments.

We simulate an experiment that resembles the Chilean educational policy in three
aspects (Epple et al., 2017). First, eligible children in private schools receive exactly
the same per-student subsidy that children in public schools receive. Second, voucher
students account for approximately 50% of all basic education students in equilibrium.
Third, the annual basic-higher public expenditure per student ratio is equal to one.
In particular, we implement the following voucher policy: a student whose parent has
an income less than or equal to the median income among young households receives
subsidy gy in terms of educational investment if choosing private school.

This policy produces strong and positive impacts in the economy. Table 12 shows
that in the new steady state GDP increases by 13.36%, inequality falls by 2.9%, social
mobility is 2.36% higher, aggregate consumption increases by 13.39%, and households
would be willing to pay, on average, 2.35% of consumption in every period to implement
this policy. The explanatory power of public expenditure reallocation across educational
stages is less important in proportional terms than in the previous policy. However, it
still explains a relevant portion (23.7%) of the decrease in inequality.

Table 13 shows the impacts on households by income quartiles. Welfare gains for
households in the first two quartiles are about four times higher than for the remaining
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Table 13: School voucher policy effects on households by income quartiles
Income quartile

1 2 3 4
Income 19.82 15.46 12.68 15.69
Consumption 20.01 15.74 13.47 13.62
Willingness to pay 4.09 3.53 1.30 0.39

Notes: All numbers in the first two rows are in terms of percentage changes w.r.t. to baseline equilib-
rium, and those in the last row are percentages. This table shows the differential effects of the policy
described in the previous table on households by income quartiles.

households. Although average welfare gains for all groups are positive, this policy is
not Pareto-optimal: about 15% of households in the top income quartile are harmed
by this policy.

Note that this policy’s impact on average income is not a decreasing function of
household income quartiles: average income among households in the fourth quartile
grows more than those of households in the second and third quartiles. This is not
expected because children in poorer households receive less educational investment in
the benchmark equilibrium and, due to concavity in the human capital production
function, their returns are higher than those of richer children.

To investigate this further, Table 14 shows five decomposition exercises. Panel A
decomposes the benchmark school voucher policy’s impacts on households by income
quartile and age (young and old). The average income of young households in the
third income quartile grows more than that of those in the second quartile. The next
exercise shows that this happens because households are incentivized to be in the first
two income quartiles with the objective of benefiting from the school voucher policy. In
Panel B, we use values for the equilibrium variables equal to those in the school voucher
policy steady state, but we allow all students in private school to receive vouchers (we
call this “universal” voucher policy). In this out-of-equilibrium steady state, the mean
income of young households in the third income quartile now increases by a smaller
proportion than that of young households in the first two quartiles. Note, however,
that the growth in the average income of young households in the top quartile is still
higher than that of young households in quartiles two and three.

This non-decreasing impact on average income by household income quartiles may
be explained by the parent-child human capital transmission mechanism, since parents
with higher human capital have higher returns on educational investments. Therefore,
in Panel C of Table 14, we simulate the model in the same manner as in Panel B, with
the difference that, before and after implementing the universal voucher policy, we make
γy = 0 before iterating the value function and the aggregate distribution. Results show
that although the growth of the average income of young households in the top quartile
is smaller and closer to that of young households in the third quartile, the former is
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Table 14: Understanding the impacts of school vouchers on average income by
household income quartiles

Income quartile
1 2 3 4

Panel A. Benchmark school voucher policy
All 19.82 15.46 12.68 15.69
Young 18.65 11.13 14.91 16.87
Old 20.02 17.51 10.55 11.97

Panel B. School vouchers for all students
All 25.70 24.21 19.22 22.24
Young 25.95 22.84 20.96 23.67
Old 26.55 22.92 18.44 18.11

Panel C. No parent-child human capital transmission (+ Panel B)
All 25.71 24.49 18.67 20.81
Young 25.87 23.45 20.22 21.67
Old 26.26 23.13 18.31 18.23

Panel D. No credit market (+ Panel B)
All 23.76 25.07 20.37 20.06
Young 14.42 19.80 20.30 20.34
Old 25.49 23.74 18.76 17.62

Panel E. All exercises (Panels B, C and D)
All 24.72 25.41 23.33 24.68
Young 27.12 27.04 21.89 21.50
Old 25.83 24.05 19.81 18.81

Notes: All numbers refer to changes in average household income w.r.t. to baseline equilibrium. Each
panel shows the results produced by a different decomposition exercise. See text for details.

still higher than the latter.
Another potential mechanism leading to such non-monotonicity is related to asset

choices: we find that the human capital of old children in the top income quartile
increases by 11% in the universal school voucher policy of Panel B, while it increases by
25%, 26%, and 33% for old children in the first, second, and third quartiles, respectively.
Disregarding the transition of households between income quartiles as their age evolves
(e.g., the fact a given old household in the top income quartile among old households
will not necessarily be in the top quartile among young households in the next period),
the pattern of variation in old children’s human capital by quartiles would imply that
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savings of richer households increase more than that of other households, so that average
income grows more for the former than for the latter. In fact, after the implementation
of universal voucher policies, mean assets taken to next period increase by 25%, 26%,
-20%, and 29% for old households in quartiles one to four, respectively.

To investigate this, we compute steady states before and after implementing the
universal voucher policy without allowing households to choose non-zero assets. Panel
D of Table 14 shows the impacts of implementing the universal voucher policy in such
an environment. In this case, the impact on mean income is an increasing function of
income quartiles among young households.

Finally, we simulate the model using the two previous ideas simultaneously. That
is, we make γy = 0 and fix asset choices equal to zero for all households before iterating
the value function and aggregate distributions. Panel E in Table 14 shows the impacts
of adopting a universal school voucher policy in such an environment. In this case, the
policy impact on mean income is now a decreasing function of income quartiles among
young and old households.

