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Resumo

Este artigo estuda os efeitos permanentes do fechamento de escolas por consequência
da Covid-19 no Brasil, um dos mais severos fechamentos de escolas do mundo.
Para responder a esta questão, utilizamos um modelo de gerações sobrepostas com
agentes heterogêneos e uma função de produção de capital humano que evolui de
acordo com o investimento do governo em educação e com o investimento dos pais.
Estimamos os impactos na acumulação de capital humano, desigualdade e PIB. Além
disso, exploramos os efeitos potenciais do fechamento de escolas na participação das
crianças no mercado de trabalho. O choque da Covid-19 é representado por uma
redução no investimento do governo, que afeta as escolhas educacionais, os resultados
do mercado de trabalho e também o investimento dos pais. Encontramos fortes
perdas no PIB, na acumulação de capital humano e na desigualdade em decorrência
do fechamento de escolas por causa da Covid-19, com perdas maiores para os mais
pobres. No entanto, não encontramos evidências suficientes de um aumento na oferta
de trabalho infantil.

Palavras-chave: Fechamento de escolas; Capital Humano; Mercado de trabalho;
Efeitos de longo prazo.



Abstract
This paper studies the permanent effects of Covid-19 school closures in Brazil,

one of the most severe school closures in the world. To answer this question, we use
an overlapping generations model with heterogeneous agents and a human capital
production function which evolves according to government investment in schooling
and to parental investment. We estimate the impacts on human capital accumula-
tion, inequality, and GDP. Further, we explore the potential effects of school closures
on children’s participation in the labor market. The Covid-19 shock is represented
by a reduction in government investment, which affects education choices, labor
market outcomes, and also the investment of parents. We find strong losses in GDP,
human capital accumulation, and inequality derived from the Covid-19 school clo-
sures, with greater losses for the poorest. However, we do not find sufficient evidence
of an increase in the child labor supply.

Keywords: School Closures; Human Capital; Labor Market; Long-run effects.
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1 Introduction

Governments around the world were forced to restrict several activities during the
Covid-19 pandemic period. One of the most affected areas was education, in which
schools were closed for months. UNESCO estimates the total duration of school
closures worldwide from the beginning of the pandemic in 2020 to October 2021.
These estimates are shown in figure 1 below. Students worldwide lost on average
22 weeks (equivalent to two-thirds of an academic year) due to Covid-19 school
closures. In Latin America and the Caribbean, the duration of school closures was
on average 29 weeks. In Brazil, that loss was of 40 weeks.

Figure 1: Total duration of school closures worldwide

Source: UNESCO

Besides the heterogeneity of the duration of school closures across countries,
there is heterogeneity within countries. In Brazil, the period of school closures
varied according to region, level of schooling, to public/private school.

Since the process of learning is cumulative, school closures not only have short-
run impacts on education but also long-run impacts. Therefore, it is expected that
the school closures have persistent impacts on learning and consequently on educa-
tion, human capital accumulation, and gross domestic product (GDP).

This paper aims to answer the following question: what are the long-term im-
pacts of Covid-19 school closures in Brazil? In particular, we seek to estimate the
school closures’ impacts on human capital accumulation, educational attainment,
and macroeconomic aggregates. Moreover, we intend to explore the school closure
effects on children’s participation in the labor market. Since, for poorer households,
child labor is seen as a possibility of raising household earnings, school closures may
lead to an increase in the share of children in the labor market.

To answer this question, we develop an overlapping generations model with het-
erogeneous agents and a human capital production function that evolves mainly



according to government and parental investment, where the government invest-
ment plays the role of schools in human capital accumulation. In that sense, in the
main exercise, the Covid-19 school closures shock is modeled as a reduction in the
government investment equivalent to one year less schooling.

The economic environment of the presented model consists of overlapping gen-
erations with discrete time. The households consist of a parent and a child. In the
first period, the young households choose how much to consume, save, invest in the
child’s human capital and how many hours the child will work. In the second period,
the old households choose how much consuming, saving, and if the child will attend
higher education. The only choice about labor supply is made by the young child,
in the first model period. We assume an exogenous labor supply for the remainder
of the agents. The model is calibrated to the Brazilian economy in normal times.

We estimate the effects of Covid-19 school closures by comparing steady states.
We present the main results of the model and also the results under an economy
with some counterfactual scenarios. In these counterfactual scenarios, we change
some parameters of our human capital production function.

We find that Covid-19 school closures lead to severe losses: a decrease in GDP, an
increase in labor income inequality, and a decrease in human capital accumulation.
These findings are robust across several specifications. There is no evidence of an
increase in child labor. This result may be a consequence of the strong reduction in
labor income caused by the school closures shock. In this scenario, the incentive to
individuals increase their labor supply is smaller.

Besides, we find that parental investments do not increase - except in one of
the counterfactual scenarios. After a severe reduction in labor income, the budget
constraints of the households become stricter. In that sense, parents are not able
to react to the Covid-19 shock increasing their investments in their child’s human
capital. However, when schools and parental investment are more important for the
child’s human capital formation, parents respond to the shock by increasing parental
investment.

In the counterfactual scenarios, we find some interesting results. The negative
impacts of school closures are stronger in the following cases: parental investments
are less productive; acquired human capital in the early ages is more important; and
the substitutability between parental human capital and basic education is smaller.

We also explore the heterogeneous effects of Covid-19 school closures. We find
that the poorest have greater losses in human capital and income as a consequence
of that shock.

This paper is related to the literature on human capital formation (Cunha and
Heckman, 2007; Cunha et al., 2010; Agostinelli and Wiswall, 2016). Cunha and
Heckman (2007) summarize the findings related to child development and present



an overlapping generations model that explains these findings. Cunha et al. (2010)
use a technology to estimate a multistage production function of skill formation.
They seek to determine the optimal distribution of investments in children’s skills
and find “it is optimal to invest relatively more in the early stages of childhood
than in later stages”. The results in Agostinelli and Wiswall (2016) reinforce the
prior evidence that parental investments are more productive during early childhood.
Furthermore, they find that the marginal return of the investments at this ages is
particularly more productive for disadvantaged young children.

Our human capital production function has some features of the ones in Cunha
and Heckman (2007), Cunha et al. (2010) and Agostinelli and Wiswall (2016), such
as the complementarity of inputs and educational stages.

This paper is also related to the increasing literature that emerges from the sem-
inal paper of Restuccia and Urrutia (2004). This literature studies intergenerational
economic persistence using quantitative macroeconomic models with heterogeneous
agents. Related to this literature, Peruffo and Ferreira (2017) use a general equi-
librium model with heterogeneous agents to study the impacts of a Brazilian con-
ditional cash transfers (CCT) program. In particular, they are interested in the
long-term effects of the CCT program on school enrollment, child labor supply, and
poverty. They find substantial positive effects: the CCT program increases school
enrollment and reduces child labor supply and poverty. The structure of our model
has strong similarities with those of their model. In particular, we are also interested
in studying the effects on the child labor supply. Accordingly, model the determi-
nants of child labor similarly to them. The main difference between our model’s
structure and theirs is related to the educational decision. While in their model the
households choose between the feasible levels of schooling for the child, in ours the
households choose how much inventing in the child’s human capital. In that sense,
the decision of how to model the human capital production function is crucial to
our model.

