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Abstract

This paper analyzes the aggregate long-run effects of education and tax policies in

the presence of a large informal sector. I develop an overlapping-generation life-cycle

model with heterogeneous agents and incomplete markets, where agents make educa-

tional and occupational choices. Education is costly but ensures a wage premium in

the future. Education costs are partially subsidized by the government. Individuals

choose to operate either in the formal or in the informal sector given that the educa-

tion premium is higher in the former. However, formal workers must pay progressive

income taxes. I calibrate my model to Brazil and assess the effects of education

subsidies on the overall economy. The increase in the education subsidy improves

educational attainment, expands formalization, and increases welfare. The subsidy

rate which covers 100% of education costs maximizes welfare leading to the overall

welfare gain of around 94% measured in consumption equivalent variation. Due to a

significant positive effect on the tax base, the education subsidy is self-financing in

the long run. Tax schedule reforms have mild effects on the aggregate measures of

education. However, they alter the educational composition of labor. Reducing the

level of income tax or flattening the tax schedule leads to the reallocation of highly

educated and productive individuals into the formal sector.
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1 Introduction

Developing countries feature low levels of educational attainment and high levels of in-

formality, defined as unofficial production undeclared with a purpose of tax and social

security avoidance (Schneider et al., 2010). Empirical studies show that informal workers

are on average less educated and receive a lower education premium compared to the for-

mal workers (Araujo et al., 2013; Lopez Garcia, 2015; Fairris and Jonasson, 2016; Meghir

et al., 2015). Additionally, according to Filho (2012) the rise in educational attainment

explains up to 60% of the informality reduction in Brazil.1

Against the backdrop that education is an important determinant of informality, it may

be reasonable to encourage human capital accumulation in countries that feature large

shadow economies. On the one hand, education subsidies make schooling more affordable

and allow individuals to accumulate more human capital. For educated individuals, the

formal sector is more attractive due to higher returns to education. On the other hand,

education subsidies have to be financed with additional taxation. Raising taxes to finance

the education subsidy may encourage individuals to become informal.

This paper sheds light on the interrelation between education and tax policies in the

presence of an informal sector. In particular, I answer several questions: How do education

subsidies affect the size of informality? What are the revenue and the welfare-maximizing

levels of the subsidy? What are the consequences of the tax schedule change when allowing

for educational and occupational decisions?

To answer these questions, I develop a two-sector overlapping generation model with

endogenous educational and occupational choices. In the first stage of their life, individuals

make their educational choice given their inherited assets and innate learning ability. The

total cost of education consists of the monetary and time cost. The monetary cost is

partially subsidized by the government. While making an educational choice, individuals

are aware of the future education premium differing between the formal and informal

sectors. Following empirical evidence, I assume that the education premium is higher in

the formal sector (Arbex et al., 2010; Araujo et al., 2013). Apart from the difference

in education premia, by definition sectors differ in terms of tax compliance and social

security coverage. Formal employees pay progressive income taxes. Informal employees,

however, do not pay income taxes but bear a fixed utility cost associated with the lack of

social security. The government collects tax revenues to finance its expenditures including

education subsidies, pension payouts, and government consumption.

I calibrate my model to Brazil, a country with a high level of informality and a low

level of educational attainment. I use the Brazilian National Household Sampling Survey

(PNAD) which contains detailed information about the individual characteristics, educa-

tional attainment, labor income, and hours of work for both workers in the formal and

1More empirical evidence is provided in Section 3.
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informal sectors. The model matches well the characteristics of the formal and informal

workers, the distribution of education within the formal and informal sectors as well as

the indicators of the overall economy.

In equilibrium, formal employees have a higher average education level compared to

informal employees. In line with the data, the prevailing share of formal workers has a

completed high school degree. Although there is an incentive to invest a lot in education

to enjoy a high education premium in the formal sector, progressive taxation prevents

individuals from investing too much. Moreover, analyzing the share of informality by

years of education reveals a U-shape pattern in the model and the data. This pattern

indicates that the share of informality reduces with schooling at first but then rises again

for individuals who have acquired tertiary education. Two key assumptions of the model,

the difference in education premia and progressive taxation, suffice to explain this pattern.

In the first step, I vary the share of publicly financed education costs. The increase

in the education subsidy makes education more affordable, increases the average level of

education, and expands formalization. If the government carries all the monetary costs

of education (subsidy = 100%) compared to the current level (subsidy = 33%), the share

of highly-educated individuals increases from around 17% to over 68% and the share of

informal workers reduces from 17% to 9%. It is important to note that the increase in

education does not monotonically lead to formalization. When the subsidy increases from

90% to 100%, the share of highly educated rises from 56% to 68% but the share of informal

workers slightly increases from 8.63 to 8.70%.

Higher human capital accumulation as well as a higher share of formal workers expand

the tax base. Due to this effect, the optimal education subsidy is self-financed in the long

run and does not require additional tax hikes. On the contrary, the government can reduce

the income tax rates in the long run. The government budget surplus spikes for the subsidy

level of 90%. The combination of higher income, formalization, and reduction in hours

worked leads to a considerable welfare gain of 94% measured in consumption equivalent

variation (from here onwards, cev) for the subsidy level of 100%.

In the second step, I analyze the effects of a change in the income tax schedule. I

focus on two policies: (1) the change in the income tax level and (2) the income flat tax

reform. Reducing the level of income taxation is effective in decreasing informality. A 15pp

reduction in a tax rate reduces the share of informal workers by 6pp. At the same time,

human capital accumulation responds mildly to the tax level change. In total, reducing

the tax level from around 25% to 10% leads to a welfare gain of 16% cev. However, this

gain comes at a cost of a substantial government budget deficit. This means that tax

reduction is not a sustainable policy in the long run.

Finally, I perform a flat tax reform such that all formal workers face the same level

of income taxation. I find that this policy has small effects on the aggregate levels of

informality and educational attainment but it changes the composition of the labor force.
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In particular, this reform flattens the U-shape of the informality level with respect to years

of education. Under such a scenario, individuals enjoy a welfare gain of 4.3% which is lower

compared to the policies analyzed above. However, the income tax revenue to GDP ratio

stays fixed such that there is no additional deficit accumulation.

The rest of the paper is organized as follows. In the next section, I review the related

literature. In Section 3, I present stylized facts about the educational attainment and

informality in Brazil. Next, I discuss the model and the calibration in Section 4 and 5,

respectively. Finally, I present the results and draw conclusions.

2 Literature Overview

This study relates to an extensive literature analyzing the impact of education subsidies on

human capital accumulation and labor participation. Krueger and Ludwig (2013) analyze

the optimal combination of progressive income taxes and education subsidies in a model

with endogenous human capital, borrowing constraints, and incomplete financial markets.

They find that progressive taxes distort labor supply as well as weaken the incentives to

acquire education. They also claim that the latter distortion can potentially be mitigated

by an education subsidy. Similarly, Bovenberg and Jacobs (2005) and De Fraja (2002)

study optimal education subsidies and find that education policy offsets some of the tax-

induced distortions on learning. Guvenen et al. (2014) abstract from the question of

optimality and focus on the distortionary impact of progressive taxation on human capital

accumulation which affects the income distribution and inequality.

The studies mentioned above look at education subsidies and tax distortions in a the-

oretical framework suitable for developed countries. However, in developing countries, the

existence of a large informal sector may have important implications.

First, in the presence of informality, individuals may adjust both the intensive and

the extensive margins of their labor supply such that they can reduce hours of work or

operate informally as a response to government policies. Second, human capital accumu-

lation may have asymmetric returns in the formal and in the informal sector leading to

the reallocation of labor with important fiscal consequences. The empirical evidence in-

dicates that low-educated individuals are more likely to be informal (Arbex et al. (2010),

Lopez Garcia (2015), Meghir et al. (2015)). A hypothesis in the informality literature

is that some individuals are not skilled enough to operate in the formal sector and are

rationed out to informality (see Maloney (2004) for a discussion). However, more recent

studies state that unskilled low-educated individuals rationally choose to become informal

due to a comparative advantage in this sector (Lopez Garcia (2015), Araujo et al. (2013),

Fairris and Jonasson (2016)). In particular, Lopez Garcia (2015) shows that human capital

accumulation and preferences for job amenities explain up to 72% of transition between

the informal and the formal sector.
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The literature focusing on education policies and informality is surprisingly scarce.

Haanwinckel and Soares (2017) emphasize that improvements in the labor force schooling

and skill level may be more effective in reducing informality in the long term compared

to other commonly used instruments. The authors document that informality is strongly

responsive to the composition of the labor force. A labor force with higher levels of

schooling generates incentives for firms to grow and formalize which decreases informality

in the long run.

El Badaoui and Rebiere (2013) develop a search and matching model of a dual labor

market to theoretically analyze the impact of increasing access to education on employment

flows. In their model, the formal sector is reserved for educated and trained-on-the-job

workers, and the informal sector is accessible to all workers. They find that a rise in access

to education reduces the size of the informal sector if financed with an external subsidy.

However, if an education subsidy is financed by a tax on formal sector firms, it reduces

the labor market efficiency. Similarly, Bobba et al. (2018) build a search and matching

model where firms and workers are forming formal and informal matches. Workers choose

the level of schooling before entering the labor market. The authors study the role of the

dual social security system in Mexico and find that changing the social security system

can increase output, schooling, and long-term productivity at a small fiscal cost.

The study of D’Erasmo et al. (2014) focuses on the demand side for skilled and unskilled

labor by firms that may operate either formally or informally. They analyze the role of

institutions in shaping the demand for human capital and the level of informality. The

authors show that countries with a low degree of debt enforcement and high costs of

formalization are characterized by relatively lower stocks of skilled workers, larger informal

sectors, and low efficiency.