The previous discussion shows that the non-monotonicity of the benchmark school
voucher’s policy impacts on average income by households’ income quartiles happens
because of three reasons. First, the policy introduces the incentive for households to
stay or fall below the income threshold that determines voucher recipients. Second, the
parent-child human capital transmission mechanism tends to result in larger gains for
richer households under the policy. Third, the average income of households in the top
income quartile grows more than for other households because that group is able to
accumulate a higher amount of asset wealth.

All policy evaluations presented so far in this paper are comparisons between vari-
ables in different steady states. Next, we investigate the economy’s transition between
the equilibrium before school vouchers and the new steady state with the policy. To
compute this transition, we suppose that households do not predict the policy imple-
mentation.28 Figure 3 shows GDP and income inequality along the transition path
generated by the implementation of school vouchers. Figure 3a shows that, in the first
period in which the policy is implemented (i.e., in the first 18 years), GDP barely
changes because the policy only affects young children, who do not participate in the
labor market. In the next period (years 19 to 36), the first cohort of students affected
by the policy become old children and join the labor market, leading to a GDP increase
of 2.5%. In the third period, after the first cohort of impacted agents reaches adulthood
and the second cohort starts working, GDP is 7.5% higher. Overall, we find that the
policy’s effects occur slowly over time: it takes more than one hundred years for the
long-run impact on GDP to be reached.

Figure 3b shows the experiment’s impact on income inequality along the transition.
The Gini coefficient is practically unchanged in the period of policy implementation.

28The algorithm for computing transitions in the model is described in Appendix B.
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Figure 3: Transition between steady states in the school voucher policy
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Notes: Numbers on the vertical axes are in terms of percentage changes w.r.t. to baseline equilib-
rium. The figures show GDP and inequality along the transition path between the benchmark steady
state (year zero) and the stationary equilibrium generated by an unforeseen school voucher policy
implementation.

However, after 36 years the variation in inequality reaches more than two thirds of its
long-run change. Note that, in the fourth period (years 55 to 72), inequality is higher
than in the previous years. This happens because the fourth period is the first in which
all living cohorts have integrated school vouchers in their schooling years. That is, the
policy’s impacts on inequality in the second and third periods are potentialized by the
fact that, for some cohorts, there were no vouchers when they were young children and,
therefore, inequality among each of these non-treated cohorts is higher.
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4.3 Increasing vacancies in public colleges
In this section we investigate the impact of increasing the number of vacancies in public
colleges. We simulate a large increase in spots, µ, from 2.8% to 10% of potential
applicants. Although there are more spots available in public colleges after this policy,
all equilibria discussed in this section are characterized by 100% of vacancies being
filled. Table 15 shows the policy’s impacts for the case of no reallocation of public
expenditure across educational stages (benchmark annual gy/go = 0.1) and of a one-
to-one per student public expenditures across stages (annual gy/go = 1). For the
benchmark gy/go, the policy leads to 1% higher inequality and to small effects on the
other macroeconomic variables. However, if followed by public expenditure reallocation,
the policy decreases inequality by one percent and generates small welfare gains on
average.

Table 16 shows the effects on households by income quartiles. For the case of
constant gy/go, increasing vacancies leads to 14% lower gy and go in the new steady
state. Average income and consumption for the poorest households is approximately
1.8% lower, while average income for the two top quartiles grows by 1.3% and 3%. For
annual gy/go = 1, gy increases by 6%, while go is 90% lower in the new equilibrium. Note
that the growth on average income and consumption for the first three income quartiles
is higher than in the case in which expenditures are reallocated but the number of public
college vacancies is kept constant (Table 6). For the top income quartile, average income
and consumption fall by a smaller amount than in the policy that keeps the number of
vacancies fixed.

Tables A4 and A5 in the Appendix show the effects of a policy in which, together
with increasing the number of vacancies and reallocating public expenditures, the qual-
ity of public schools increases from its benchmark level, 0.38, to 0.5. In general, this
policy produces smaller macroeconomic effects than the one in which the number of
spots in public colleges is kept fixed (Table 7). The other difference is that households
in the two top income quartiles gain more with this policy than when the mass of spots
is kept constant, while the opposite happens for the two bottom quartiles.
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Table 15: Increasing number of vacancies in public college
Annual gy/go
0.1 1

GDP -0.11 0.26
Income Gini coefficient 1.06 -1.03
Intergen. corr. of wages 0.07 -0.05
Consumption -0.35 0.33
Willingness to pay -0.31 0.17

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for those
in the last row, which are percentages. This table shows the impacts of implementing a policy that
increases the supply of spots in public college under different allocations of governmental expenditures
across educational stages.

Table 16: Impacts of increasing number of vacancies in public college by households’
income quartiles

Income quartile
1 2 3 4

Panel A. Annual gy/go = 0.1
Income -1.82 -0.74 1.36 3.19
Consumption -1.77 -0.95 0.65 2.97
Willingness to pay -0.54 -0.46 -0.31 0.07

Panel B. Annual gy/go = 1
Income 1.03 0.70 0.47 -0.39
Consumption 1.01 0.78 0.65 -0.18
Willingness to pay 0.23 0.20 0.17 0.07

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for
those in the rows associated with “willingness to pay”, which are percentages. This table shows the
differential effects of the policy described in the previous table on households by income quartiles.
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4.4 College vouchers
We now study the implementation of vouchers for private colleges. Similar to the case
of school vouchers, we include this policy in the model by modifying the effective higher
education investment function, (4), in the case of households choosing a private college,
to

êo(h, a) = vo(h, a) + e, (26)

where vo(h, a) is the voucher that the government invests in an old child who has a
parent with labor earnings h and asset wealth a. We also include voucher payments on
governmental expenditures in equation (21).

Similar to school vouchers in Section 4.2, we simulate a policy in which the govern-
ment makes a per-student investment, go, in each old child whose parent has income
less than or equal to the median, and who choose to attend a private college.29 Table
17 shows the impacts for different allocations of per-student governmental expenditures
across schools and universities: annual gy/go is equal to 0.1 and one. The policy has
small effects on most macroeconomic variables, but leads to 0.77% higher inequality in
the first case and to a 1.23% lower Gini coefficient in the second case.