Our paper is also related to the study of human capital transmission in a model
where parents can invest in the early and later stages of children’s development. In
line with this literature, Brotherhood and Delalibera (2020) use a general equilib-
rium model to study the optimal allocation of public expenditures across basic and
tertiary education in Brazil. In their model, households can choose between public
and private education institutions and the child’s human capital production function
evolves according to parental education, education expenditures, and also according
to the child’s innate ability. Our human capital production function has similarities
to theirs, but we do not distinguish between private and public education institu-
tions because the schools are in the form of public education investments. Also, in
our human capital production function, these public investments are complemented



by parental investment in the child’s human capital accumulation.
There is also an emerging economy literature on the effects of the Covid-19

induced school closures (Jang and Yum, 2020; Fuchs-Schündeln, 2022; Agostinelli
et al., 2020; Fuchs-Schündeln et al., 2020). Using a dynastic overlapping generations
general equilibrium model calibrated for the U.S. economy, Jang and Yum (2020)
explore the long-run impacts of school closures on macroeconomic aggregates and
intergenerational mobility. In their model, schools (in the form of public education
investments) complement parental investments in producing children’s human cap-
ital. Their baseline exercise considers a universal school closures where all schools
are closed for the same period of time (1 year). These school closures are modeled
as a reduction of the productivity of public investments (schools) according to the
closure period, very similar to Fuchs-Schündeln et al. (2020). They find long-run
negative effects on macroeconomic aggregates, such as output and capital, and a
reduction in intergenerational mobility.

Fuchs-Schündeln (2022) studies the distributional effects of school closures in
the U.S. and Germany using a structural model of human capital accumulation.
In the U.S., school closures reduce lifetime earnings by 1.7% on average. Although
Germany has smaller overall losses, she finds that Germany has more unequal losses,
leading to a decrease in intergenerational mobility.

Agostinelli et al. (2020) study the persistent effects of school closures during the
Covid-19 pandemic on children’s human capital accumulation for the U.S. economy.
The authors explore three channels by which school closures affect children’s educa-
tion. First, the effect of replacing in-person learning with online education, which
is a worse substitute. Second, the change in the peer environment by the fact that
schools allow children from different socioeconomic backgrounds to contact each
other. Finally, the effect of the parents’ response, which can be able to mitigate the
effect of the change in the learning environment. The Covid-19 schools closures are
modeled as one-year transitory shock (parents and children anticipate the return of
in-person learning after one year). They find that Covid-19 school closures affect
persistently and unequally human capital accumulation. Besides, all three channels
contribute to growing educational inequality.

Fuchs-Schündeln et al. (2020) quantify the persistent distributional and welfare
effects of school closures. Using a structural life-cycle model, the authors explore
the presence of heterogeneity in children’s age and in parents’ characteristics, such
as schooling and assets position. They explore human capital losses, educational
attainment, and earnings. Also, their model is able to capture the parental re-
sponses to the school closures. In this paper, children’s human capital accumulation
evolves according to government investment in schooling and to parental time and
resource investment. They consider for their main experiment an exogenous re-



duction of investments by the government corresponding to a school closure of one
year. Since their model is calibrated at a biannual frequency, it means that the
calibrated government investment will be reduced by half, which affects the human
capital production function. Besides, from the change in government investment,
the temporary shock affects both parental time and money investment, the other
inputs of the human capital accumulation function. Beyond these variables, the
shock expressed by the reduction in government investment also affects educational
choices, labor market outcomes, and children’s welfare. They find that losses due
to school closures are higher for younger children and for children with parents with
low schooling levels and low assets.

This paper contributes to this emerging literature. The main contribution is
related to the fact that in this paper we explore the school closure effects on children
participation in labor market. None of these papers that study the effects of the
Covid-19 school closures explore this channel.

The remainder of this paper is organized as follows. Section 2 explores some data,
discusses possible effects of the Covid-19 school closures in Brazil, and motivates
the issues addressed by the paper. Section 3 presents the model and section 4 its
calibration and the data sources. Section 5 presents the results and discusses the
mechanisms behind them. Finally, section 6 concludes the paper, discussing possible
updates.

2 Covid-19 School Closures in Brazil

As shown in figure 1, Brazil has experienced one of the most severe Covid-19
school closures in the world. The duration of the school closures in Brazil was of 40
weeks from the beginning of the Covid-19 pandemic in 2020 to October 2021. The
school closures in Brazil are also longer when compared to those in Latin America
and the Caribbean, in which students lost an average of 29 weeks in the same period.

Moreover, there are heterogeneities in the duration of school closures in Brazil.
The period of school closures varies across regions, levels of schooling, age, and also
across public/private schools. According to the Brazilian Ministry of Education,
public schools remained closed for, on average, 287.5 days, while private ones were
closed for 247.7 days. Besides, the North and Northeast regions registered the two
longest periods of school closures.

It is important to try to understand these heterogeneities deeply. Table 1 shows
the percent of children and adolescents aged 6 to 17 out-of-school1 in November of

1Children and adolescents aged 6 to 17 years who declared they were not attending school or
that they were attending, but that no school activities had been promoted in the week prior to the
interview, were considered as not attending school.



2020, in the midst of the Covid-19 pandemic.

Table 1: Percent of out-of-school children and adolescents by age in 2020

Age Percent
6 to 10 14.1%
11 to 14 13.0%
15 to 17 19.1%
Total 15.0%

Source: Author’s Elaboration from IBGE. Pnad-Covid, nov. 2020.

As can be seen in the table above, there is heterogeneity in children age. The
older children (15-17 age) are the most affected by the school closures. This shows
that there is heterogeneity not only in the duration of the school closures, but also
in the age of children affected by these school closures.

Table 2: Percent of out-of-school children and adolescents by region in 2020

Region Percent
Midwest 9.5%
North 30.5%
Northeast 19.9%
South 5.7%
Southeast 11.3%

Source: Author’s Elaboration from IBGE. Pnad-Covid, nov. 2020.

Since the North and Northeast regions are the poorest Brazilian regions, these
differences across regions could be an indication that the poorest children are also
the most affected by school closures. In that sense, it is important that our model is
able to explore distributional effects. These effects can be captured by both human
capital and the assets of children’s parents.

But even before Covid-19 school closures, Brazil had a high number of children
and adolescents out of school, especially the poorest ones2. Why these children are
not attending school? The tables below answer that question by showing the reasons
why children do not attend school.