Importantly, Berniell (2020) in a similar framework with human capital investments,

occupational choice and an informal sector theoretically explains the cross-country differ-

ences in the level of entrepreneurship, informality, and human capital investment. She

finds that a higher level of informality discourages human capital investments for workers

but incentivizes these investments for entrepreneurs.

In contrast to the studies mentioned above, this paper analyzes education financing in

the presence of an informal sector in a quantitative general equilibrium framework. I focus

on individual choices and labor supply decisions. Due to a rich heterogeneity of individuals

and endogenous educational and occupational choices the model allows to analyze the

impact of education and tax policies on labor composition, fiscal and welfare implications.

I also study the impact of progressive taxation in the set-up with endogenous human

capital accumulation and endogenous informal employment contributing to the literature

described above.
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3 Empirical Evidence, Brazil

In this section, I provide empirical facts on the education system and education outcomes,

as well as labor informality in Brazil.

The education system in Brazil can be roughly divided into three levels: primary,

secondary and tertiary education. Primary education is mandatory for children from age

6 to 14. Secondary education (high school) is available only if the elementary school is

finished and normally lasts for another three years. Tertiary education is conditional on

finishing a high school degree and has different length, between three and up to eight years,

depending on the area of specialization and an academic level, bachelor’s or master’s.

According to the OECD (2018) report, educational attainment in Brazil is low com-

pared to other OECD countries. Only 69% of the 15-19 years old and 29% of the 20-24

years old are enrolled in education institutions compared to the OECD average of 85%

and 42%, respectively. Strikingly, over half of Brazil’s adult population (25-64 years old)

have not completed secondary education, which is more than double the OECD average.

There are considerable differences in how education is financed depending on the level

of education. Over 80% of primary and secondary students attend public institutions

which are free of charge. On the contrary, over three-quarters of bachelor’s students

in Brazil attend private universities which charge a wide range of tuition fees (OECD

(2019)). Although spending in public institutions increased by 19% between 2010 and

2016, spending per student is still below the OECD average at USD 14200. Direct spending

on public institutions represent about 1% of the country’s GDP. Including transfers to

households, public spending on education account for 1.4% of GDP. Brazilian Campaign

for the Right to Education (2018) reports that in order to reach the goals stated in the

National Education Plan, Brazil has to invest three to five times more in education per

student compared to the current investment.

Apart from a relatively low level of educational attainment, another important feature

of the Brazilian labor market is a high level of informality. Schneider et al. (2010) report

that the size of the shadow economy in Brazil is around 32.5% of GDP and the share of

informal labor ranges between 15% and 40% depending on the definition of informality

(Meghir et al. (2015)). In this study, I use a conservative definition of informality, such

that I define a worker as informal if she reports to be an employee but has not signed a

working contract and does not pay social security contributions. I abstract from the self-

employed which are often considered to operate informally for two reasons. First, from

the Brazilian micro data PNAD it is impossible to identify whether a self-employed works

formally or informally. Second, the costs and benefits of education can be very different

for the employees and the self-employed for whom the entrepreneurial talent is potentially

more important than the educational attainment.

Table 1 reports the share of individuals who have completed primary (low-educated),
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secondary (middle-educated) and tertiary education (highly educated) within formal and

informal sectors. Almost a half of those who are formally employed have a high-school

degree, around 29% are low educated and around 17% are highly educated. In the informal

sector, on the contrary, the majority of workers are low-educated 49%, and the share of

highly educated individuals is lower compared to the formal sector. Additionally, running

a Probit regression and controlling for age, gender, region and race reveals that the level

of education has negative significant effect on the probability of operating informally.2

This result is consistent with the empirical studies of Araujo et al. (2013) and Fairris and

Jonasson (2016) among others.

Table 1: Education Distribution within Sectors

Education Formal Informal

Primary, % 28.71 48.67

Secondary, % 54.65 40.36

Tertiary, % 16.65 10.97

Total, % 100 100

Sector size, % 82.4 17.6 100

Notes: The table compares educational attainment between the formal and the informal sectors. Data

source is PNAD from 2010 to 2015. The definition of informality is conservative and excludes self-employed,

focusing solely on the informal employees.

It is important to understand how the educational attainment effects future wages of

employees. In order to shed light on the education premia in the formal and informal

sector, I run a wage regression for both sectors controlling for age, race and region. I focus

on male workers only such that I do not have to control for gender. Table 15 illustrates

the results. The dependent variable is a gross hourly wage in a particular sector. First,

the coefficients for education are positive and statistically significant for formal as well

as informal workers. Second, the education premium is larger in the formal sector. One

additional year of studying increases the wage in the formal sector by 7.5% in contrast to

6.9% in the informal sector. Araujo et al. (2013) evaluates the Brazilian informal labor

market and documents a similar set of facts about the education premium in the formal

and the informal sector as in this section. Additionally, Arbex et al. (2010) conducts a

detailed empirical investigation of the education premium in the informal sector.

Following these empirical facts, I build a two-sector life-cycle model where individuals

invest in their human capital through education and can choose a sector of occupation,

formal or informal. Education requires time and monetary input. A part of monetary costs

is financed by the government. Both formal and informal workers receive an education

2See Appendix 8.1, Table 14 for the details.
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premium with a higher return to human capital for the former. Additionally, formal

workers face progressive labor taxes whereas informal workers escape taxation.

4 The Model

I build a dynamic general equilibrium overlapping generations model in the spirit of Auer-

bach and Kotlikoff (1987) with income and lifespan uncertainty as in Huggett (1996).

Individuals go through three stages of their life: (1) the young, education period; (2)

the working period and (3) retirement. In the first stage of their life, individuals make

the educational choice given their asset position and innate learning ability. Education

requires time and monetary investment. A certain share of education costs is subsidized

by the government. In the second stage of life, individuals make an occupational choice.

They may work in either a formal or an informal sector and may switch between them

during their working lives. The formal sector features a higher education premium and

individuals enjoy higher gross wages compared to informal employees. However, formal

workers must pay progressive income taxes. Informal workers, on the contrary, do not pay

taxes but bear a fixed utility cost associated with informal employment. This utility cost

reflects the lack of social security in the informal sector. Individuals retire when they reach

the retirement age and receive pension benefits. Additionally, there are formal and infor-

mal firms that hire formal and informal labor, respectively. The government collects tax

revenues to finance its expenditures which include education subsidies, pension payouts

and government consumption.

4.1 Households

Demographics

The economy is populated by overlapping generations of individuals. Individuals enter

the economy at the age of j0 and face lifespan uncertainty. The conditional probability of

survival from age j to age j + 1 is denoted as ψj. The maximum possible age is j = J ,

with ψJ = 0. The size of a new cohort grows at a constant rate n. Bequests b are assumed

to be collected and distributed to the young population to mimic the inter-generational

transfers. Individuals enter the economy with initial assets a0 drawn from a log-normal

distribution Lognormal(µa, σa).
3 The implication of this assumption is that the young

individuals start their life-cycle with different initial financial conditions.

Households differ with respect to their age j, an asset position a, an idiosyncratic pro-

ductivity ε, an innate learning ability e and a level of education h which is defined after the

3The mean of the distribution µa is defined by the accidental bequests, whereas the dispersion σa is

set to match the asset distribution in Brazil. Further discussion is provided in Section 5.
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first stage of live and does not change afterwards.4 Asset markets are incomplete, that is,

households cannot insure against shocks to working productivity ε. Moreover, individuals

are borrowing constrained.

Preferences and Endowments

Households maximize the expected sum of discounted utility given by:

Ej0

J∑
j=j0

βj−j0ψju(cj, l̃j), (1)

where β ∈ (0, 1) is the time discount factor, cj and l̃j is consumption and leisure at the

age of j respectively. The total time endowment is normalized to one.

Educational Choice

Individuals enter the economy with an innate learning ability e ∈ (0, 1) drawn from a

truncated normal distribution N(µe, σe) and with the initial assets a0. The young split

their time endowment between leisure l̃j, working time l and education time q, hence

l̃j + l + q = 1. The effective time spend on education is heterogeneous and depends on

the innate learning ability e. The higher the learning ability, the lower is the required

time investment, reflecting the fact that for more able individuals it is easier to acquire a

certain level of human capital h, hence q = ξ(e)h and ξ′(e) < 0. Apart from the time cost,

education requires a monetary investment κ per unit of human capital h. κ is interpreted

as an annual tuition fee and h as the amount of academic years which defines the level of

education. The share s of education expenditures is covered by the government to reflect

the publicly financed share of education costs. Hence, the total monetary cost of education

borne by a student is (1− s)κh.

The young individuals can work l hours and receive labor income εwl which depends

on the idiosyncratic labor productivity ε, wage rate w and hours of work l. For simplicity,

I assume that the wage rate in the first period is equal to the wage rate in the informal

sector w = wI and stays fixed across counterfactual experiments. Additionally, the young

can borrow up to a borrowing limit A.

Individuals choose education level, consumption, labor supply and savings in order to

maximize their expected lifetime utility subject to their budget constraint.

V Y (j, a, ε, e, h) = max
c,h,l,a′

(u(c, l, h) + βψjE[V (j + 1, a′, ε′, h)|ε]) (2)

4For simplicity, I abstract from the human capital accumulation during the working life.
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subject to

(1 + τc)c+ a′ ≤ (1 + r(1− τk))a0 − (1− s)κh+ εwl (3)

a′ ≤ A (4)

where τc and τk are the consumption and capital tax, respectively.