Table 18 shows the policy’s impacts on households by income quartiles. The policy
in which annual gy/go is equal to 0.1 benefits mainly the top income quartile, while mean
income and consumption decrease by approximately 1.8% for the poorest households.
However, if the policy is followed by an increase in gy/go, the first three income quartiles
are benefited by higher mean income and consumption. It is interesting to compare
the results of this policy with those produced by the policy that only sets gy/go equal
to one but does not implement college vouchers (Tables 5 and 6). We find that imple-
menting college vouchers on top of reallocating public expenditures from higher toward
basic education benefits mainly households in the middle of the income distribution–for
example, the growth in the mean income of households in the second income quartile
in the policy with college vouchers is twice the increase that these households see in the
policy in which there is only public expenditure reallocation.

29An old parent’s income is composed of her labor earnings and her household’s asset wealth.

37



Table 17: Implementing vouchers for private colleges
Annual gy/go
0.1 1

GDP -0.32 -0.02
Income Gini coefficient 0.77 -1.23
Intergen. corr. of wages 0.08 -0.02
Consumption -0.53 0.06
Willingness to pay -0.28 0.16

Notes: All numbers are in terms of percentage changes w.r.t. baseline equilibrium, except for those in
the last row, which are percentages. This table shows the impacts of implementing a college voucher
policy in which the government pays a per-student educational subsidy to targeted students who choose
to study in private colleges.

Table 18: The impacts of implementing vouchers for private colleges by household
income quartiles

Income quartile
1 2 3 4

Panel A. Annual gy/go = 0.1
Income -1.82 -0.69 1.50 3.20
Consumption -1.76 -0.86 0.95 2.93
Willingness to pay -0.46 -0.44 -0.27 0.05

Panel B. Annual gy/go = 1
Income 0.85 0.48 0.42 -0.60
Consumption 0.82 0.60 0.55 -0.30
Willingness to pay 0.22 0.20 0.18 0.05

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for those
in the last row, which are percentages. This table shows the differential effects of the policy described
in the previous table on households by income quartiles.
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5 Conclusion
In this paper, we study the allocation of public educational expenditures between basic
and higher education from a quantitative macroeconomic perspective. We construct
a general equilibrium model that features heterogeneous agents, credit frictions, basic
and higher education, public and private educational institutions, and complementarity
between human capital inputs. The model is calibrated using Brazilian data.

We simulate a policy that reallocates governmental expenditures from universities
toward schools to mimic the allocation of public per-student expenditures of countries
such as Spain and the United States. We find that this policy’s impacts on macroeco-
nomic variables are small. However, if this reallocation is paired with an increase in
the quality of public schools, the macroeconomic effects are significant: GDP increases
by 3.5 percent, inequality falls by 2 percent, and welfare gains are moderate. The real-
location channel accounts for one quarter of this policy’s impact on GDP and welfare,
and for 40 percent of the fall in inequality. This suggests that, although reallocation
of governmental expenditures across educational stages alone does not produce large
macroeconomic effects, it can contribute significantly to educational policies that are
able to increase the efficacy of public schools.

We simulate a school voucher policy that resembles the Chilean experience in terms
of program scale and voucher payment magnitude. We find that this policy has large
effects on the economy, increasing aggregate output by 13 percent, average consump-
tion in the bottom income quartile by almost 20 percent, and generating large welfare
gains. This result suggests that voucher programs may be a promising alternative for
developing countries with low-quality public schools.
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Appendix

A Additional tables and figures

Table A1: Proportion of students in private schools by quartiles of PISA’s index of
economic, social, and cultural status across countries

Quartile
1 2 3 4

Argentina 17.4 24.9 37.8 64.5
Australia 21.6 35.1 46 60.6
Brazil 1.2 2.9 9.2 36
Colombia 2.3 8.8 20.6 46.6
Panama 1.5 6.3 23.5 68.1
Peru 2.5 11.8 24.9 49.5
Spain 17.7 27.3 38.1 53.5
United States 1 3.9 8.7 21.9
Uruguay 0.9 4.7 18.4 48.3

Notes: Values are percentages. The PISA index of economic, social, and cultural status combines
information on parental occupational status, parental education, and home possessions.
Data source: PISA (2012).
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Table A2: Difference between private and public schools across countries

Private− Public
Negative Insignificant Positive

Students skipping a whole day of school 14 29 4
Index of disciplinary climate 3 36 18
Index of student behaviour hindering learning 34 21 1
Index of teacher support in science lessons 6 36 15
Index of school efforts to involve parents 10 32 14
Index of parental involvement in school–related activities 3 8 3
Parents considering school reputation important 0 8 6
Index of shortage of educational material 34 20 2
Percentage of fully certifed teachers 17 27 9
Science teachers participating in professional development 5 38 10
Index of shortage of education staff 34 21 1
Time spent in regular science lessons per week 4 30 13
Index of creative extracurricular activities 1 37 19

Notes: This table shows several criteria related to education quality evaluated by PISA. Data is
collected through interviews with students, school principals, teachers, and parents. PISA aggregates
statistics derived from such interviews and, for each country and criterion, provides the result of
a hypothesis test that evaluates the difference between average performance of private and public
schools (null hypothesis is Private − Public = 0). For each criterion, the table shows the number of
countries for each possible result of these hypothesis tests (negative/positive significant difference and
statistically insignificant difference).
Data source: PISA (2016).
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Table A3: Endogenizing αy and αo through a simple approach

Experiment
1 2

αy (level) 0.39 0.38
αo (level) 0.18 0.80
gy 6.37 5.95
go -89.27 -89.31
GDP 0.40 -0.18
Income Gini coefficient -1.42 -1.27
Intergen. corr. of wages -0.08 -0.01
Consumption 0.48 -0.09
Willingness to pay 0.25 0.16

Notes: Values are in terms of percentage changes w.r.t. baseline equilibrium, except for those in the
first two rows, which are in level, and those in the last row, which are percentages. In Experiment 1, we
assume that the quality of public educational institutions are determined by per-student governmental
expenditures through a concave technology, αi = λ1g