Table 3 shows that, for the younger children (6 to 10 age), chronic health con-
dition was the main reason for them not attending school (57.5%), followed by the
difficulty of going to school (no school available, school is too far away or school
was full) - almost 20%. Since younger children are already affected by the school’s

2For further discussion on this topic, see the UNESCO report, Out-of-school children in
Brazil - A warning about the impacts of the COVID-19 pandemic on Education, available at
https://www.unicef.org/brazil/media/14881/file/out-of-school-children-in-brazil_
a-warning-about-the-impacts-of-the-covid-19-pandemic-on-education.pdf

https://www.unicef.org/brazil/media/14881/file/out-of-school-children-in-brazil_a-warning-about-the-impacts-of-the-covid-19-pandemic-on-education.pdf
https://www.unicef.org/brazil/media/14881/file/out-of-school-children-in-brazil_a-warning-about-the-impacts-of-the-covid-19-pandemic-on-education.pdf


non-accessibility before the Covid-19 school closures, it could be an indication that
they will be marginally less affected by these closures. On the other hand, there is
an opposite effect given that the process of learning is cumulative and hence it is
expected to affect more younger children in long run. The results will show the net
effect.

Table 3: Reasons for not attending school, 2018 – Children aged 6 to 10

Reason Percent
Child was working or looking for work 0.7%
No school available or school is far away 1.7%
No openings available in the school 16.5%
No money to pay some school expenditures 1.5%
The child needs to take care of someone in the household 1.7%
The child had completed the desired level of education 1.6%
Chronic health condition 57.5%
Not interest 2.7%
Other reason 16.0%

Source: Author’s Elaboration from IBGE. Pnad Continua 2018

Table 4 shows the reasons for children aged 11 to 14 do not attend school in 2018.
The main reason is still chronic health condition (39.6%). Although, for children
aged 11 to 14, the second main reason for not attending school is the lack of interest
(26.3%). As can be seen in table 5, the lack of interest in studying is also the main
reason for the older children (15 to 17 age) do not attend school. Therefore, the
older the children, the smaller the interest in studying. This reduction of the interest
in schools is a trouble in Brazil.

Table 4: Reasons for not attending school, 2018 – Children aged 11 to 14

Reason Percent
Child was working or looking for work 4.0%
No school available or school is far away 2.7%
No openings available in the school 8.9%
No money to pay some school expenditures 0.4%
Pregnancy 3.2%
The child needs to do household chores or take care of someone in the household 2.9%
Studying for a public government position or a college entrance exam on their own 0.1%
The child had completed the desired level of education 0.9%
Chronic health condition 39.6%
Not interest 26.3%
Other reason 11.1%

Source: Author’s Elaboration from IBGE. Pnad Continua 2018



Table 5 shows the same information for the older children (15 to 17 age). One
can see that the second main reason for not attending school, which is also relevant,
is the work or the looking for work, corresponding to 16.7% (this number is of 24%
for boys). One can note the sharp increase of this number when compared to the
children aged 11 to 17 - it increased from 4% to 16.7%. Also, we have to be concerned
about this high percent of boys aged 15 to 17 who is working or looking for work.

Table 5: Reasons for not attending school, 2018 – Children aged 15 to 17

Reason Percent
Child was working or looking for work 16.7%
No school available or school is far away 1.8%
No openings available in the school 3.2%
No money to pay some school expenditures 6.6%
Pregnancy 4.5%
The child needs to do household chores or take care of someone in the household 10.1%
Studying for a public government position or a college entrance exam on their own 4.5%
The child had completed the desired level of education 6.8%
The child have gave up because she was not approved in a college entrance exam 0.7%
Chronic health condition 6.5%
Not interest 33.1%
Other reason 5.6%

Source: Author’s Elaboration from IBGE. Pnad Continua 2018

As explored in this section, there are heterogeneities in the duration of Covid-19
school closures in Brazil: it varies across regions, levels of schooling, age and pub-
lic/private school institutions. The model is not able to capture all these dimensions
of heterogeneity. For instance, we are not exploring the more extended public school
closures compared to the private school closures. Also, we are not specifically cap-
turing the differences across regions. However, since the differences across regions
are related to differences in income, they can be captured by the human capital and
wealth of children’s parents.

One can note in table 1 that even before Covid-19 school closures, Brazil had a
high number of children and adolescents out of school. Besides that, for adolescents
aged 15 to 17, the two main reasons for not attending school are the lack of interest
and the work or the search for work (table 5).

For poorer households, child labor is seen as a possibility of raising household
earnings. In that sense, since there is already a lack of interest in studying, the
Covid-19 school closures may lead to an increase in the share of adolescents working
(or looking for work). Hence, we consider this dimension of the share of children in
the labor market is important to understand the school closure effects in Brazil. It
will be captured in our model by the children’s decision of entering the labor market.



3 Model

This section describes the model used to capture the long-run impacts of Covid-
19 school closures. The economic environment consists of an overlapping generation
with discrete time. The economy in that model is populated by a unit measure of
households, which are the decision-makers of the model. There are two levels of
schooling: basic and higher education, as in Brotherhood and Delalibera (2020).
Basic education refers to primary and secondary education.

Four generations coexist: young child (0 to 17 years), old child (17 to 34 years),
young parent (34 to 51 years), and old parent (51 to 68 years). Each period in the
model consists of 17 years and individuals live for four periods. At the beginning
of their third period, individuals give birth to a child. Accordingly, each household
consists of a parent and a child. From here, we use household and dynasty to convey
the same meaning.

There are two dynasties: the young dynasty and the old dynasty. The first one
consists of one young child and one young parent and the old dynasty consists of
one old child and one old parent.

I now shortly describe the life cycle of each dynasty, starting with the young
dynasty. At the beginning of the period, the young parent gives birth to a child.
During his first 10 years of life, the child can only dedicate his time to leisure.
During the other seven years, he can either work, go to school or stay idle. This
decision between school/work/leisure is made by the parent, who cares about the
young dynasty’s felicity function. Besides that, in the first period, there is the devel-
opment of the child’s human capital, which is a function of parental and government
investments, and of the parent’s human capital. We assume that parents invest by
monetary investment and the government investment is a proxy for schools, such
as in Fuchs-Schündeln et al. (2020) and Jang and Yum (2020)3. The young parent
supplies all of his endowment of time to the representative firm receiving wages.

At the end of the first period, the young child becomes an old child and the young
parent becomes an old parent. Given the human capital accumulated by the child in
the first period, he chooses to go (or not) to the college at both a fraction of his time
endowment (4.5 years) and a certain amount of resources (cost). In that case, the
remaining time of the old child is spent at work, supplying all of his endowment of
the remaining time. If the child goes to college, his human capital increases to reflect
the college wage premium. The old parent also supplies his full-time endowment in
the form of labor. At the end of the period, the old parent dies and the old child
becomes a young parent, forming a new household.

3In Fuchs-Schündeln et al. (2020) and Jang and Yum (2020), parents invest in the child’s human
capital by a monetary and time investment. For simplicity, here we assume only the monetary
investment.



Both dynasties can spend their resources either on consumption, human capital
investment, or savings. Besides, the only way to transfer resources over time is by
lending to the representative firm and receiving an interest rate for it.

3.1 Technology

Production. The representative firm produces by a constant returns to scale
technology:

F (Kt, Lt) = AKα
t L

1−α
t (1)

where Kt is the aggregate level of capital, Lt is the aggregate level of labor in units
of efficiency and A is the TFP. In this work, we consider any type of human capital
level (including child labor) as perfect substitutes.