Occupational Choice

Individuals enter the second stage of their life-cycle with a human capital h accumulated

in the first stage. In every period of the working period, an individual decides whether

to work formally or informally. The maximization problem of the working population is

given:

V (j, a, ε, h) = max
sec∈{F,I}

{
V F (j, a, ε, h), V I(j, a, ε, h)

}
, (5)

where V F (.) and V I(.) are the value functions associated with becoming a formal and an

informal worker, respectively.

Formal Workers

In the formal sector, individuals receive income yF which depends on the individual sector-

specific labor productivity ηF , the formal market wage wF and hours of work l. The labor

productivity ηF consists of two components. First, an idiosyncratic labor productivity ε

which is drawn from a finite-state Markov process with transition probability given by

F (ε′|ε). Second, a human capital component exp(θFh) which depends on the human

capital accumulated in the first period h and a sector specific return to human capital θF .

Formal workers pay consumption tax τc and capital tax τk, as well as progressive labor

income tax Tl(.) which is a function of gross income yF .5 Individuals choose consumption,

labor supply and savings in order to maximize their expected lifetime utility subject to

their budget constraint.

V F (j, a, ε, h) = max
c,l,a′

(u(c, l) + βψjE[V (j + 1, a′, ε′, h)|ε]) (6)

subject to

yF = ηFwF l

ηF = ε · exp(θFh)

(1 + τc)c+ a′ = (1 + r(1− τk))a+ yF − Tl(yF ) (7)

5I use a HSV functional form and calibrate the shape of the tax schedule to match empirical moments

from the data.
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Informal Workers

In the informal sector, workers get income yI which depends on the market informal wage

wI , their individual productivity ηI and hours of work l. As before the labor productivity

ηI consists of two components, namely: an idiosyncratic labor productivity shock ε and a

human capital component exp(θIh). The return to the human capital in the informal sector

is different from the one in the formal sector and is assumed to be lower in accordance

with the empirical evidence discussed in Section 3, hence θI ≤ θF . Importantly, informal

workers do not pay the labor tax, in contrast to the formal employees. However, they

bear a fixed utility cost of informality uI (Fernandez-Bastidas (2018), Busato and Chiarini

(2004)). This cost captures the lack of social security and potentially worse working

conditions in the informal sector which I do not model explicitly.

V I(j, a, ε, h) = max
c,l,a′

(u(c, l)− uI + βψjE[V (j + 1, a′, ε′, h)|ε]) (8)

subject to

yI = ηIw
I l

ηI = ε · exp(θIh)

(1 + τc)c+ a′ = (1 + r(1− τk))a+ yI (9)

Retirees

After reaching the retirement age JR individuals stop working and receive a pension benefit

p. I abstract from the possible heterogeneity of pension benefits. Retirement excludes the

possibility to work. Retirees choose their consumption and saving in order to maximize:

V R(j, a) = max
c,a′

(
u(c, 0) + βψjV

R(j + 1, a′)
)

(10)

subject to

(1 + τc)c+ a′ = (1 + r(1− τk))a+ p. (11)

4.2 Firms

Formal Firms

Formal firms hire formal labor LF and rent capital K in order to produce. A representa-

tive formal firm operates under a Cobb-Douglas production function with a technological

parameter AF . Formal firms pay wage wF to their employees. Capital depreciates at the

rate δ.
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Hence, formal firms maximize their profits by solving the problem of the form:

πF = max
K,LF

(
AFKαL1−α

F − wFLF − (r + δ)K
)
, (12)

where α ∈ (0, 1) is the share of capital in the production function.

Informal Firms

Informal firms hire only the informal labor LI in order to produce. La Porta and Shleifer

(2014) document that informal firms are much more labor intensive than the formal ones.

I follow Ihrig and Moe (2004), Busato and Chiarini (2004) and assume that informal firms

do not use capital and produce with linear production function in labor and a productivity

parameter AI .

The optimization problem of a representative informal firm reads as follows:

πI = max
LI

(
AILI − wILI

)
. (13)

4.3 Government

The government collects revenues from the consumption and capital tax paid by all indi-

viduals. Additionally, it receives the labor income tax payments from formal workers. The

revenues are spent on education subsidies, pension payouts and government consumption

G.

4.4 Timing of Events

The sequence of events in this economy unfolds as follows:

1. Individuals enter the economy at the age of j = j0 with assets a0 and an innate

learning ability e. They choose how much to consume and save, as well as how much

time to work and learn.

2. In each period of the working stage, individuals choose their occupation either in

the formal or in the informal sector, o ∈ {F, I}. In both sectors, the workers choose

their consumption, savings and hours of work.

3. Finally, at the age of j = JR individuals retire and receive their pension benefits p.

At the age of j = J individuals die with certainty.
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4.5 Stationary Competitive Equilibrium

For a given set of exogenous demographic parameters {n, ψj} and a given stream of

government expenditures {G}, a competitive equilibrium is characterized by sequences

of household policies and value functions
{
c, l, h, a′, o, V Y , V F , V I , V R

}
for each state

x ∈ {j, a, ε, e, h}, production plans {Y,K,LF , LI}, sequences of taxes {τc, τk, Tl(.)}, ed-

ucation subsidy and pension benefit {s, p}, sequences of prices
{
wF , wI , r

}
, as well as a

distribution of individuals µ that satisfy the following conditions:

1. Taking prices as well as tax and other policy parameters as given, individuals choose

their consumption, labor input, savings, investment in education and occupation in

order to maximize their expected discounted utility specified by equations (2), (5),

(6), (8) and (10).

2. Factor prices are determined competitively:

r = αAFKα−1L1−α
F − δ,

wF = (1− α)AFKαL−αF ,

wI = AI .

3. The initial total amount of assets is equal to the amount of assets left by the deceased.

A0 =

�
x

a′(x)(1− ψj)dµ(x).

4. The labor, capital and the goods markets clear:

LF =

�
x

1FηF l(x) dµ (x) ,

LI =

�
x

1IηI l(x) dµ (x) ,

K =

�
x

a (x) dµ (x) ,

Y =

�
x

c(x)dµ+G+ Ĩ ,

where 1F and 1I are the indicator functions, taking the value of one if the individual

is employed formally or informally, respectively. Ĩ is the total investment and Y

denotes the total production in the economy comprising production in both sectors.
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5. The government budget constraint is balanced:

G+

�
x

1Rp · dµ(x) +

�
x

1Y s · κ · h(x)dµ(x) =
�
x

(τkr · a(x) + τcc(x))dµ(x) +

�
x

1F (Tl(y
F (x))dµ(x)

where 1R and 1Y are the indicator functions, taking the value of one if the individual

is a retiree or a student, respectively.

6. The distribution of individuals across states is stationary:

µ(x) = Rµ [µ(x)] .

5 Calibration

My main source of data for this study is the Brazilian National Household Sampling Survey

(PNAD) for a period from 2010 to 2015. PNAD is a survey conducted annually by the

Brazilian National Statistics Bureau (IBGE) and investigates a wide range of population

characteristics such as education, labor and income. PNAD is a cross-sectional data which I

pool for calculating main calibration targets regarding educational attainment, occupation

and income. For estimating a stochastic ability process, I rely on the labor force survey

of Brazil, Pesquisa Mensal de Emprego (PME). The advantage of the latter is the panel

dimension, however, it has a smaller coverage in terms of survey questions. Both data sets

are conducted by the IBGE and are complementary to each other.

For the purpose of this paper, I focus on male individuals of age 25-65 who are household

heads.6 Following the literature, I define an individual to be working informally if she is an

employee but did not sign a working contract (working card) with the exception for public

employees who do not have to sign it (Ulyssea 2018). I do not consider individuals who

report to be unpaid workers, unemployed or self-employed. It is evident that a substantial

share of the self-employed in Brazil operate informally. However, the effect of education on

the entrepreneurial ability may be different from the effect of education on the productivity

of employees (see, e.g., Berniell (2020)). Hence, I abstract from the self-employed in this

study.7 Another possible concern is that individuals may operate formally and informally

simultaneously making it difficult to categorize an individual in either of a group. In my

sample, less than three percent of individuals report to have more than one job making this

concern negligible. The summary statistics of my sample are presented in the Appendix.

The rest of this section is organized as follows: First, I report the functional forms

and parameters which are fixed outside the model. Then I discuss internally calibrated

6I use this sample to derive targets for the working population in the model.
7See Di Nola et al. (2021) analyzing tax evasion by self-employed.
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parameters which are set to match selected data targets. Finally, I present the model fit

along several dimensions of the data and discuss the model performance.

5.1 Functional Forms and Externally Fixed Parameters

The demographic structure of the economy is set externally. The population growth n,

is fixed to 1.8% which is the number used by Jung and Tran (2012) and refers to the

annual population growth in Brazil.8 The conditional surviving probabilities, {ψj}Jj=0, are

taken from the life-tables provided by the World Health Organization.9 Individuals enter

the economy at the age of j0 = 15 when they start making their education choice. Since

primary education in Brazil is compulsory I assume that attending a school till the age

of 15 is not a choice. I set the retirement age to 60 years which is close to the average

retirement age in Brazil10 and the maximum age in the economy to 90 years.

Table 2: Externally Calibrated Parameters

Parameter Description Value Source

Demographics

n population growth 1.8% Jung and Tran (2012)

{ψj}Jj=0 surviving probabilities Figure 8 WHO

J maximum age 90 years WHO

JR retirement age 60 years World Bank (2017)

Preference and ability process

σ rel. risk aversion = 2 3.5 standard value

ρη persistence 0.776 micro data (PME)

ση standard deviation 0.354 micro data (PME)

Technology and production

α capital share 0.36 standard value

AF TFP, formal sector 1 normalization

Government

τhsv income tax, progresivity 0.05 Gobetti and Orair (2017)

The utility function u(.) is defined as:

u(c, 1− l) =
(cν(1− ξ(e)h− l)1−ν)1−σ

1− σ
.

where ν denotes the intratemporal elasticity of substitution between consumption and

leisure and σ > 0 is the risk aversion parameter. I assign a value of 3.5 to σ which results

8For computational purposes one period in the model is equivalent to five years. In this section I report

annual values. For the computations I have to translate annual values to their 5-year period equivalents.