λ2
i for i = y, o. With values of {αi, gi}i=y,o in

the benchmark equilibrium, we solve for λ1 and λ2, obtaining λ1 = 11.94 and λ2 = 0.71. Then, after
setting a counterfactual value for gy/go, we look for the general equilibrium where αy and αo are
determined endogenously by gy and go, respectively. In Experiment 2, we posit that αi = gλi

i for
i = y, o, obtaining λy = 0.2 and λo = 0.03. The table shows the impacts of implementing the policy
where the annual gy/go increases from 0.1 to one.
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Table A4: Increasing the number of vacancies in public colleges and the quality of
public schools, and reallocating public expenditures

GDP 3.17
Income Gini coefficient -2.00
Intergen. corr. of wages -0.43
Consumption 3.53
Willingness to pay 0.87

Notes: All numbers are in terms of percentage changes w.r.t. to baseline equilibrium, except for that
in the last row, which is a percentage. This table shows the impacts of offering a greater number of
spots in public colleges, increasing the relative quality of public schools (w.r.t. private schools) from
38% to 50%, and making annual gy/go = 1.

Table A5: Increasing the number of vacancies in public colleges and the quality of
public schools, and reallocating public expenditures across educational stages:

impacts on households by income quartiles

Income quartile
1 2 3 4

Income 5.49 4.48 3.15 2.27
Consumption 5.45 4.73 3.67 2.48
Willingness to pay 1.09 1.05 0.86 0.49

Notes: Numbers in the first two rows are in terms of percentage changes w.r.t. to baseline equilibrium,
and those in the last row are percentages. This table shows the differential effects of the policy
described in the previous table on households by income quartiles.
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Figure A1: Basic-higher public expenditure per student ratio and GDP per capita
across countries
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Figure A2: Identification of parameters
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Notes: Each plot shows how a targeted moment in the vertical axis is affected by a parameter in
the horizontal axis in general equilibrium. The vertical line shows the calibrated parameter value.
To construct a plot, we run the model for different values of a given parameter, fixing the remaining
parameters at baseline calibration numbers (Table 2).
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B Numerical issues

B.1 Benchmark equilibrium computation and calibration
Calibration and computation of the benchmark equilibrium requires three steps: an
inner loop, where value function and aggregate distribution are iterated until conver-
gence; a middle loop, where equilibrium variables are obtained; and an outside loop,
where parameters are chosen so that the model fits targeted statistics in the data.

We discretize the state space using grids for h, π, π̂, and a using 15 points for π
and 45 for the remaining variables. In the benchmark equilibrium, the maximum mass
across young and old household types is 0.71% and 0.76%, respectively, suggesting that
grid sizes are appropriate. Restuccia and Urrutia (2004a) use 15 points for π and 60 for
h and π̂.30 Given benchmark equilibrium variables, iterating the value function and the
aggregate distribution using 15 points for π and 60 for the remaining variables produces
a similar simulation: public deficit and excess demand for public college enrollment
spots continue to be small (approximately equal to 1%), and the maximum absolute
difference between calibration targeted moments in the model with benchmark and
larger grids is equal to 3%.

Since the household’s problem includes discrete choices, the value function is not dif-
ferentiable due to it having kinks. Furthermore, in policy experiments, value functions
may be discontinuous because a policy may be targeted to specific types of households.
Because of this, we use the grid search method to solve the household’s problem. The
educational expenditure log-spaced grid has 100 points, and the asset choice grid is the
same as the state space asset grid. Running the model using a grid with 500 points
for educational expenditures does not significantly change the simulation: the 99th per-
centile absolute difference between educational policies obtained with the small and
large grids is 36% if we weight all points equally, and is 15% if we use the stationary
aggregate distribution associated with the larger grid. Moreover, given benchmark equi-
librium variables, iterating the value function and aggregate distributions using a larger
educational expenditure grid produces a similar simulation in terms of aggregates: pub-
lic deficit and excess demand in public college are small (equal to approximately 1% and
0.001%, respectively), and the maximum absolute difference between targeted moments
in the model with benchmark and larger educational expenditure grids is 6.4%.

We use Fortran 90 to simulate the model. Finding a general equilibrium takes
approximately 30 minutes using 20 Xeon processors. Calibrating the model takes more
than one thousand general equilibrium computations.

30See Restuccia and Urrutia (2004b).
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B.2 Transition between steady states
We use the following algorithm to compute transitions, which is based on Kambourov
(2009):

1. Compute the initial and final steady states.

2. Assume the transition takes N periods.

3. Guess the path of equilibrium variables along the transition, Θ = {go(t), π∗(t)}Nt=1.

4. Given Θ, compute the value and policy functions going from the last transition
period to the first one (backwards).

5. Given the value and policy functions along the transition, iterate the aggregate
distribution from the first transition period to the last (going forward).

6. Evaluate market clearing conditions (the government’s balanced budget and pub-
lic college entry) in all periods. If there is no market clearing in all periods, update
Θ and go back to step 4; if it holds for all periods, go to next step.

7. Evaluate whether the aggregate distribution in the last transition period is suf-
ficiently close to that in the final steady state. If it is not, increase N and go
back to step 3; if aggregate distributions are sufficiently close to each other, the
computation is complete.
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C A simple model of educational choices and public
policy

In this section, we develop a simple model that contains several features present in the
complete model, such as public and private schools, and public colleges with a limited
number of vacancies. This model’s simplicity allows us to study some mechanisms in a
clearer way than in the more complex model presented in Section 2. In particular, we
use this simple model to study conditions under which reallocating public expenditures
from public colleges to public schools leads to higher aggregate output.

There are two periods. In the first period, all agents receive basic education. There
are both private and public schools. Private schools a provide higher human capital
return than public schools, but charge a positive price, while public schools are tuition-
free. In the second period, agents can choose to apply for public college. There are a
limited number of vacancies in public universities, and only students with the highest
grades are admitted. There is no private college. All agents work in period two. An
agent’s labor earnings are equal to her human capital.