The firm pays an interest rate r and wages w for its production factors. Consider
that δ is the depreciation rate of capital. Thus, the representative firm solves the
following problem:

max
{Kt,Lt}≥0

AKα
t L

1−α
t − wtLt − (rt + δ)Kt (2)

Solving the firm’s problem, we have the following:

wt = A(1− α)

(
Kt

Lt

)α

(3)

rt = Aα

(
Kt

Lt

)α−1

− δ (4)

3.2 Human Capital Production Function

Since the Covid-19 school closures are modeled as a temporary shock in the
human capital production function, the choice of how to model that function is
decisive to the model. Particularly, the choice of inputs in that function is crucial.
This choice will guide the channels by which school closures shock will affect the
variables of interest.

In that sense, in the first period, human capital accumulation evolves accord-
ing to parental investment Ip, public education investments Ig (representing the
schools), and parent’s human capital h3. There is particular interest in parental and
government investment in the child’s human capital.

The public education investment Ig is of particular interest since it captures the
impact of schools on the child’s human capital. If we consider a universal school
closures where all schools are closed for the same period of time (say 1 year), these



school closures are modeled as a reduction of 1
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in the public investments (schools)
Ig. The interest in parental investment is explained by the fact that it is the channel
by which parents respond to the school closures shock.

Denote I the sum of the parent and of the government investment in the child’s
human capital, that is, I = αpIp+Ig. Note that there is a substitutability between Ip
and Ig. This substitutability is not perfect since αp measures the productivity of the
parental investments relative to the government investment. Since the government
investment (schools) is more productive than the parental investment, αp < 1.

In the first period, the child’s acquired human capital evolves through a CES
technology4:

hc,1 =
[
θh3h

λ1
3 + (1− θh3)I

λ1
]1/λ1 (5)

where θh3 ∈ (0, 1) is a parameter that measures the relative importance of her par-
ent’s human capital h3 to her human capital formation, 0 < αp < 1 is a parameter
that measures the relative productivity of parental investments, λ1 ≤ 1 is the elas-
ticity of substitution between h3 and I. The parent starts to invest in the child’s
human capital when he gives birth to the child.

At the beginning of the second period, the old child decides whether to attend
college or not. Going to college increases the acquired human capital by ψcol, but
it requires an additional cost k(col). In that sense, in the second period, the old
child’s human capital evolves according to the following:

hc,2 =
[
θh1h

λ2
c,1 + (1− θh1)(υ + ψcol)

λ2
]θ/λ2 (6)

where ψcol = 0 if the old child decides not attending to the college, θh1 ∈ (0, 1)

is a parameter that measures the relative importance of the child’s acquired human
capital in the first period hc,1, λ2 ≤ 1 is the elasticity of substitution between hc,1

and the higher education, υ drives the increase in human capital for an individual
without college, and 0 < θ < 1 measures the degree of decreasing returns to scale.

3.3 Government

The government runs a budget balance in each period. It is responsible to collect
tax revenues, which are rebated via a lump-sum transfer T to all households and via
investment in education Ig. Note that since the government investment expresses
the impact of the school on the child’s human capital formation, it has a crucial

4Note that childhood human capital formation is modeled as a multi-stage process with two
important features: dynamic complementarity and self-productivity. For a deeper discussion on
this topic, see Cunha and Heckman (2007).



role in the model. It is from the reduction in the government investment Ig that we
model the Covid-19 school closures shock.

3.4 Preferences

In the first period, dynasties wish to consume but do not wish to send their
children to work, that is, child labor has a utility cost. We represent the dynasty’s
preferences in the first period by:

u1(c,m) =

(
c1−γ

1− γ

)
− ϕm (7)

where c is the dynasty’s consumption, and m the hours a child works. Besides, ϕ
represents the marginal disutility of child labor

In the second period, the difference is that there is no child labor decision.
Remember that the young child supplies all of his endowment of time in the form
of labor. Accordingly, the dynasty’s preference in the second period is given by:

u2(c) =

(
c1−γ

1− γ

)
(8)

3.5 Age Earnings Profile

The effective units of labor which an individual can supply are given by his
productivity, which depends on his human capital h and on an exogenous shock z.

Besides the acquired human capital, an individual can be affected by his work
experience, which is expressed by ξi, where i ∈ {1, 2}. Accordingly, ξi represents the
role of the experience in the individual’s life-cycle earnings, which we call by age
earning profile. In that sense, ξ1 represents the gain of experience of the individual’s
third period (second to third) of life and ξ2 represents the gain of experience of the
individual’s fourth period (third to fourth).

We denote zi the productivity shock that affects the effective income of the
household i. It is assumed that zi follows a log-normal distribution:

log(z′i) = −(1− ρ)σ2

2
+ ρ log(zi) + ϵi, ϵi ∼ N(0, σ2) (9)

where ρ ∈ (0, 1). We normalize the unconditional average of this AR(1) process to
be −σ2

2
, so we have E(z) = 1. Also, the unconditional variance equals σ2

1−ρ2
.

This process considers that the persistence of the productivity is reflected within
households, not within individuals. In that sense, the productivity of the parent
who is living through his fourth period of life affects the productivity of his son will
have in the next period. Also, the productivity of a parent in his third period of life



affects his productivity during his last period of life.

3.6 The State Space

This section describes the state space for each period. In the first period, the
household takes into consideration the bequest it received a, the human capital
accumulated by the young adult h, and the productivity shock that affects him z.
Hence, we denote the state space of period one by xy = {z, h, a}, where subscript y
refers to the young dynasty.

In the second period, the household takes into consideration the human capital
of the old parent h, the human capital accumulated by the old child in the first
period hc, the initial level of asset holdings a, and the productivity shock z. Thus,
the state space of the second period is given by xo = {z, h, hc, a}, where subscript o
refers to the old dynasty.

Note that in this subsection, for simplicity, we are denoting the parent’s human
capital by h and the child’s human capital by hc. We also adopt this notation in
the next subsection, which describes the dynasties’ problem.

3.7 The Dynasties Problem

3.7.1 Period 1: The Young Dynasty

In the first period, given the bequest the household received a, the human capital
accumulated by young parent h3, and the productivity shock z, the dynasty chooses
how much to consume c, to save a′, to invest in child’s human capital Ip and how
many hours the child supplies in the form of labor m. The value function of the
young dynasty (period 1) is denoted by Vy and the one of the old dynasty (period
2) by Vo. Therefore, the recursive problem of a household in the first period is given
by:

Vy(z, h3, a) = max
c,m,Ip,a′

(
c1−γ

1− γ

)
− ϕm+ βEz′|zVo(z

′, h4, hc,2, a
′)

subject to

m ∈ [0, m̄]

c+ Ip + a′ = a+ (1− τ)[(zwh3 +mwhc,1) + ra] + T

a′ ≥ 0

hc,1 =
[
θh3h

λ1
3 + (1− θh3)I

λ1
]1/λ1

h3 = ξ1hc,2

where β is the discount rate, τ is the tax rate, and T is a lump-sum transfer.



The choice variables are savings a′, consumption c, child labor supply m, and the
parent’s investment in the child’s human capital Ip. The first constraint represents
the endowment of time of a child, which can be used for working m.