For example, the population growth for a model period is (1 + n)5 − 1 = 0.093 or 9.3%.
9The right panel of Figure 8 shows the conditional surviving rates along age.

10On average individuals retire when they are 58 (World Bank (2017)).
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in the coefficient of relative risk aversion being around 2 which is a standard value in

the macroeconomic literature. For the time cost of education, ξ(e), I follow Krueger and

Ludwig (2013) and assume a linear decreasing function: ξ(e) = 1 − e where e ∈ (0, 1).

After the education period, a term ξ(e)h disappears since h = 0.

I estimate a stochastic process for labor productivity ε following two steps, as it is

standard in the literature (see, e.g., Guvenen (2009) and Heathcote et al. (2017)). First,

I regress hourly wages on the observable household characteristics such as age, education

and experience in order to obtain a measure of labor income residuals εt. Second, I model

the residuals as a first-order autoregressive process:

log εt+1 = ρε log εt + ζε,t+1, (14)

where ζε,t+1 ∼ N(0, σ2
ε). I estimate this process and obtain the persistence parameter

ρε = 0.78 and the dispersion parameter σε = 0.35. I approximate the stochastic process in

(14) by a discrete Markov chain following the procedure described in Tauchen and Hussey

(1991).

The parameter α represents the capital share in the formal sector production and is set

to 0.36 which is standard in the macroeconomic literature (see, e.g., Conesa and Krueger

(1999)). The total factor productivity of the formal sector AF is normalized to unity.

For the calibration of the progressive income taxation, I follow Heathcote et al. (2017)

and consider a functional form:

Tl(y) = y − λhsvy1−τhsv ,

where Tl(y) is the tax rate at the income level y, τhsv > 0 is a measure of progressivity

of the tax schedule and λhsv is a parameter that governs the average tax rate. I use the

data from Gobetti and Orair (2017) who report average tax rates by income brackets in

Brazil to pin down the shape of the tax function τhsv. I recover a value of 0.05 which is

consistent with the estimates by Bick et al. (2020). λhsv is calibrated internally to match

the labor income tax revenue to GDP ratio in Brazil. The recovered tax function as well

as the comparison to the data is presented in the Figure 7.

All externally set parameters are reported on the annual basis in Table 2.

5.2 Internally Calibrated Parameters

After setting the external parameters, there are 16 remaining parameters that are cal-

ibrated internally, namely: the discount factor β, the capital depreciation rate δ, the

weight on consumption in the utility function ν, two parameters in the learning ability

distribution µe and σe, the education subsidy rate s, the annual tuition fee κ, the utility

cost of informality uI , the rate of return to human capital in the formal and the informal

sectors θF and θI , the TFP in the informal sector AI , the pension p, consumption and
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capital taxes, τc and τk, the level of labor income taxation λhsv and the dispersion of the

initial asset distribution σa. I calibrate these parameters to match 19 selected moments

from the data listed in Table 3.

Table 3: Internally Calibrated Parameters

Parameter Description Value Target

β discount factor 0.97 interest rate

δ depreciation rate 0.06 capital-output ratio

ν weight on consumption 0.42 average hours worked

µe learning ability, mean 0.4 share of low, middle and

σe learning ability, st. dev. 0.8 highly educated

s subsidy rate 0.33 education expenditure to GDP

κ tuition fee 0.35 tuition fee to GDP

uI cost parameter 0.25 share of informal workers

θF education premium 2.0 income profile by sector and education

θI education premium 1.2 income profile by sector and education

AI TFP, informal sector 0.29 income profile by sector and education

p pension 0.195 pension exp. to GDP

λhsv labor income tax, level 0.75 labor income tax revenue to GDP

τc consumption tax 0.23 goods and services tax revenue to GDP

τk capital tax 0.08 property tax revenue to GDPa

σa initial asset distribution, st. dev. 1.75 Gini wealth

aThe major components of property income are interest, dividends, and rent.

It is well understood that all the model parameters affect all the targets, but we can

nonetheless outline which data moment is most informative about a specific parameter.

The interest rate and the capital-output ratio identify the discount factor β and the de-

preciation rate δ. The weight on leisure 1 − ν is pinned down by matching the average

labor supply in Brazil, measured as the percentage of time endowment devoted to market

work.

The parameters for the distribution of the innate learning ability µe and σe are set

to match the share of low, middle and highly educated individuals in the data. In the

data, I define low-educated as those who have attained primary mandatory education,

middle-educated are those who have a high-school degree and highly-educated are those

who have acquired tertiary education. In the model, I define low-educated as those who

choose to invest zero hours in education. My model starts at the age of 15 such that the

primary education has been attained already. I consider this as a reasonable assumption

since the primary education is compulsory in Brazil and is not a choice. In the model,

the educational choice is the level of education defined by the academic years. In Brazil,

high-school and tertiary education take on average 8 years, 3 of which are required to

complete a high-school degree and another 5 years to finish a university degree. I define
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the middle-educated in the model as those who have completed (3/8) ∗ 100% = 37.5%

academic years which can be interpreted as a high-school degree. Highly educated in the

model are those who have attained more than 37.5% of possible academic years.11

There is no direct value for the share of public education financing in Brazil, hence,

the subsidy rate s is calibrated to match the government education expenditure to GDP

ratio. The annual tuition fee κ is identified by matching the average tuition fee to GDP

per capita in Brazil.

The utility cost of informality uI identifies the share of informal workers in the economy.

The education premia parameters θF and θI as well as the TFP in the informal sector AI

(three parameters) are used to match the average gross hourly wages in two sectors for

three education levels (6 moments).

I determine the pension in the economy p so that the pension expenditure to GDP

ratio is consistent in the data and in the model. The value for the labor income tax level

λhsv is identified by matching the labor income tax revenue to GDP ratio. Finally, I set

the parameters for the consumption and capital tax to 23% and 8%, respectively, to match

the tax revenues to GDP ratio for consumption and capital tax.12

To capture the heterogeneity of assets at the time when the educational decision takes

place, I assume that a0 is drawn from a log-normal distribution Lognormal(µa, σa). The

mean of the distribution µa is defined by the accidental bequests left by the deceased,

whereas the dispersion parameter σa is identified by matching the asset Gini coefficient

and the share of assets held by the bottom 90% of population. The recovered value is

σa = 1.75. Table 3 summarizes the recovered values for the internal parameters. The

presented values are annualized.

5.3 Model Fit

Before analyzing the mechanism of the model and discussing the results, I present how the

model performs in terms of matching the data and discuss its limitations.

The model fit is presented in Table 4. The annual interest rate in the model is close to

the annual real interest rate in the data. The latter is taken from the data provided by the

Federal Reserve Bank of St. Louis.13 The capital-output ratio as well as the labor supply

in the model and in the data are also consistent. The data target for the capital-output

ratio is taken from the empirical study of Filho (2002). The labor supply is defined as the

percentage of time endowment devoted to market work. The data target was calculated

11Note that the level of education h is a discrete variable taking limited amount of values, hence the

time invested in education q should not be interpreted as hours but rather as years invested in education.
12The empirical counterpart for the consumption tax is the tax on goods and services whereas for the

capital tax - the property tax.
13Note, that I take the nominal interest rate of Treasury bills in Brazil and adjust for the inflation over

the period of 2010-2015. This time range is chosen to stay consistent with the period I use in PNAD.
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using PNAD for a pooled sample of workers both formal and informal during the period

of 2010-2015.

Table 4: Model Fit, Targeted Moments

Moments Data Model Source

Interest rate 5% 5.2% FRED

Capital-output ratio 3 3.05 Filho (2002)

Labor supply 36.32% 36.46% PNAD (2010-2015)

Low educated 32.22% 30.23% PNAD (2010-2015)

Mid. educated 52.13% 52.2% PNAD (2010-2015)

Highly educated 15.65% 17.56% PNAD (2010-2015)

Educ. exp. to GDP 1.4% 1.24% OECD

Tuition fee to GDP per cap. 91.43% 95.54% World Bank

Share of informal workers 17.6% 17.02% PNAD (2010-2015)

Pension exp. to GDP 11% 11.51% OECD

Labor tax rev. to GDP 11% 11.34% IMF a

Consumption tax rev. to GDP 14.2% 14.26% IMF

Capital tax rev. to GDP 1.3% 1.41% IMF

Bottom 90% 50.00% 50.3% Statistab

Gini wealth 72.86 74.36 Fortunec

adata-imf.org. Government Finance Statistics. Brazil 2010-2015.
bhttps://www.statista.com/statistics/754724/wealth-distribution-income-share-brazil/
chttp://fortune.com/2015/09/30/america-wealth-inequality/

Importantly, the model captures the shares of low, middle and highly educated individ-

uals reasonably well. The definition of education categories in the data and in the model

are explained above. Figure 9b shows the recovered distribution of the innate learning

ability e.

OECD (2019) reports that the direct spending on public education institutions in

Brazil accounts for around 1% of GDP in Brazil. Including transfers to households raises

this number to 1.4% of GDP. The model generates a value of 1.24%. The tuition fee for

tertiary education in Brazil is around 9500EUR14 which is 10686USD with the exchange

rate of 1USD = 0.89EUR. The average GDP per capita in Brazil over the period of 2010-

2015 is 11688USD (World Bank data base). Hence, the tuition fee to GDP per capita

ratio in Brazil is 10686/11688 = 0.914 or 91.43%. The model counterpart is 95.54%.