Agents are characterized by a pair of variables (w, π), where w is the agent’s income
(endowment) in the first period, which can be used for consumption or for paying
private school, and π is the agent’s innate ability, which is one of the inputs of the
human capital production function. There are two levels of income in the first period,
wL < wH , and two levels of innate abilities, πL < πH . Denote by ωij the mass of agents
of type (wi, πj).

We define acquired ability, π̂, as the human capital that an agent has in the stage
immediately after completing basic education. For an agent with innate ability π,
acquired ability is determined by

π̂ =

q0π if agent chooses public school,
q1π if agent chooses private school.

(27)

Parameters q0 > 1 and q1 > 1 reflect the qualities of public and private schools, respec-
tively. We suppose that private school’s quality is higher than public school’s, q1 > q0.
For an agent with acquired ability π̂, human capital is given by

h =

π̂ if agent does attend college,
q2π̂ if agent studies in a public college,

(28)

where q2 > 1 denotes the human capital return of a college education.
There is a limited mass of vacancies in public colleges, 0 < µ < 1. Public universities

imperfectly observe the acquired abilities of agents who apply for admission. An agent’s
observed acquired ability is given by her acquired ability times a standard uniform
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shock:
π̂observed = επ̂, ε ∼ U [0, 1]. (29)

Public university admits the agents who apply and have higher observed acquired
abilities until all vacancies are filled or until there is no more demand for spots. There
is a grade point cutoff, π∗, such that an applicant is admitted if and only if her observed
acquired ability is greater than or equal to π∗. This grade point cutoff is determined in
equilibrium, which we discuss later. Using properties of the uniform distribution, the
probability of an agent with acquired ability π̂ being admitted is

p(π̂|π∗) = Pr(επ̂ ≥ π∗) = Pr
(
ε ≥ π∗

π̂

)
=


0 if π∗

π̂
> 1,

1 if π∗

π̂
< 0,

1− π∗

π̂
otherwise

(30)

if this agent applies to college, and zero otherwise.
In the first period, an agent chooses between public and private basic education. If

she decides to study at a private school, she must pay price ζ > 0, which is exogenous.
We denote by s1 an agent’s decision in period one, where s1 = 0 denotes choosing
public school and s1 = 1 denotes choosing private school. The budget restriction of a
type-(w, π) agent in the first period is

c1 + ζs1 = w, (31)

where c1 denotes consumption in period one. Note that there are credit restrictions: a
(wL, πH) agent has the same funds as a (wL, πL) agent to invest in education, although
the former has higher expected future earnings than the latter, all else equal.

In the second period, an agent chooses whether or not to apply to public college.
If she decides to apply, she must pay a monetary cost ϑ > 0, which is exogenous. We
denote by s2 an agent’s decision in period two, where s2 = 0 denotes choosing not to
apply to public college and s2 = 1 denotes choosing to apply. The budget restriction of
an agent with human capital h in the second period is

c2 + ϑs2 = h, (32)

where c2 denotes consumption in period two.
Agents have linear utility, u(c) = c.31 Denote s = (s1, s2) the vector of choices

in the two periods. An agent takes π∗ as given and chooses s ∈ {0, 1}2 to maximize
lifetime expected utility. We assume that there is no time discounting. The problem of

31Linear utility makes the cost of applying, ϑ, equivalent to a utility cost, which can be interpreted
as the effort that students make to prepare for exams.
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a type-(w, π) agent is
max
s∈{0,1}2

u(c1) + E [u(c2)]

subject to
(27), (28), (30), (31), and (32),

(33)

where the expectation is taken over shocks that affect observed acquired ability.
Next, we define equilibrium in this economy.

Definition 1. An equilibrium is given by a college grade point cutoff π∗ such that:

1. Agents maximize expected lifetime utility taking π∗ as given,

2. The mass of public college students is less than or equal to the mass of public
college vacancies, with equality if π∗ > 0.

Equilibrium condition 2 states that if π∗ > 0, then the mass of students in college
must be exactly equal to the mass of vacancies. Additionally, equilibrium also allows
for the case in which there are empty spots in public colleges.

We will study an equilibrium where low-income agents study in public school, high-
income agents study in private school, low-ability agents do not apply to college, and
high-ability agents do apply. We choose to generate these choices in the model for
two reasons. First, data on developing countries show that private schools are attended
mainly by high-income students. Second, the case where low-ability agents do not apply
to college is mathematically more tractable in the analysis that we conduct later in this
section. The next proposition shows conditions for the model to produce such choices.

Proposition 1 (Agents’ optimal choices). If the following conditions hold:

1. ζ > wL,

2. ϑ <
(

1− π∗

q0πH

)
(q2 − 1)q0πH ,

3. ζ < (q1 − q0)πL,

4. ϑ > πLq1(q2 − 1),

5. ϑ− ζ > πL(q0q2 − q1),

6. ζ < πHq2(q1 − q0),

7. ζ + ϑ > πH(q1 − q0),

then

1. (wL, πL) agents choose s = (0, 0),

2. (wL, πH) agents choose s = (0, 1),
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3. (wH , πL) agents choose s = (1, 0),

4. (wH , πH) agents choose s = (1, 1).

Proof. See Appendix C.1.1.

Next, we interpret conditions in Proposition 1. The first condition says that the
income of poor agents is less than the price of private school. This naturally causes all
poor agents to choose public schools. Condition two induces (wL, πH) agents to apply for
college, defining an upper bound on the cost to apply. This condition also implies that
(wH , πH) agents apply, since their income in the second period is higher than a (wL, πH)
agent’s. Condition three makes (wH , πL) choose private schools through restricting the
price. The fourth condition defines a lower bound on ϑ to make (wH , πL) agents decide
not to apply. This condition also implies that (wL, πL) agents do not apply, since their
income in the second period is lower than a (wH , πL) agent’s. The fifth condition implies
that a (wH , πL) agent prefers (1, 0) over (0, 1); that is, she prefers a lower consumption
in the first period and abdicating a college education in order to have better basic
education and greater consumption in the second period. Condition six puts an upper
bound on the price of private education to make (wH , πH) agents choose private schools.
The last condition makes (wH , πH) agents prefer (1, 1) over (0, 0).