Total expenditures (consumption, savings, and investment in the child’s human
capital) are constrained by the total income, which consists of assets and its net
return ((1 − τ)ra), and the net labor income of the family, which is given by (1 −
τ)[(zwh3 +mwhc,1)]. The first term, zwh3, refers to the labor income of the young
parent. Note that it depends on his human capital, which depends on his work
experience ξ1, given that h3 = ξ1hc,2. The second term, mwhc,1 , refers to the labor
income of the young child.

Also, households cannot borrow, an assumption that represents the credit market
in developing countries. The fourth constraint represents the child’s human capital
formation in his first period of life. The last one expresses the constraint of time
endowment that the child can supply in the form of labor.

3.7.2 Period 2: The Old Dynasty

At the beginning of the second period, the household decides how much to con-
sume, to save, and also decides whether to attend college or not. Going to college
increases the acquired human capital by ψcol, but it requires an additional cost
k(col). In that sense, in the second period, the old child’s human capital evolves
according to (6), and the old dynasty solves the following problem:

Vo,s(z, h4, hc,2, a) = max
c,g,a′

(
c1−γ

1− γ

)
+ βEz′|zVy(z

′, h′c,2, a
′)

subject to

g ∈ {0, 1}

c+ a′ + gk(col) = a+ (1− τ)[(zwh4 + (1− g)whc,2 + g(1− ζ(col))whc,2) + ra] + T

a′ ≥ 0

hc,2 =
[
θh1h

λ2
c,1 + (1− θh1)(υ + ψcol)

λ2
]θ/λ2

h4 = ξ2h3

where ζ(col) refers to the time required to attend college, g determines whether the
young adult goes to college (g = 1) or not (g = 0), and k(col) is the monetary cost of
the college. Note that ψcol = 0 if the old child decides not attending to the college.

The second constraint represents the household’s budget constraint. Total ex-
penditures (consumption, savings, and education costs) are constrained by the total
income. The net labor income of the family is given by (1−τ)[(zwh4+(1−g)whc,2+



g(1−ζ(col))whc,2)]. Note that, since h4 = ξ2h3, the old parent’s labor income, zwh4,
depends on ξ2, which expresses the gain of experience of the third to the fourth pe-
riod. As before, households cannot borrow and the last constraint expresses how
the child’s human capital evolves in his second period of life.

4 Calibration

This section describes the calibration of the model and the data used. There are
two subsets of parameters. The first one is externally calibrated by using their direct
data counterpart or the existing literature. The second one is internally calibrated
by matching the moments in the data.

Tables 6 and 7 summarize the externally and internally calibrated parameters,
respectively. Table 8 describes the targeted moments in the data and model used
for the calibration exercise.

Table 6: Externally calibrated parameters

Parameter Description Value Source
A Total factor productivity 1 Normalization
γ CRRA utility 1.5 Restuccia and Urrutia (2004)
ρ Income autocorrelation 0.69 Peruffo and Ferreira (2017)
ξ1 Life-cycle earnings (second to third period) 1.59 PNADC (2018-2019)
ξ2 Life-cycle earnings (third to fourth period) 1.22 PNADC (2018-2019)
ζ(col) Higher education duration 4.5
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τ Tax rate 0.353 STN (2017-2019)
Ig Expenditure in basic educ. over GDP 2.5% + 1.77% INEP and Brotherhood and Delalibera (2020)
υ Importance of higher education to human capital 0.0005 Brotherhood and Delalibera (2020)
θh3 Relative importance of parental human capital (w.r.t. basic educ.) 0.3803 Brotherhood and Delalibera (2020)
θh1 Relative importance of acquired human capital (w.r.t. higher educ.) 0.9820 Brotherhood and Delalibera (2020)
λ1 Substitution parameter (parental human capital vs. basic educ.) -1.8957 Brotherhood and Delalibera (2020)
λ2 Substitution parameter (acquired human capital vs. higher educ.) -1.0268 Brotherhood and Delalibera (2020)
θ Concavity of human capital production function 0.4816 Brotherhood and Delalibera (2020)

Table 6 shows the externally calibrated parameters. Total factor productivity is
normalized to 1. The risk aversion of the utility function is set to 1.5, following the
literature in Restuccia and Urrutia (2004). The income autocorrelation parameter
is set to 0.69, in line with Peruffo and Ferreira (2017). This value corresponds to a
yearly autocorrelation coefficient of 0.978.

ξ1 and ξ2 reflect the age-earnings profile, which we can express as an experience
wage premium. Accordingly, ξ1 is externally calibrated by comparing the mean
earnings of college-educated young parents with the ones of college-educated old
children. Likewise, ξ2 is externally calibrated by comparing the mean earnings
of college-educated old parents with the ones of young parents. Note that this
strategy is in line with Restuccia and Urrutia (2004). Using the Pesquisa Nacional
por Amostra de Domicílios Contínua (PNADC), we find ξ1 = 1.59 and ξ2 = 1.22.
ξ1 = 1.59 means that the mean earnings of college-educated young parents are



equal to 159% of those of old children and ξ2 = 1.22 means that the mean wage of
college-educated old parents is equal to 122% of the one of young parents.

We assume that attending college requires 4.5 years and the old child can not
work and study in the college at the same time.

We set τ corresponding to the mean of government spending as a proportion of
GDP in the period of 2017-2019. This value can be obtained in Secretaria do Tesouro
Nacional (STN). Also, we use public expenditures in basic education (primary and
secondary) as a proportion of GDP (2.5%) to externally calibrate Ig. One can note
that this value refers only to public schools. Since Ig refers to the school’s role in
human capital formation, we also have to consider the households’ expenditures in
basic education. In line with Brotherhood and Delalibera (2020), we consider that
households spend 1.77% of GDP on basic education.

There are several parameters of the human capital production function which
we also calibrate externally. They are calibrated in line with Brotherhood and De-
lalibera (2020). They calibrate a child’s human capital production function being
determined by three variables: innate ability, educational investments, and parent’s
human capital. The structure of our human capital production function has simi-
larities to the one presented in Brotherhood and Delalibera (2020): we also consider
only basic and higher education. Basic education reflects the child’s human capi-
tal formation in the first period and higher education reflects the increment in the
second period in human capital to the acquired human capital in the first period.

The parameter υ drives the increase in human capital for an individual without
college. Brotherhood and Delalibera (2020) argue that the higher υ is, the lower
the number of people wanting to do higher education, which increases the college
wage premium. Therefore, they calibrate υ to match the college wage premium and
obtain υ = 0.0005.

The parameter θh3 measures the relative importance of parental human capital
(with respect to schools and parental investment) to the child’s human capital. As
argued by Brotherhood and Delalibera (2020), if parental human capital is more
important, children depend less on educational investments. Following their paper,
we set θh3 = 0.3803. This value expresses that there is an inter-generational persis-
tence in human capital, but the investment in human capital in the first period is
more important than this persistence.