Admittedly, the tuition fee may be heterogeneous for different individuals. Since I do not

have information about the distribution of the tuition fees in Brazil I target the average

value.

14https://www.master-and-more.eu/en/how-much-does-education-cost-around-the-world/
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Table 5: Model Fit, Wage Profile across Sectors and Education Levels

Moments Data Model

Formal

low-educated 0.64 0.55

mid-educated 0.84 1.03

high-educated 2.44 2.10

Informal

low-educated 0.49 0.14

mid-educated 0.74 0.45

high-educated 2.18 1.93

Gross hourly wages by a respective group normalized by the mean gross hourly wage in population. Data source: PNAD (2010-2015).

.

The share of the informal employees in the economy is matched well. I calculate the

share of informal workers from PNAD using a conservative definition of an informal worker

described above. Around 17.6% of private sector employees did not sign a working contract

and operate informally.

The model generates the pension-expenditure to GDP ratio of 11.51% which corre-

sponds to the value in the data of 11% reported by OECD (2016). The consumption and

capital tax revenues to GDP ratios in the data and in the model are consistent. The empir-

ical counterpart for the consumption tax is the tax on goods and services whereas for the

capital tax, the property tax. The data targets are reported by the IMF in Government

Finance Statistics. Labor income tax revenue consists of taxes on payroll and workforce

as well as social contributions. The labor income tax revenue to GDP ratio is equal to

11% in the data and 11.34% in the model.

According to the empirical evidence, the poorest 90% of the population in Brazil hold

around half of the total wealth and the remaining 10% of the population hold another half.

Moreover, the wealth Gini coefficient is around 72.86%. The model replicates these num-

bers with the dispersion parameter σa = 1.75. Figure 9a shows the recovered distribution

of initial assets.

Table 5 shows the fit of gross hourly wages, normalized by the mean gross hourly

wage in the economy, across sectors of production for different education groups. There

are 6 targeted moments and only three parameters in the model I use to match them.

Specifically, I calibrate returns to human capital in the formal and informal sectors θF

and θI as well as the TFP in the informal sector Ai. The latter governs the relative level

of wages in the informal sector. The model outcome is the result of multiple endogenous

factors such as the market wages in both sectors, human capital accumulation and self-

selection into the sector of production. Given the complexity of interactions, the model

performance is satisfactory but it should be taken as a model’s limitation that the wages
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of low-educated informal workers are lower in the model compared to the data.

Table 6: Distribution of Education within Sectors

Education
Formal Informal

Data Model Data Model

Low, % 28.71 23.72 48.67 61.98

Middle, % 54.65 57.6 40.36 25.91

High, % 16.65 18.68 10.97 12.11

Total, % 100 100 100 100

Table 6 illustrates the within sector composition of educational attainment in the data

and in the model which were not explicitly targeted. The model’s shares of low, middle

and highly educated individuals in the formal sector are close to the data counterparts.

However, the model exaggerates the share of low educated individuals in the informal

sector. Additionally, Table 7 presents the level of informality by the level of education.

Both in the data and in the model, the share of informal workers is the highest for the

lowest level of education. Interestingly, the level of informality does not decrease with the

accumulation of the years of education but rather follows a U-shape. The share of the

informal workers drops for the group of the middle-educated but then rises again for the

highly educated individuals. I describe how the model can explain this pattern in Section

6.

Table 7: Level of Informality by Education Level

Data Model

Low, % 26.56 34.9

Middle, % 13.62 8.45

High, % 15.22 11.73

6 Results

In this section, I first discuss the aggregate performance of the model. In particular, I

explain the life-cycle patterns of consumption, labor supply, and aggregate savings for the

whole population. Next, I present the optimal educational and occupational choices in

the model and highlight their interrelation. Finally, I assess the outcome of the policy

experiments which include an increase of the education subsidy and a change in the tax

schedule. For the latter experiment, I consider both a change in the level of taxation as

well as a change in the tax schedule progressiveness.
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Figure 1: Means over the Life-cycle
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Notes: The left panel illustrates the mean asset accumulation over the life-cycle. The right panel shows

the mean life-cycle profiles of consumption and labor supply measured in efficiency units for the whole

population. Both figures show the results in model units.

6.1 Aggregate Performance of the Model

Figure 1 illustrates average life cycle profiles of consumption, labor supply in efficiency

units, and asset accumulation for the whole population. The outcome is standard for an

OLG model.

Individuals accumulate assets during their working period to insure themselves against

negative income shocks as well as to smooth their consumption in the retirement period.

Figure 1a shows that individuals start to deplete their accumulated assets after the retire-

ment age. Since there is no bequest motive in the model the savings in the last period of

life drop to zero.

The labor supply follows a declining pattern over the life cycle due to the wealth effect.

With higher accumulated assets workers tend to value leisure more and work fewer hours.

Figure 1b shows labor supply measured in efficiency units which comprises both hours

worked as well as the labor productivity. Figure 13 shows hours of work only. After

reaching the retirement age individuals stop working, hence the labor supply reduces to

zero. With the increasing demand for leisure over the life-cycle, the household favors an

increasing consumption path. During retirement, individuals receive pension benefits that

are lower than their labor income, and the average consumption level decreases.

Assets, consumption, and labor supply separately for the formal and the informal

employees as well as hours of work and the level of informality over age are reported in

the Appendix 8.3.
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6.2 Educational and Occupational Choice

In this subsection, I explain an educational and an occupational choice of individuals

which are two key elements of the model. The left panel of Figure 2 shows the level of

education attained by the asset position for different levels of the innate learning ability.

The level of education is normalized between zero and one and is a discrete variable. We

should think of the level of education as a number of academic years such that a value of 0.2

corresponds to one year15. To attain a certain level of education an individual has to invest

both time and money. The benefit of education is the education premium which ensures

higher wages in the future. A high learning ability e means that a student learns faster

than her peers and the effective time cost of education is comparatively lower. Hence,

students with a high learning ability attain a higher education level. Similarly, the higher

the initial amount of assets the higher is the chosen education level, since for wealthy

individuals education is more affordable. It is important to note that after a certain level

of assets, low-learning-ability students choose a lower level of education which is a result

of the wealth effect. For wealthy individuals, leisure becomes more important than the

education premium in the future. The distribution of the initial assets and the innate

learning ability are presented in Figure 9a and Figure 9b, respectively. It is important

to understand the relationship between educational and occupational choices. Figure 2b

depicts occupational choice for different levels of education and labor productivity. The

value of one refers to the formal occupation whereas the value of zero to the informal

occupation.16 The education level affects the occupational choice differently depending on

the labor productivity ε. Low educated and low productive workers choose to be informal.

For them, the difference between the education premia in the formal and in the informal

sectors is relatively small. Hence, the untaxed informal sector is more attractive. Highly

educated workers who face a high productivity shock also choose to be informal. For

them the difference in the education premia is high but the increase in taxation due to

its progressive nature prevents them from operating formally. Individuals with average

characteristics like those who have (1) average labor productivity and average educational

attainment, (2) a low level of education but high labor productivity, or (3) a high level

of education but low labor productivity choose to operate formally. For them, a higher

education premium in the formal sector out-weights the labor income taxation.

Table 6 and Table 7 presented above show the equilibrium outcome of the educational

and occupational choices in the model and data. The interaction between the education

premia in both sectors and the progressive taxation results in a U-shape pattern of the

informality level along educational attainment presented in Table 7.

15Note that one period in the model is five years.
16All other variables of the state space are fixed to their average values.
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Figure 2: Educational and Occupational Choice
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Notes: The left panel shows the level of education for different innate learning abilities and assets. The

right panel depicts an occupational choice for different education level and labor productivity ε. The value

of one means the formal occupation whereas the value of zero means the informal occupation.

6.3 Policy Experiments

In this subsection, I analyze the effects of different policy reforms. In the first step, I study

the impact of an increase in the education subsidy on educational attainment, occupational

choice, and aggregate outcomes. Next, I analyze the effects of tax policies on educational

and occupational choices with a focus on fiscal and welfare implications.

Education Subsidy

In this experiment, I vary the subsidy rate s from 0 to 1 which means that the government

finances from 0 up to 100% of education costs. The results are presented in Table 8.

Subsidizing education makes it more affordable and individuals become more educated.

If the government carries all the monetary costs of education (subsidy = 1), the share of

highly-educated individuals increases from around 17% to over 68% and the share of low-

educated individuals drops to zero. Figure 14b compares the education policy functions

for the benchmark economy and an economy where the subsidy level is 100%. Individuals

with all types of innate learning ability increase their human capital investment.

In general, increasing educational attainment reduces the share of informal employees.

Increasing the subsidy from the benchmark value of 0.33 to 0.9 reduces informal employ-

ment from 17.02% to 8.63%. Increasing the subsidy further to 100% drives the share of

informality slightly up to 8.7%. This result indicates that the increase in the education

level does not necessarily lead to expanding formalization. It does so, only if the expected
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gain from a higher education premium in the formal sector out-weights the tax cost.

The combination of higher human capital accumulation and the reallocation of labor

from the informal to the formal sector leads to multiple aggregate effects. First, individuals

become richer due to the increased human capital which affects individual productivity

and wages. Hence, workers can accumulate more assets and reduce hours of work. The

increase in asset supply reduces the interest rate and increases the formal market wage in

the economy. On the contrary, the increase in the formal labor supply reduces the formal

market wage such that the resulting wage rate remains relatively constant. The increase

in both physical and human capital leads to a considerable increase in GDP.

Welfare measured in terms of consumption equivalent variation (cev)17 increases as the

subsidy is raised. This result is driven by three forces: (1) the utility of consumption, (2)

the disutility of labor, and (3) the disutility of operating informally. First, with the increase

in the education subsidy, individuals become richer and can afford more consumption.