If the conditions stated in Proposition 1 hold, high-ability agents apply to college,
and low-ability agents do not. Suppose that the mass of applicants is greater than the
mass of vacancies, ωLH +ωHH > µ, so that there are no empty vacancies in equilibrium.
The condition for college market clearing in this case is:

ωLH p(q0πH |π∗) + ωHH p(q1πH |π∗) = µ, (34)

where we use the fact that π̂ equals q0πH and q1πH for agents of type (wL, πH) and
(wH , πH), respectively. We look for an equilibrium where both types of high-ability
individuals have positive probabilities of being admitted. From equation (30), for this
to happen we must have 0 < π∗

q0πH
< 1. Supposing that this is true and substituting

(30) in (34), we can solve for π∗:

π∗ = q0q1πH(ωLH + ωHH − µ)
ωLHq1 + ωHHq0

. (35)

With this closed form solution for π∗, it is straightforward to verify that a necessary
and sufficient condition for 0 < π∗

q0πH
< 1 is µ > ωLH(q1−q0). This condition guarantees

that (wL, πH) individuals have a positive probability of being admitted. It also implies
that (wH , πH) agents have a positive probability of being admitted because they have
higher acquired ability. Denote by pL (pH) the equilibrium probabilities of a low-(high-)
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income, high-ability agent being admitted to college.32

GDP in the second period is given by the sum of expected human capital of all
agents weighted by their masses:

Y = ωLLq0πL + ωLHpLq0q2πH + ωLH(1− pL)q0πH

+ ωHLq1πL + ωHHpHq1q2πH + ωHH(1− pH)q1πH .
(36)

We now study the conditions under which there is overinvestment in public college in
this economy. We define overinvestment in public college (w.r.t. GDP) as the situation
where reallocating public expenditures from college towards public basic education,
keeping total educational expenditures fixed, leads to higher GDP. For now, suppose
that public college quality is a function of public school quality, q2(q0). This function
describes how the government produces education quality for a given fixed level of total
expenditures. To increase public school quality, college quality must decrease, so that
∂q2/∂q0 < 0. Later in this section we show how this relationship can be generated
through production functions for q0 and q2 and a budget balance condition for the
government.

We can use the GDP equation (36) to gain some insights into how aggregate output
reacts to an increase in the quality of public schools and a corresponding decrease
in the quality of colleges. A variation in q0 and q2 affects (i) the productivity that
individuals gain from educating themselves (i.e., terms q0 and q2 themselves), and (ii)
the distribution of agents who enter college (i.e., terms pL and pH). First, a higher
q0 increases the human capital of (wL, πL) and (wL, πH) agents (call this the “positive
quality effect”), all else equal, but a lower q2 decreases the human capital of high ability
agents who are admitted into college (call this the “negative quality effect”). Second,
this variation in q0 and q2 increases the probability of low-income agents entering college,
pL, since their acquired ability depends positively on q0. At the same time, it decreases
pH because the acquired ability of (wH , πH) agents is kept constant, q1πH . We call this
“college reallocation effect” the composite effect of a higher proportion of low-income
agents entering college, counterbalanced by fewer high-income agents being admitted.

Note that the college reallocation effect has a negative impact on GDP. This hap-
pens because the acquired ability of (wL, πH) agents, q0πH , is lower than (wH , πH)
agents’, q1πH . Thus the final human capital of low-income college students is lower than
high-income college students’. Because of this, the isolated effect of a higher (lower)
proportion of low-(high-) income agents studying in college results in lower aggregate
output.

This discussion shows that there are some mechanisms through which a higher q0

32Substituting (35) in (30), we can find expressions for pL and pH :

pL = 1− q1

(
ωLH + ωHH − µ
ωLHq1 + ωHHq0

)
, pH = 1− q0

(
ωLH + ωHH − µ
ωLHq1 + ωHHq0

)
.
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and lower q2 affect GDP positively, while there are others that produce the opposite
effect. The next proposition shows conditions such that the positive effects prevail over
the negative effects.

Proposition 2 (Overinvestment in public college). If the following conditions hold,
there is overinvestment in public college, i.e., ∂Y/∂q0 > 0:

1. 1 > q2

(
q1 − q0

q1

)(
1− ωLH

ωLH + ωHH

)
,

2. ωLL > −
(
∂q2

∂q0

)(
πH
πL

)
q̃µ,

where
q̃ = ωLHpLq0 + ωHHpHq1

ωLHpL + ωHHpH
(37)

is the mean basic education quality of individuals that are admitted into college.

Proof. See Appendix C.1.2.

The two conditions in Proposition 2 are obtained by requiring that some specific
positive effects on aggregate output be larger than the negative effects. The first con-
dition is implied by requiring that the negative effect of college reallocation on GDP
is outweighed by the human capital gain of (wL, πH) agents who are not admitted
into college, due to higher q0. Note that this condition is satisfied when a combina-
tion of the following circumstances holds: (i) q2 is low, (ii) the gap between q1 and
q0 is small, and (iii) the proportion of (wL, πH) agents among high-ability individuals
is high. Those conditions are intuitive. To think about condition (i), let us consider
the situation where one high-ability poor agent (with acquired ability π̂LH) substitutes
for one high-ability rich individual (π̂HH) in college. The change in GDP derived from
this substitution is given by the difference between the human capitals of the two in-
dividuals, q2π̂LH − q2π̂HH = q2(π̂LH − π̂HH). Note that this difference is negative and,
importantly, is more negative as q2 increases. The interpretation of (ii) relies on the
same intuition as (i): simply note that π̂LH = q0πH and π̂HH = q1πH . Condition (iii)
is related to the fact that, the higher the proportion ωLH is, the bigger the aggregate
gain derived from the increase in q0 for (wL, πH) agents who are not admitted is.