The parameter θh1 refers to the second period and measures the relative impor-
tance of acquired human capital (with respect to higher education). Brotherhood
and Delalibera (2020) calibrate θh1 to match the coefficient of variation of educa-
tional expenditures. They argue that, the higher θh1 , the higher the marginal return
of the investments in human capital in the first period, that is, the marginal return
of basic education investments, which increases the dispersion of educational expen-



ditures. In line with them, we set θh1 = 0.9820. This value shows the importance
of the acquired human capital in the first period to the accumulated human capi-
tal through the life cycle. This is in line with the evidence (Cunha and Heckman,
2007; Cunha et al., 2010; Agostinelli and Wiswall, 2016) that investments in human
capital are more important during early childhood.

The parameters λ1 and λ2 measure the substitutability between the inputs of the
human capital production function in the first and the second period, respectively.
λ1 measures the substitutability between parental human capital and basic education
investments. Hence, the higher λ1, the smaller the intergenerational persistence of
human capital, so the marginal return of human capital investments is higher. As
argued above, government investment (schools) in child’s human capital formation
is more productive than parental investment. Therefore, this relationship is stronger
in the case of schools Ig (relative to parental investments Ip). This explains why λ1
is positively associated with the proportion of government investment (schools) in
total human capital investments. This argument is similar to the one expressed in
Brotherhood and Delalibera (2020). They set λ1 = −1.8957.

Likewise, λ2 measures the substitutability between acquired human capital and
higher education. In that sense, the higher λ2, the higher the marginal return of
higher education. Hence, λ2 is positively correlated with the proportion of house-
holds’ higher education expenditure in total households’ expenditure. Brotherhood
and Delalibera (2020) obtain λ2 = −1.0268 by calibrating λ2 to match the house-
holds’ higher education expenditure.

The concavity of the human capital production function is measured by θ, which
increases the marginal returns to educational investment. Following Brotherhood
and Delalibera (2020), we externally calibrate θ = 0.4816.

Table 7 shows the internally calibrated parameters that approximate the mo-
ments of the model to the moments of the data using the Simulated Method of
Moments (SMM). Table 8 displays these targeted moments in the data and in the
model.

Table 7: Internally calibrated parameters

Parameter Description Value
β Time discounting 0.94717

σ Income shock variance 0.525
ϕ Marginal disutility of labor 0.37
ψcol Increase in human capital associated to higher education 0.005
αp Relative productivity of parental investments 0.3
kcol Cost of attending college education 0.183



Now we discuss the choice of targets reporting the relationship between param-
eters and moments. β is internally calibrated to match the investment rate of the
Brazilian economy.

The dispersion of the productivity shock process σ generates the dispersion in
the labor income. Therefore, we calibrate σ to match the standard deviation of the
log of labor earnings of the Brazilian economy.

The marginal disutility of labor (ϕ) is calibrated by matching the mean worked
hours by young children. The relation is direct: the higher the disutility of labor,
the lower the mean worked hours.

We internally calibrate three parameters of the human capital production func-
tion. ψcol expresses the increase in human capital associated with higher education.
Accordingly, we calibrate ψcol to match the college wage premium5.

αp expresses the relative productivity of parental investments (with respect to
schools) in child human capital, which is tightly associated with the mean parental
investments. The higher the productivity of the parental investments, the higher
the mean parental investments. Since government investment expresses the role
of schools in the child’s human capital formation, parental investments are less
productive than government investment. Accordingly, we have that αp < 1. We
obtain αp = 0.3.

Finally, the cost of attending higher education is internally calibrated using the
proportion of households’ educational expenditure over total expenditure.

Table 8 shows the targeted moments in the data and in the model.

Table 8: Targeted moments in the data and model

Description Data Model
Investment rate 20.5% 22.8%
Standard deviation of (log) labor earnings 0.9906 0.8372
Mean worked hours by young children 0.608 0.526
College wage premium 3.118 3.238
Mean parental monetary investments (Household human cap. inv. over total expend.) 0.63% 0.79%
Household educ. expend. over total expend. 2.46% 2.98%

Here I describe how I get the targeted moments in the data. The gross capital
formation is the economy’s investment rate, which can be obtained in Instituto
Brasileiro de Geografia e Estatística (IBGE). We get an investment rate of 20.5%,
which is the average between the years 2011 to 2014. The standard deviation of
labor earnings is in line with Brotherhood and Delalibera (2020).

I use PNADC to get the mean worked hours by young children and the college
wage premium. Finally, the mean parental monetary investments, the household

5The college wage premium is the mean labor earnings of college-educated workers divided by
the mean labor earnings of workers with less than completed higher education.



education expenditure over total household expenditure, can be obtained in Pesquisa
de Orçamentos Familiares (POF)6.

4.1 Covid-19 School Closures Shock

This subsection describes how we model the Covid-19 school closures shock. The
Covid-19 shock (school closures) is expressed as a reduction in government invest-
ment Ig, which represents the schools’ role in the child’s human capital formation.

We calibrate the model for the Brazilian economy and then find the steady state
of the economy. Then, there is a reduction in Ig equivalent to 1 year of school
closures. From that reduction, there is a change in the steady state of the economy,
which are the long-run effects of school closures. The results in section 5 express
these effects.

Besides, from the change in government investment Ig, the shock endogenously
affects parental investment Ip, the other input of the human capital accumulation
function. This effect in Ip measures the response of the parents to the school closures
shock. Beyond these variables, the shock expressed by the reduction in Ig also affects
human capital accumulation, child labor supply.

4.2 Counterfactual Scenarios

In addition to the reduction in Ig, we study some counterfactual scenarios. In
particular, we investigate the effects of changes in αp, θh3 , θh1 , λ1. These changes can
also be seen as robustness tests for our results.

The parameter αp measures the relative productivity of parental investments
(with respect to schools) in child human capital. What are the effects of Covid-
19 school closures if the parental investment is more productive? And if it is less
productive?

The parameter θh3 measures the relative importance of parental human capital
(with respect to schools and parental investments) to the child’s human capital.
If parental human capital is more important, the intergenerational persistence of
human capital is higher and children depend less on educational investments. We
study the impacts of school closures in a world where θh3 is higher and where θh3 is
smaller.

The parameter θh1 measures the relative importance of acquired human capital
(with respect to higher education). In that sense, the higher θh1 , the higher the
marginal return of the investments in human capital in the first period. We also

6These moments were obtained in POF 2002-2003. In that sense, they need to be updated
using POF 2017-2018.



study the effects on the economy after changes in the relative importance of acquired
human capital.

Finally, λ1 measures the substitutability between parental human capital and
basic education investments. Therefore, the higher λ1, the higher the marginal
return of human capital investments. That is because it is possible to substitute
the inputs more easily. We are interested in estimating the impacts of Covid-19
shock when the substitutability between parental human capital and basic education
investments is higher and when it is smaller.

5 Permanent Effects of School Closures in Brazil

This section presents the model’s main results and the counterfactual scenarios’
results - changes in some model parameters. These counterfactual scenarios can
be seen as tests for the model’s results. At the end of the section, we present the
heterogeneous effects of our main results.

Table 9 shows the effects of Covid-19 school closures using the calibrated model.
We present the effects of both 1-year shock and two years shock with respect to the
baseline model.