Second, workers reduce their hours of work from around 36% of their time endowment

in the benchmark economy to nearly 28% in the economy with the 100% subsidy level.

Third, the reduction in informality decreases the number of individuals suffering the utility

cost associated with worse working conditions and a lack of social security in the informal

sector. All in all, the welfare gain from subsidizing education is large. To keep individuals

indifferent between the two economies where the subsidy rate is 0.33 and 1, one has to

increase the consumption of the benchmark economy by 94% or to increase the income by

32%.

Figure 3 shows the fiscal outcomes of the education policy. The increase in the subsidy

rate increases the education expenditures exponentially. The blue dashed line shows that

education expenditures measured in model units increase from zero to 3 as the subsidy

increases from zero to 100%. The education subsidy to GDP ratio increases from 1.24% to

6.29% (see an extended Table in the Appendix). At the same time capital, consumption,

and income tax revenues increase. The latter increase due to an increase in the tax base

from formalization and an increase in income due to a higher education level. The con-

siderable expansion of consumption and income tax revenues covers the raise in education

expenditures. This means that the education subsidy is self-financed in the long run and

additional tax revenues can be redistributed back to the population to further increase

their welfare.

Figure 3b shows the difference between the total tax revenues and the total expendi-

tures. The positive value means that there is a fiscal surplus whereas the negative value

means that there is a fiscal deficit. Since the increase in the education subsidy leads to

17I report this statistic for the working population only since the young population suffers a substantial

disutility due to a very low consumption level and high time investment in education. The value function

for the young is times lower compared to the working population and a slight change in their utility drives

the total result.
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fiscal surpluses, in Table 9 I show the results for the education policy in which the labor

taxation is reduced to clear the government budget. The results with fiscal neutrality

are qualitatively similar to those explained above but quantitatively lead to even higher

welfare gains.

Table 8: Education Subsidy Change

Subsidy s 0.0 0.1 0.2 0.3 0.33 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Share of inf., % 21.97 21.16 19.09 17.29 17.02 16.39 13.68 12.75 9.80 9.04 8.63 8.70

Low educated, % 52.08 49.53 37.97 30.67 30.23 28.49 15.22 12.71 4.42 1.40 0.47 0.39

Mid. educated, % 36.59 37.84 47.09 52.46 52.20 50.36 60.52 58.48 59.69 54.62 43.86 30.86

Highly educated, % 11.34 12.63 14.94 16.87 17.56 21.15 24.27 28.81 35.88 43.97 55.67 68.75

Interest rate, % 5.28 5.24 5.24 5.21 5.20 5.17 5.18 5.12 5.12 5.03 4.97 4.87

Wage ratio 1.72 1.73 1.73 1.73 1.74 1.73 1.73 1.74 1.74 1.75 1.76 1.77

GDP 0.33 0.33 0.35 0.36 0.37 0.37 0.39 0.41 0.43 0.45 0.47 0.50

Hours work, % 37.88 37.64 37.10 36.54 36.36 35.87 35.14 34.26 33.51 32.18 30.48 28.36

Capital 0.20 0.20 0.21 0.22 0.22 0.23 0.24 0.25 0.26 0.27 0.29 0.30

Welfare, hev -0.06 -0.05 -0.03 -0.01 0.00 0.01 0.06 0.09 0.14 0.19 0.25 0.32

Welfare, cev -0.14 -0.12 -0.07 -0.01 0.00 0.03 0.15 0.22 0.37 0.52 0.69 0.94

Notes: This table summarizes the education policy effects. A gray shaded column refers to the benchmark

economy with the subsidy level of 33%. The range for the subsidy goes from zero to 100%. All tax rates

remain the same as in the benchmark economy. Prices are allowed to adjust.

Table 9: Education Subsidy Change, Fiscal Neutrality

Subsidy s 0.0 0.1 0.2 0.3 0.33 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Share of inf., % 29.80 29.13 23.52 17.29 17.02 16.39 12.78 11.91 8.71 7.90 7.47 7.38

Low educated, % 52.29 49.86 38.04 30.67 30.23 28.49 15.23 12.70 4.41 1.38 0.45 0.37

Mid. educated, % 36.18 37.14 46.86 52.46 52.20 50.36 60.95 58.81 60.07 55.41 44.59 31.66

Highly educated, % 11.53 12.99 15.11 16.87 17.56 21.15 23.83 28.49 35.52 43.21 54.96 67.97

Interest rate, % 5.19 5.16 5.20 5.21 5.20 5.17 5.15 5.09 5.06 4.99 4.93 4.84

Wage ratio 1.73 1.74 1.73 1.73 1.74 1.73 1.74 1.74 1.75 1.75 1.76 1.77

GDP 0.31 0.32 0.34 0.36 0.37 0.37 0.40 0.41 0.44 0.46 0.48 0.50

Hours work, % 36.93 36.64 36.40 36.54 36.36 35.87 35.23 34.30 33.53 32.16 30.42 28.17

Capital 0.18 0.19 0.20 0.22 0.22 0.23 0.24 0.25 0.27 0.28 0.29 0.31

Welfare, hev -0.09 -0.08 -0.04 -0.01 0.00 0.01 0.07 0.10 0.16 0.21 0.27 0.34

Welfare, cev -0.20 -0.18 -0.10 -0.01 0.00 0.03 0.17 0.25 0.42 0.57 0.75 1.02

Notes: This table shows the education policy effects with fiscal neutrality. An income tax rate λhsv adjusts

to clear the budget. A gray shaded column refers to the benchmark economy with the subsidy level of

33%. Prices are allowed to adjust.

For completeness, Table 16 presents the results of the education policy in partial equi-

librium such that the prices of labor and capital do not adjust. Both qualitatively and

quantitatively the results are similar to those in general equilibrium (see Table 8).
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Figure 3: Fiscal Outcomes of Education Policy
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Notes: These figures display the fiscal effects of the education policy which increases the subsidy rates. A

red dashed vertical line refers to the benchmark economy. The left panel shows education expenditures

and tax revenues from different sources in model units multiplied by 100. The right panel illustrates the

change in the fiscal balance such that positive values refer to fiscal surpluses whereas negative values are

fiscal deficits.

Tax Schedule, Income Tax Level

In this subsection, I analyze the effects of tax policies on the occupational choice and

human capital accumulation. I focus on two policies: (1) the change in the income tax

level and (2) the income flat tax reform.

Table 10 shows the results of the income tax level reduction. Note that the parameter

λhsv in the tax function defines the level of taxation. The higher the λhsv is, the lower is

the average tax rate. The value of λhsv in the HSV specification can be roughly interpreted

as the tax level of 1− λhsv. Hence, I vary the tax level form around 10% to 40% with the

benchmark value of 25% (λhsv = 0.75).

Decreasing the level of taxation favors formalization but has a modest effect on human

capital accumulation. The change from the benchmark tax level of 25%, to the tax level

of 10%, reduces informality by around 6pp. The share of low educated individuals stays

relatively constant whereas the share of highly educated slightly reduces. In order to

understand this result I plot educational and occupational choices for λhsv = 0.9 in Figure

4. Comparing the left panel of Figure 4a with the benchmark educational policy in Figure

2a shows that the tax reduction has little effect on the educational choice of the middle

and highly talented students. However, those with a low level of innate learning ability

and relatively high assets invest more time in education. Additionally, Figure 4b depicts
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Figure 4: Educational and Occupational Choices, Labor Tax Reduction

0.2 0.4 0.6 0.8 1 1.2 1.4

Assets

0

0.2

0.4

0.6

0.8

1

e
low

e
mid

e
high

(a) Education Policy, λhsv = 0.9

0 0.2 0.4 0.6 0.8 1

Education Level

0

0.2

0.4

0.6

0.8

1

low

mid

high

(b) Occupation Policy, λhsv = 0.9

Notes: The left panel shows the level of education for different innate learning abilities and assets. The

right panel depicts an occupational choice along educational attainment for different labor productivity ε.

The value of one means the formal occupation whereas the value of zero means the informal occupation.

the occupational choice for λhsv = 0.9. Comparing with the benchmark economy, highly

productive individuals (yellow line with circles) are more likely to operate formally for

high levels of education (x-axis), whereas low productive workers (blue solid line) with

average education are more likely to be informal. All in all, income tax level reduction

has little effect on the educational choice but enhances formalization for highly educated

individuals.

As a response to lower income taxation, individuals work on average more hours and

accumulate more assets. As a result, output increases in the economy. Reducing income

taxation leads to considerable welfare gains of up to 6% measured in Hicksian equivalent

variation (hev) and 16% measured in consumption equivalent variation (cev). As before

this result is an outcome of three channels. First, the increase in net income of the formal

workers leads to a welfare gain. Second, the increase in hours work reduces welfare due to

forgone leisure. Third, the reallocation from the informal to the formal sector leads to a

welfare gain, due to better working conditions and social security in the formal sector.

Although the welfare effects of subsidizing education and reducing income taxation are

similar the fiscal outcomes are quite different. Figure 5a depicts tax revenue changes in

model units for all types of taxes. Reducing the level of taxation from the benchmark

value of 25% to 10% decreases income tax revenues by a factor of four. It is important

to note that this reduction is mitigated by formalization and an increase in hours worked.

Hence, the change in the tax base cannot compensate for a drop in the tax rate leading
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to considerable fiscal deficits shown in Figure 5b. This fiscal deficit has to be financed

using another type of tax or by accumulating government debt which is not sustainable in

contrast to the education policy discussed above. Table 17 reports the results in partial

equilibrium. In general, the outcome is similar to the one presented in Table 10.