The second condition is obtained by requiring that the GDP gain due to higher q0

for (wL, πL) agents prevails over the GDP loss driven by lower q2 for agents admitted in
college (the negative quality effect). This condition is satisfied when a combination of
the following holds: (i) ωLL is high, (ii) ∂q2/∂q0 is close to zero, (iii) πH/πL is low, (iv) q̃
is small, or (v) µ is small. First, the higher ωLL is, the larger the number of individuals
who benefited from higher q0 is. Second, the closer ∂q2/∂q0 is to zero, the smaller the
decrease in the quality of public college is. Third, the GDP gain (loss) due to higher q0

(lower q2) is amplified by the innate ability of affected individuals. Since (wL, πL) agents
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study in public school and high-ability agents apply to college, πH/πL needs to be low
so that this amplification effect does not become sizable. Fourth, similar to the previous
point, basic education quality amplifies the absolute human capital decrease driven by
lower q2. Therefore, one of the negative forces produced by lower q2 is proportional
to the basic education quality of admitted individuals, q̃. Finally, the lower µ is, the
smaller the proportion of individuals negatively affected by a decrease in q2 is.33

Using a richer model calibrated to Brazil, we find in Section 4.1 that reallocating
governmental expenditures from public universities toward schools leads to lower GDP.
To study this result, we conduct an exercise that answers the following question: how
would this policy’s effect change if Brazil had better public school quality? We recom-
pute general equilibria before and after the reallocation policy using a higher value for
the quality of public schools in both situations, and find that GDP increases in this
case.

Although both models are different, we can compare this quantitative result with
Proposition 2. The simple model in this section can rationalize that quantitative result
through the second term in the right hand side of the inequality in item 1, which says
that, if the quality of public schools is not too low, then the reallocation policy leads
to higher GDP.

We now show how function q2(q0) can be generated through additional objects in
the model. Suppose that the qualities of public school and college are determined by
the amount that the government invests per student in school, g0, and college, g2:

q0 = α0g
κ0
0 , q2 = α2g

κ2
2 . (38)

That is, q0 and q2 are increasing functions of g0 and g2, respectively, with slope param-
eters α0, α2 > 0 and concavity parameters κ0, κ2 ∈ (0, 1). Higher slope and concavity
parameters reflect more efficient technologies.

Denote by G the government’s total expenditure on education. In this section we do
not model explicitly how the government finances itself to obtain funds for educational
expenditures. However, since G does not vary in this analysis, there is no problem in
interpreting agents’ income in the first period, wL and wH , as after-tax income. Total
public spending is given by the sum of educational expenditures per student times the
mass of students for each level of public education. Using agents’ optimal choices,

G = g0(ωLL + ωLH) + g2µ. (39)

Equations (38) and (39) link q2 and q0. First, invert the first equation in (38) to get
g0(q0). Second, substitute this in (39) and isolate g2 to get g2(q0). Finally, substituting

33The subset of the parameter space such that pL, pH ∈ (0, 1) and the conditions in propositions
1 and 2 hold is non-empty. For example, all conditions hold for the following parameter values:
wL = 0.25, wH = 0.75, πL = 1, πH = 5, ωLL = 0.5, ωLH = 0.3, ωHL = 0.1, ωHH = 0.1, µ = 0.375,
q0 = 1, q1 = 2, q2 = 1.5, ∂q2/∂q0 = −0.1, ζ = 0.5, and ϑ = 2.
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this into the second equation in (38) gives us

q2(q0) = α2

{
1
µ

[
G−

(
q0

α0

) 1
κ0 (ωLL + ωLH)

]}κ2

. (40)

Note that the interpretation of function q2(q0) is exactly the one that we discussed
before: it describes how q2 is determined as a function of q0, supposing that total
government expenditures G are fixed. If the government increases q0 through higher
expenditures per student in public schools, g0, then g2 must decrease for G to remain
constant, leading to a smaller q2.

To study the substitution between q2 and q0, let us differentiate (40) w.r.t. to q0:

∂q2

∂q0
= −

(
ωLL + ωLH

µ

)κ2α
1
κ2
2

κ0α
κ0
0


q

1−κ0
κ0

0

q
1−κ2
κ2

2

 . (41)

Next, we discuss some properties of ∂q2/∂q0.

1. Decreasing in (ωLL + ωLH). Suppose that the government increases g0, leading
to a higher q0. The bigger the proportion of students in public schools is, the
higher it is the total increase in basic educational expenditures, g0(ωLL + ωLH),
is as well, requiring a bigger decrease in g2 and q2.

2. Increasing in µ. The intuition here is the opposite of the previous case. If there is
a large number of college students, for the government to compensate for a given
increase in total basic educational expenditures, the decrease in expenditure per
college student needs to be small.

3. Increasing in α0. For a given increase in q0, the higher α0 is, the smaller the
increase in g0 needs to be, implying a smaller decrease in g2 and q2.

4. Decreasing in α2. If α2 is large, for a given total increase in basic educational
expenditures, the corresponding decrease in g2 leads to a bigger decrease in q2

because marginal return is very high (minus marginal return is very negative).

5. Decreasing in q0. Remember that q0 and q2 display decreasing returns to scale
because of their concavity. The higher q0 is, the harder it is to achieve a given
increase in it, which leads to a higher increase in g0, and a bigger decrease in g2

and q2.

6. Increasing in q2. Again due to concavity, the higher q2 is, the smaller its decrease
is due to a given reduction in g2.
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C.1 Mathematical proofs
C.1.1 Proof of Proposition 1

First, we take as given that equilibrium π∗ is the one implied by the case where high-
ability agents apply to college and low-ability agents do not. Then, we show that the
hypothesis in this proposition implies that those are indeed agents’ optimal choices.

If high-ability agents apply and low-ability agents do not, then

π∗ = q0q1πH(ωLH + ωHH − µ)
ωLHq1 + ωHHq0

. (42)

Denote by Vij(s) the value function of a type-(wi, πj) individual choosing s. We
proceed by studying optimal choices for each type of agent.