Table 9: Main results

1 year shock 2 years shock
GDP -0.9% -1.3%
Std dev of income 0.3% 0.5%
Child labor -7.9% -9.2%
Human capital accumulation -4.8% -4.7%
Parental investment -7.0% -7.7%

As expected, the Covid-19 school closures have negative impacts on all variables
we analyze. There is a decrease in GDP, which is more prominent in the school
closures for 2 years. Since school closures affect directly human capital accumulation,
this result is expected. There is also an increase in the standard deviation of the
log of labor earnings, showing that the impacts of Covid-19 school closures are more
severe for poorer individuals. It is explained by the fact that poorer households have
a stricter budget constraint and hence they react less to shocks.

One unexpected result is the reduction in the child labor supply. This result
can be explained by the substitution effect of the labor supply after a reduction in
labor income as a consequence of the Covid-19 shock. The substitution effect is



the change in labor supply in response to the change in wages, which affects the
opportunity cost of leisure. In the case of a reduction in wages, the opportunity
cost of leisure becomes smaller. Accordingly, there is a substitution of labor supply
(reduction of labor supply) for leisure. The income effect is the change in labor
supply in response to the change in wages, given the labor hours supplied by the
individual. In that case, given the labor hours supplied, there is a reduction in
labor income after a reduction in wages, which induces individuals to increase their
labor supply. Those two effects go in opposite directions. If we assume that the
substitution effect is stronger than the income effect, individuals reduce their labor
supply after a reduction in labor income, which explains the result we get.

Besides, there is a strong reduction in both human capital accumulation and
parental investment. The reduction in parental investment can be seen as unex-
pected at first glance. However, it can interpret that Covid-19 strongly reduces
labor income and consequently the households’ budget constraints become stricter.
Accordingly, parents fail to react to the shock increasing the parental investment in
their child’s human capital.

Next, we analyze the effects of Covid-19 school closures under some changes in
the parameters of the model. In the appendix, we show the comparison between the
baseline scenarios of the economy under the changes in parameters compared to the
baseline scenario of our calibrated economy (table 15).

Table 10 shows the impacts of the school closures shock under both a reduction
and an increase of 10% in αp. The parameter αp measures the relative productivity
of parental investments (with respect to schools) in child human capital. Therefore,
first, we are estimating the impacts of Covid-19 school closures in an economy in
which parental investments are less productive.

Table 10: Effects with changes in αp

↓ 10% αp ↑ 10% αp

1 year shock 2 years shock 1 year shock 2 years shock
GDP -2.3% -2.1% -0.8% -1.6%
Std dev of income 0.3% 0.5% 0.4% 0.8%
Child labor -9.1% -12.4% -2.4% -5.4%
Human capital accumulation -5.2% -5.7% -0.5% -0.7%
Parental investment -10.8% -15.3% -0.5% -1.5%

One can note that if parental investments are less productive, the negative im-
pacts of school closures are stronger. This result is explained by the fact that
parental investment in human capital can mitigate the Covid-19 shock. However,
if the parental investment becomes less productive (relative to schools), then this
mitigating effect is weakened.



The negative impacts on GDP, child labor, human capital accumulation, and
parental investment are stronger. However, the same does not happen with the
standard deviation of income: the increase in the standard deviation of income is
greater when the parental investment is more productive. This can be explained by
the fact that when the parental investment is more productive, parents have more
incentive to invest in their child’s human capital - or, in that case, reduce less this
investment. Since richer parents are more able to mitigate the Covid-19 losses, the
labor income inequality is greater in this scenario.

Table 11 shows the results in a scenario with changes in θh3 . In that sense, we
are presenting the results in scenarios where we change the relative importance of
parental human capital (with respect to schools and parental investments) to the
child’s human capital. More than that, scenarios where we change the intergenera-
tional persistence of human capital.

Table 11: Effects with changes in θh3

↓ 10% θh3 ↑ 10% θh3

1 year shock 2 years shock 1 year shock 2 years shock
GDP -0.7% -1.5% -0.3% -0.7%
Std dev of income 0.3% 0.7% 0.2% 0.6%
Child labor 2.1% -1.0% -2.8% -6.2%
Human capital accumulation -5.1% -5.1% -0.2% -0.3%
Parental investment 3.3% 2.2% -3.8% -6.3%

Note that when θh3 is higher, the human capital formation depends less on both
parental investments and schools. Accordingly, the Covid-19 losses are more severe
when θh3 is smaller, and hence human capital depends more on schools.

Besides that, it is important to note that, when human capital depends more on
schools (θh3 is smaller), parents respond to the shock by increasing their investments
in their child’s human capital. It is explained by the fact that, in that scenario,
children’s human capital also depends more on parental investments, increasing the
importance of these investments. Note that the increase of the parental investment is
higher when the shock is smaller (1-year shock). This result reinforces the idea that
when the shock is stronger, the households’ budget constraint becomes stricter and
hence parents are not able to react to the shock increasing the parental investment.
However, the increase in parental investment does not prevent the decrease in human
capital accumulation.

Another interesting result is the fact that child labor increases after a 1-year
shock when θh3 is smaller. However, this effect does not hold when the shock is
longer (2 years shock).

Next, we show the effects of Covid-19 school closures after changes in θh1 (table



12)7. Changing θh1 changes the relative importance of acquired human capital in
the first period.

Table 12: Effects with changes in θh1

↓ 1% θh1 ↑ 1% θh1

1 year shock 2 years shock 1 year shock 2 years shock
GDP -0.4% -1.3% -0.8% -1.6%
Std dev of income 0.2% 0.4% 0.5% 1.1%
Child labor -3.1% -6.3% -4.4% -6.0%
Human capital accumulation -0.2% -0.4% -1.7% -2.0%
Parental investment -1.4% -2.8% -3.4% -5.3%

One can note that the losses with the school closures are stronger when θh1 is
higher. This is explained by the fact that, when θh1 is higher, there is an increase in
the marginal return of the investments in human capital in the first period. Since
the Covid-19 shock occurs in the first period of children’s human capital formation,
the losses are stronger in that scenario. As expected, the loss in human capital
accumulation is particularly more severe when θh1 is higher, and hence acquired
human capital in the first period is more important.

Table 13 shows the impacts of Covid-19 school closures in scenarios where we
change λ1, which measures the substitutability between parental human capital and
basic education investments.

Table 13: Effects with changes in λ1

↓ 10% λ1 ↑ 10% λ1

1 year shock 2 years shock 1 year shock 2 years shock
GDP -0.9% -1.6% -0.2% -0.6%
Std dev of income 0.3% 0.6% 0.3% 0.6%
Child labor -3.5% -6.4% -3.1% -6.0%
Human capital accumulation -0.1% -0.2% -0.1% -0.1%
Parental investment -5.3% -6.8% -2.5% -4.0%

When the substitutability between parental human capital and basic education
investments is higher, the negative impacts of school closures are less severe. This is
because in this scenario the inputs are more easily replaced, which enables mitigating
the losses of Covid-19 school closures.

5.1 Heterogeneous Effects

This section presents the heterogeneous effects of our main results. Table 14
shows the impacts of Covid-19 school closures for both the 10% poorest (bottom

7We change θh1
only in 1% because an increase of 10% in θh1

makes θh1
> 1 and we must have

θh1
∈ (0, 1).