Table 10: Income Tax Level Change

λhsv 0.60 0.65 0.70 0.75 0.80 0.85 0.90

Share of inf., % 30.81 26.79 23.72 17.02 13.77 11.93 11.00

Low educated, % 30.73 30.44 30.28 30.23 30.19 30.22 30.29

Mid. educated, % 49.99 50.42 51.59 52.20 52.77 53.68 54.03

Highly educated, % 19.29 19.14 18.13 17.56 17.04 16.11 15.68

Interest rate, % 4.84 5.10 5.17 5.20 5.17 5.03 4.85

Wage ratio 1.77 1.74 1.73 1.73 1.73 1.75 1.77

GDP 0.33 0.34 0.35 0.37 0.37 0.38 0.39

Hours work, % 35.96 35.50 35.35 36.36 36.92 37.39 37.62

Capital 0.18 0.20 0.21 0.22 0.23 0.25 0.26

Welfare, hev -0.07 -0.04 -0.02 0.00 0.02 0.04 0.06

Welfare, cev -0.15 -0.10 -0.06 0.00 0.05 0.11 0.16

Notes: This table provides the results of the tax level change policy. Parameter λhsv defines the level of

income taxation in the economy. The higher the λhsv, the lower is the income tax level. A gray shaded

column refers to the benchmark economy with λhsv = 0.75. All other tax rates remain unchanged. Labor

and capital prices adjust.

Tax Schedule, Income Tax Progressivity

In this subsection, I perform a flat tax reform and analyze the consequences in terms of

the aggregate outcomes. Instead of varying the progressivity parameter τhsv of the HSV

tax function, I analyze the extreme scenario where everyone in the formal sector faces the

same labor income tax rate such that τhsv = 0.18 In doing so, I pin down the new tax rate

λflat which matches the income tax revenue to GDP ratio in Brazil. The recovered level

is 18.5% which is lower compared to an approximate tax level in the benchmark economy

1− λhsv = 1− 0.75 = 0.25 or 25%.

Figure 6 presents an educational and occupational choice in the economy with a flat tax

rate. Compared to the benchmark economy, low-talented students with high assets choose

to invest more in their human capital. In other words, the flat tax reform mitigates the

wealth effect for low learning ability individuals. However, due to the skewness of the asset

18Varying the HSV progressivity parameter may result in controversial conclusions since the HSV tax

function is negative for low levels of income. In other words, the change in τhsv changes the tax rate for

the rich and the tax subsidies to the poor at the same time.
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Figure 5: Fiscal Outcomes of Tax Policy
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Notes: These figures display the fiscal effects of the tax policy which reduces the income tax level. A

red dashed vertical line refers to the benchmark economy. The left panel shows education expenditures

and tax revenues from different sources in model units multiplied by 100. The right panel illustrates the

change in the fiscal balance in percents such that positive values refer to fiscal surpluses whereas negative

values are fiscal deficits.

Figure 6: Educational and Occupational Choices, Flat Tax Reform
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Notes: The left panel shows educational choice for different innate learning abilities and assets. The

right panel depicts an occupational choice along educational attainment for different labor productivity

levels ε. The value of one denotes the formal occupation whereas the value of zero indicates the informal

occupation.
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Table 11: Flat Tax Reform

Benchmark Flat Tax Flat Tax, PE

Share of inf., % 17.02 16.34 16.5

Low educated, % 30.23 30.1 30.05

Mid. educated, % 52.20 52.43 52.46

Highly educated, % 17.56 17.47 17.48

Interest rate, % 5.20 5.08 5.20

Wage ratio 1.74 1.74 1.74

GDP 0.37 0.38 0.38

Hours work, % 36.36 36.21 36.18

Capital 0.22 0.24 0.25

Welfare, hev 0.00 0.017 0.018

Welfare, cev 0.00 0.041 0.043

Tax rev. income to GDP 11.34 11.35 11.28

Flat tax rate - 0.185 0.185

Notes: This table reports the effects of the flat tax reform. In the contra-factual economy the government

substitutes the status-quo tax-transfer schedule with a flat income tax which reaches the same income

tax revenue to GDP ratio as in the benchmark economy. The recovered value is 18.5%. All other policy

parameters are kept unchanged.

Table 12: Level of Informality by Education Level

Benchmark Education Reform Reduced Tax Flat Tax

s = 0.33 λ = 0.75 τ = 0.05 s = 1 λ = 0.9 τ = 0

Low, % 34.9 1.28 25.32 36.17

Middle, % 8.45 5.97 4.85 8.05

High, % 11.73 9.97 4.49 7.06

Notes: This table reports the share of informal workers by three groups of education. As before the low-

educated are those who have attained primary education, the middle-educated - a high school degree, the

highly-educated - tertiary education. The second column refers to the benchmark economy with subsidy

rate of 33% and tax function parameters λ = 0.75 and τ = 0.05. The third column illustrates the share of

informal employees by education level in the economy where 100% of education costs are subsidized. The

next column shows the informality pattern for an economy with reduced labor tax rate λ = 0.9. The last

column refers to the flat tax scenario with τ = 0.
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distribution, the change in the education policy function does not lead to a substantial

increase in the education outcomes. Figure 6b shows that highly educated with high ability

operate formally. Recall that in the benchmark economy with progressive taxation, this

type of worker was choosing the informal sector. With the flat income tax, highly educated

and highly productive workers face a lower tax rate and have incentives to operate formally.

Table 11 reports the aggregate statistics for the flat reform scenario. Flattening the

tax schedule leads to mild effects in terms of educational outcomes but incentivizes formal-

ization. Note that in the benchmark economy poor formal workers receive a tax subsidy.

In the contractual economy, tax transfers are absent such that poor individuals have no

incentive to operate formally. Hence, the recovered number for the share of informality

16.34% masks the reallocation of poor individuals into the informal sector and rich indi-

viduals into the formal sector. Additionally, Table 12 shows the level of informality by

educational attainment. Recall that in the benchmark economy the level of informality

follows a U-pattern along the education dimension. Given that the flat tax reform does

not change the aggregate levels of informality and educational attainment much, it is

important to note that a flat tax reform eliminates the U-shape pattern.

Hours of work respond mildly to the policy reform. Although flatting the tax schedule

for the rich should motivate them to work more hours, the increase in the net income and

asset accumulation makes the wealth effect more pronounced. Asset accumulation also

promotes capital and output. Individuals experience a welfare gain of around 1.7% and

4.1% measured in hev and cev, respectively. The welfare gain is a cumulative result of the

(1) increase in consumption which raises welfare, and (2) reduction of informality which

reduces the informality cost and has a positive effect on well-being. Since hours of work

do not change much the role of this channel for the welfare effects is less relevant. The

effects in the partial equilibrium are similar to those in the general equilibrium. Keeping

the prices fixed, however, leads to slightly higher welfare gains.

Comparing the flat tax reform with the previous reform of the tax level reduction

highlights the fact that flattening the tax schedule has milder effects on the overall economy.

Welfare gains of the flat tax reform are smaller but do not lead to fiscal deficits meaning

that this reform is sustainable and does not require further interventions into the tax

system.

7 Conclusions

In this paper, I examine the long-run effects of education and tax policies in the presence

of the informal sector in a general equilibrium life-cycle model. I quantify the responses of

the Brazilian economy to the change in the education subsidy rates as well as the change

in the labor income tax schedule. For the latter, I analyze the change in the income tax

level and income tax progressiveness.
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I develop a heterogeneous agent overlapping generations life-cycle model in which in-

dividuals endogenously choose the level of education, sector of occupation, and hours of

work. In the first period of their life, individuals choose the level of education taking into

account the costs and benefits of schooling. Each education level requires time and mon-

etary investments. The time cost depends on the innate learning ability and contributes

to the disutility associated with the foregone leisure. The monetary cost represents the

tuition fee and is partially subsidized by the government. The benefit of acquiring a higher

education level is the increase in individual human capital which results in higher produc-

tivity and higher wages in the future. The return to human capital is different across

sectors of production. In the formal sector, the return to education level is higher than

in the informal sector. Additionally, informal employees bear a fixed utility cost of infor-

mality associated with the lack of social security and worse working conditions. On the

contrary, formal workers face progressive income tax rates.

I calibrate my model to Brazil which features a high level of informality and a low

level of educational attainment. This means that there is room for more human capital

accumulation and labor formalization. My model matches well the aggregate macroeco-

nomic indicators such as education expenditures and labor income tax revenues to GDP

ratios, the share of the informal employment, the distribution of educational attainment

and wages across sectors of occupation and levels of education. The model is also capable

of replicating a U-shape pattern of the level of informality over education level.

In equilibrium, the share of informality is high for the group of low educated individuals

and it reduces for the group of the middle educated.19 However, the share of informal

employees rises again for the highly educated. The model can explain this U-shape pattern

of informality along years of education by the interaction between the education premia

in both sectors and the progressive taxation. The difference between the return to human

capital in both sectors is low for the low-educated. Hence, they opt for the informal sector

where there is no taxation. Although the education premium for the highly educated is

considerably higher in the formal sector, high labor income tax rates make this sector

unattractive for highly productive individuals.

An increase in the education subsidy makes education more affordable, increases the

average level of educational attainment, expands formalization, and increases tax revenues.

The latter effect is the composition of a higher tax base due to formalization and increase in

income resulting from higher human capital accumulation. Hence, the education subsidy

is self-financed in the long run and does not require additional tax hikes. Increasing the

subsidy level from the current 33% to 90% increases the share of highly educated from

17% to 56% and reduces informality by around 8 pp. Although the additional increase

in the subsidy further improves the educational attainment, the share of informal workers

19Low educated are defined as those who have primary education, middle educated are those who

attained a high-school degree, and highly educated are those who have tertiary education.
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rises. It illustrates the fact that the increase in education outcomes does not necessarily

result in a larger formal sector. Subsidizing 100% of education costs leads to a welfare

gain measured in consumption equivalent variation of 94%, meaning that the government

would have to double the consumption in the benchmark economy to make individuals

indifferent between the two scenarios.