(wL, πL) agents. First, since wL < ζ, consumption non-negativeness implies that this
agent cannot study in private school. Second, note that

VLL(0, 0) > VLL(0, 1)

⇐⇒ wL + q0πL > wL +
(

1− π∗

q0πL

)
q0q2πL +

(
π∗

q0πL

)
q0q2πL − ϑ

⇐⇒ ϑ >

(
1− π∗

q0πL

)
q0(q2 − 1)πL.

(43)

In the case of (wH , πL) agents, we show that VHL(1, 0) > VHL(1, 1) and that this
fact implies in the last condition in the equation above.

(wL, πH) agents. As in the previous case, this agent cannot study in private school.
Now note that

VLH(0, 1) > VLH(0, 0)

⇐⇒ wL +
(

1− π∗

q0πH

)
q0q2πH +

(
π∗

q0πH

)
q0πH − ϑ > wL + q0πH

⇐⇒ ϑ <

(
1− π∗

q0πH

)
q0(q2 − 1)πH .

(44)

Using (42), the last expression can be written as

ϑ <

(
1− q1(ωLH + ωHH − µ)

ωLHq1 + ωHHq0

)
q0(q2 − 1)πH . (45)

(wH , πL) agents. First, it is straightforward to show that

VHL(1, 0) > VHL(0, 0) ⇐⇒ ζ < (q1 − q0)πL. (46)
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Second, we have that

VHL(1, 0) > VHL(1, 1)

⇐⇒ wH − ζ + q1πL > wH − ζ +
(

1− π∗

q1πL

)
q1πL +

(
π∗

q1πL

)
q1πL − ϑ

⇐⇒ ϑ >

(
1− π∗

q1πL

)
q1(q2 − 1)πL.

(47)

Note that the last condition in (47) implies in (43). That is, if we prove that VHL(1, 0) >
VHL(1, 1), then VLL(0, 0) > VLL(0, 1). Now observe that a sufficient condition which
implies that VHL(1, 0) > VHL(1, 1) is that this agent’s utility, in the case where s = (1, 1)
and she is admitted to college, is smaller than in the case where s = (1, 0). Therefore

VHL(1, 0) > VHL(1, 1)
⇐= wH − ζ + q1πL > wH − ζ + q1q2πL − ϑ

⇐⇒ ϑ > q1(q2 − 1)πL.
(48)

Third, similarly,

VHL(1, 0) > VHL(0, 1)
⇐= wH − ζ + q1πL > wH + q0q2πL − ϑ

⇐⇒ ϑ− ζ > (q0q2 − q1)πL.
(49)

(wH , πH) agents. First,

VHH(1, 1) > VHH(0, 1)

⇐⇒ wH − ζ +
(

1− π∗

q1πH

)
q2q1πH +

(
π∗

q1πH

)
q1πH − ϑ

>

(
1− π∗

q0πH

)
q2q0πH +

(
π∗

q0πH

)
q0πH − ϑ

⇐⇒ ζ < (q1 − q0)q2πH .

(50)

Second, a sufficient condition for VHH(1, 1) > VHH(0, 0) is that this agent’s utility
in the case where s = (1, 1) and she is not admitted to college is greater than her utility
if s = (0, 0). That is,

VHH(1, 1) > VHH(0, 0)
⇐= wH − ζ + q1πH − ϑ > wH + q0πH

⇐⇒ ζ + ϑ < (q1 − q0)πH .
(51)
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Finally,

VHH(1, 1) > VHH(1, 0)

⇐= wH − ζ +
(

1− π∗

q1πH

)
q2q1πH +

(
π∗

q1πH

)
q1πH − ϑ > wH − ζ + q1πH

⇐⇒ ϑ <

(
1− π∗

q1πH

)
q1(q2 − 1)πH .

(52)

Note that (44) implies in the condition above.

C.1.2 Proof of Proposition 2

Define
δ ≡ ωLHq1 + ωHHq0 and ψ ≡ ωLH + ωHH − µ

δ
. (53)

Note that
∂ψ

∂q0
= −ψ

δ
ωHH . (54)

Denote pL and pH as the probabilities of a low- and a high-income agent entering
college. Then

pL = 1− q1ψ and pH = 1− q0ψ. (55)

Using (54) and (55),

p′L ≡
∂pL
∂q0

= ψ

δ
ωHHq1 = (1− pL)ωHH

δ
(56)

and
p′H ≡

∂pH
∂q0

= −ψ
δ
ωLHq1, (57)

so that
p′H = −p′L

ωLH
ωHH

. (58)

Taking the derivative of GDP w.r.t. q0 leads to

∂Y

∂q0
= ωLLπL︸ ︷︷ ︸

≡T1

+ ωLHp
′
Lq0q2πH︸ ︷︷ ︸
≡T2

+ ωLHpLq2πH︸ ︷︷ ︸
≡T3

+ ωLHpLq0q
′
2πH︸ ︷︷ ︸

≡T4

− ωLHp′Lq0πH︸ ︷︷ ︸
≡T5

+ ωLH(1− pL)πH︸ ︷︷ ︸
≡T6

+ ωHHp
′
Hq1q2πH︸ ︷︷ ︸
≡T7

+ ωHHpHq1q
′
2πH︸ ︷︷ ︸

≡T8

− ωHHp′Hq1πH︸ ︷︷ ︸
≡T9

,

(59)

where q′2 = ∂q2/∂q0.
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Using (56), (58), and (59), after some algebra we get

T2 + T5 + T7 + T9 = (1− pL)
δ

ωLHωHH(q2 − 1)(q0 − q1)πH . (60)

Observe that T2 + T5 + T7 + T9 < 0 because q1 > q0. Using (60) and the definition
of δ, it is straightforward to show that

T6 > −(T2 + T5 + T7 + T9) ⇐⇒ 1 > q2

(
q1 − q0

q1

)(
ωHH

ωLH + ωHH

)
. (61)

Now, apart from T2 + T5 + T7 + T9, the only remaining negative terms in (59) are
T4 and T8. It is easy to show that

T1 > −(T4 + T8) ⇐⇒ ωLL > −
πH
πL
q′2(ωLHpLq0 + ωHHpHq1). (62)
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