10%) and the 10% richest (top 10%) of the income distribution.

Table 14: Heterogeneous effects

1 year shock 2 years shock
bottom 10% top 10% bottom 10% top 10%

Labor income -1.4% -0.5% -1.7% -0.7%
Child labor -2.7% -5.3% -4.0% -7.8%
Human capital accumulation -5.1% -3.0% -5.2% -2.8%
Parental investment -8.4% -4.1% -8.9% -4.4%

One can see that Covid-19 shock affects unequally the poorest and richest, as
expected. The poorest have greater losses in income and human capital. Besides,
they are less able to respond to the negative shock by increasing their investment
in their child’s human capital. It is explained by the stronger losses in income they
suffer.

Moreover, table 14 shows that the reduction in child labor supply is stronger
for the richest. Since for the poorest the reduction in labor income is greater, they
also experience a stronger income effect. That is, the income effect of the changes
in wages softens the substitution effect, which explains the fact that the child labor
supply is less reduced in that group.

6 Conclusion

This paper estimates the permanent effects of Covid-19 school closures on human
capital accumulation, child labor supply, and macroeconomic aggregates. To study
the Covid-19 school closures, we use an overlapping generations model calibrated to
the Brazilian economy in normal times.

This paper explores some heterogeneities in school closures in Brazil. As shown
in section 2, both the poorest regions and public schools were the most affected
by school closures, which indicates that the poorer children were more affected by
that shock. This effect is captured by the heterogeneity in both the human capital
acquired and the assets of parents.

The Covid-19 school closures are modeled as a negative shock in the human
capital production function. In that sense, the choice of how to model the human
capital production function is crucial to the model.

Particularly, the choice of inputs in that function is crucial. This choice will guide
the channels by which school closures shock will affect the variables of interest. The
human capital production function of our model has similarities to the one presented
in Brotherhood and Delalibera (2020): we also consider only basic (model’s first



period) and higher education (model’s second period). The inputs of the human
capital production function are similar to the ones in Fuchs-Schündeln et al. (2020)
and Jang and Yum (2020). The child’s human capital formation evolves according
to parental education investment, public education investments, and parents’ human
capital.

The public education investment captures the impact of schools on the child’s
human capital. Accordingly, if we consider closures in which the schools are closed
for 1 year, we represent these school closures in the model as a reduction of 1
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public investments (schools). This reduction will affect human capital accumulation,
child labor supply, and also parental investments.

We find strong negative impacts of Covid-19 school closures on all variables we
analyze. The school closures increase the standard deviation of the log of labor
earnings, which shows that the impacts of Covid-19 school closures are stronger for
poorer individuals.

We do not find evidence of an increase in child labor supply or in parental invest-
ment. I interpret the first result by the fact that, after a strong reduction in labor
income, the incentive to increase the labor supply is smaller. Besides, the parental
investment may not increase because if the Covid-19 shock causes a sizable reduction
in labor income, the households’ budget constraints become stricter. Accordingly,
parents are not able to react to the shock increasing the parental investment.

We also present counterfactual scenarios, changing some important parameters
of the model. We find that when human capital depends more on schools (θh3 is
smaller) parents respond to shock by increasing parental investment in their child’s
human capital. Since in this scenario children’s human capital depends more on
parental investments, there is more incentive to parents increase parental investment.
However, the increase in parental investment does not prevent the decrease in human
capital accumulation. Finally, we find stronger heterogeneous effects of Covid-19
school closures. The losses in human capital and income due to that shock are
greater.
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Appendix

A Equilibrium

A stationary recursive competitive equilibrium consists of a group of functions
for both the first and the second periods. In the first period, the equilibrium con-
sists of {Vy, gcy, gay , g

Ip
y , gmy }: the value function, the consumption, the savings, the

parental investment in human capital, and the child’s labor supply policy functions,
respectively.

In the second period, the equilibrium consists of {Vo, gco, gao , ggo}: the value func-
tion, the consumption, the savings, and the college policy functions, respectively.

The equilibrium also consists of:

• Factor prices {w, r}.

• Government policy {τ, T, Ig}.

• Time-invariant measures over states, λy(z, h, a) and λo(z, h, hc, a). The laws
of motion are given by:

λo(z, h, hc, a) =
∑

{(z,h,a):hc=ghy ,a
′=gay}

Prob(z′|z)λy(z, h, a)

λy(z, h, a) =
∑

{(z,h,a):hc=ggo ·h3,col+(1−ggo)·h3,nocol,a′=gao}

Prob(z′|z)λo(z, h, hc, a)

Given the factor prices and the government policy, dynasties solve their prob-
lems, that is, {Vy, gcy, gay , g

Ip
y , gmy } maximizes the young household’s problem and

{Vo, gco, gao , ggo} maximizes the old household’s problem, as shown in subsection 3.7.
The government budget is satisfied:

τ(rK + wL) =
∑
z,h,a

λy(z, h, a) · T +
∑
z,h,a

λy(z, h, a) · Ig +
∑

z,h,hc,a

λo(z, h, hc, a) · T

Besides that, goods, assets, and labor markets clear, that is, the market clearing



conditions hold:

C =
∑
z,h,a

λy(z, h, a) · gcy +
∑

z,h,hc,a

λo(z, h, hc, a) · gco

K =
∑
z,h,a

λy(z, h, a) · gay +
∑

z,h,hc,a

λo(z, h, hc, a) · gao

L =
∑
z,h,a

λy(z, h, a) · (zξ1h+ ghy · gmy )

+
∑

z,h,hc,a

λo(z, h, hc, a) · (zξ2h+ (1− ggo)h2,nocol + ggo(1− ζ(col))h2,col)

Υ =
∑
z,h,a

λy(z, h, a) · gIpy +
∑

z,h,hc,a

λo(z, h, hc, a) · kcol · ggo

where Υ represents the household’s total expenditure on education. Accordingly,
the following condition is valid:

F (K,L) = C + δK +Υ

which expresses the economy resource constraint.

B Tables

Table 15: Comparison between counterfactual exercises’ baselines

↓ αp ↑ αp ↓ θh3 ↑ θh3 ↓ θh1 ↑ θh1 ↓ λ1 ↑ λ1

GDP -1.4% 1.7% -0.9% -0.3% 5.2% -15.7% -1.0% -0.2%

Std income 0.5% -0.4% 0.3% -0.2% -0.2% 1.8% 0.0% 0.0%

Child labor -10.3% 6.3% -7.7% 3.2% 15.0% -23.8% 0.4% -0.7%

Child labor D1 -11.8% 27.7% -9.2% 14.8% 37.5% -35.1% 11.6% -0.7%

Human capital acumulation -5.2% 0.3% -4.7% 0.4% -0.5% 2.5% 0.1% -0.1%

Human capital acumulation D1 -7.0% 10.5% -5.5% 8.0% 9.4% 52.5% 7.6% -0.1%

Parental Investment -8.8% 10.5% -6.9% 4.4% 15.6% -25.3% 3.1% -0.3%

Parental Investment D1 -8.7% 57.7% -6.6% 32.8% 66.6% 40.2% 31.2% -0.3%
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