Although the education subsidy is self-financed in the long run, an interesting question

is what are the effects of the change in the income tax schedule in an economy with human

capital accumulation and occupational choice. In the first step, I vary the level of taxation

and observe that decreasing the tax rate favors formalization but has a modest effect on

human capital accumulation. Similar to the education policy, reducing the labor income

taxation leads to a welfare gain but at a cost of accumulating substantial fiscal deficits.

Hence, this policy is not sustainable in the long run.

In the second step, I perform a flat tax reform meaning that all individuals in the

formal sector face the same level of labor taxation. Flattening the tax schedule, reduces

informality and changes the educational composition of the formal and informal sectors.

Highly educated individuals are more likely to opt for a formal sector. As a result, the

flat tax reform eliminates the U-shape pattern of the informality along the education

dimension. This reform leads to a welfare gain of around 4% measured in cev keeping the

labor income tax revenue to GDP ratio fixed.

To conclude, in a developing country with a high level of informality, education policies

have positive aggregate effects in the long run. Due to a positive effect on the tax base,

there is room for a self-financed education subsidy. This analysis abstracts from the

transitional dynamics which may have important implications for the welfare conclusions.
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8 Appendix

8.1 Data

Data Sample and Main Empirical Findings

My main source of data for this study is the Brazilian National Household Sampling Survey

(PNAD) for a period from 2010 to 2015. PNAD is a survey conducted annually by the

Brazilian National Statistics Bureau (IBGE) and investigates a wide range of population

characteristics such as education, labor and income. PNAD is a cross-sectional data which I

pool for calculating main calibration targets regarding educational attainment, occupation

and income. For estimating a stochastic ability process, I rely on the labor force survey

of Brazil, Pesquisa Mensal de Emprego (PME). The advantage of the latter is the panel

dimension, however, it has a smaller coverage in terms of survey questions. Both data sets

are conducted by the IBGE and are complementary to each other.

For the purpose of this paper, I focus on male individuals of age 25-65 who are household

heads. Following the literature, I define an individual to be working informally if she is an

employee but did not sign a working contract (working card) with the exception for public

employees who do not have to sign it (Ulyssea 2018). I do not consider individuals who

report to be unpaid workers, unemployed or self-employed. It is evident that a substantial

share of the self-employed in Brazil operate informally. However, the effect of education on

the entrepreneurial ability may be different from the effect of education on the productivity

of employees (see, e.g., Berniell (2020)). Hence, I abstract from the self-employed in this

study.20 Another possible concern is that individuals may operate formally and informally

simultaneously making it difficult to categorize an individual in either of a group. In my

sample, less than three percent of individuals report to have more than one job making

this concern negligible.

Table 13 shows that there are around 83% of formal and 17% of informal employees in

the sample. Around 32% of total employees do not have a high-school degree, meaning that

they have acquired only compulsory primary education. Around 52% have a high-school

degree and around 16% have acquired tertiary education.

Table 13: Level of Informal Employment and Education Level

Formal, % 82.40

Informal, % 17.60

Low ed., % 32.22

Mid. ed., % 52.13

High ed., % 15.65

20See Di Nola et al. (2021) analyzing tax evasion by self-employed.
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Table 14 shows the results for a Probit regression for the pooled sample of formal and

informal employees. The dependent variable is informal occupation which takes the value

of one if an individual operates informally and zero else-wise. Controlling for age, race and

region shows that the education level measured in years of education has a statistically

significant negative effect on the probability of operating informally. Note that the value

of the coefficient in the Probit regression does not have an economic interpretation.

Table 14: Probit

(1)

Informality

yedu -0.0592∗∗∗

(-51.18)

age -0.0658∗∗∗

(-17.45)

age2 0.000771∗∗∗

(17.48)

race 0.00456∗∗

(2.71)

region -0.0215∗∗∗

(-29.76)

cons 1.276∗∗∗

(15.95)

N 107981

t statistics in parentheses

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 15 presents empirical evidence on the education premium for both formal and

informal employees. The dependent variable is a logarithm of the gross hourly wage. I

split the sample into formal and informal sector employees and control for age, race and

region. The coefficients for education are positive and statistically significant for formal as

well as informal workers. However, the education premium is larger in the formal sector.

Estimating Labor Income Process

The estimation of the stochastic component of labor productivity follows closely the pro-

cedure described by Heathcote et al. (2010). First, I regress the logarithm of hourly gross

labor earnings on observable individual characteristics such as education, race and age

irrespective of individual’s occupation.

lninci,t = α0 + β0educi,t + β1racei,t + β2agei,t + a3age
2
i,t + ηit, , (15)
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Table 15: Education Wage Premia

(1) (2)

logw, Formal logw, Informal

yedu 0.0750∗∗∗ 0.0694∗∗∗

(157.41) (62.20)

age 0.0370∗∗∗ 0.0407∗∗∗

(24.01) (11.06)

age2 -0.000306∗∗∗ -0.000376∗∗∗

(-16.81) (-8.81)

race -0.0228∗∗∗ -0.0234∗∗∗

(-34.94) (-13.67)

region 0.0131∗∗∗ 0.0172∗∗∗

(43.95) (24.41)

cons 5.431∗∗∗ 5.190∗∗∗

(166.89) (66.33)

N 88987 18988

t statistics in parentheses

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

where i is individual and t is time index respectively. Then, I model the residual η as a

first-order auto-regressive process:

log ηi,t+1 = ρη log ηi,t + ζi,t+1, (16)

where ζi,t+1 ∼ N(0, σ2
η). I estimate this process and obtain a persistence parameter

ρη,a = 0.776 and the dispersion parameter ση,a = 0.354 on the annual basis. Since the

model period is defined to be five years, I translate the obtained parameters into 5-year

equivalents:

ρη = ρTη,a, (17)

σ2
η = σ2

η,a

T−1∑
t=0

ρ2tη,a, (18)

where T = 5 is the number of years in the period. Consequently, the ρη = 0.282 and

ση = 0.539.

Estimating Tax Progessivity

For the calibration of the progressive income taxation, I follow Heathcote et al. (2017) and

consider a functional form:
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Figure 7: Gross versus Net Income
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τl(y) = y − λhsvy1−τhsv ,

where τl(y) is the tax rate at the income level y, τhsv > 0 is a measure of progressivity of

the tax schedule and λhsv is a parameter that governs the average tax rate. I use the data

from Gobetti and Orair (2017) who report average tax rates by income brackets in Brazil

to pin down the shape of the tax function. The procedure goes as follows: (1) given a

gross income bracket and a corresponding tax rate, I calculate net income for each bracket

in the data; (2) using a specified functional form, I calculate net income in the model:

ỹF = λhsvy
1−τhsv
F . (3) I pin down a parameter τhsv to minimize the distance between net

to gross income ratio along income brackets in the model and in the data.

8.2 Computational Algorithm

In this subsection, I outline the computational algorithm employed for this project.

1. Given guesses for capital and labor input as well as tax rates, compute factor and

consumer prices.

2. Given prices and public transfers, determine household policy functions by backward

iteration.

3. Compute the distribution of households over the state space.
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Figure 8: Surviving Probabilities
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4. Aggregate household decisions.

5. Calculate the absolute value of the relative difference between demand and supply

for capital and labor. If the difference is small enough the equilibrium is found and

we can stop the iteration procedure. If not, start again at point 1.

8.3 Additional Figures and Tables

42



0.2 0.4 0.6 0.8 1 1.2 1.4

Assets

2

4

6

8

10

12

14

10
-3

(a) Initial Asset Distribution

0 0.2 0.4 0.6 0.8 1

Learning Ability

0.07

0.075

0.08

0.085

0.09

(b) Initial Learning Ability Distribution

Figure 10: Informality over Age
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Figure 11: Asset Holdings Comparison
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Notes: The left panel compares total asset holdings of formal and informal workers over the life-cycle

whereas the right panel compares the respective means, measured in model units.

Figure 12: Consumption and Labor Supply Comparison
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Notes: The left panel compares the mean consumption whereas the right panel compares the mean labor

supply in efficiency units of formal and informal workers over the life-cycle.

44



Figure 13: Hours of Work over the Life-cycle
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Figure 14: Education Premia and Educational Policy for subsidy = 1
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Notes: The left panel of this figure depicts a theoretical education premium for the formal and the

informal sector. Specifically, it shows exp(θFh) and exp(θIh). The right panel shows educational choice

as a function of assets and innate learning ability.
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Table 16: Education Subsidy Change, Partial Equilibrium

Subsidy s 0.0 0.1 0.2 0.3 0.33 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Share of inf., % 21.05 20.64 18.45 16.96 17.02 16.34 13.65 12.77 9.80 9.13 8.71 8.73

Low educated, % 52.15 49.74 38.10 30.72 30.23 28.48 15.23 12.71 4.42 1.38 0.48 0.41

Mid. educated, % 36.59 37.74 46.97 52.41 52.20 50.39 60.51 58.48 59.69 54.58 43.54 30.58

Highly educated, % 11.26 12.52 14.93 16.88 17.56 21.13 24.27 28.81 35.89 44.04 55.97 69.01

Interest rate, % 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2 5.2

Wage ratio 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74 1.74

GDP 0.33 0.33 0.35 0.36 0.37 0.37 0.39 0.41 0.43 0.46 0.48 0.51

Hours work, % 38.10 37.77 37.25 36.61 36.36 35.88 35.14 34.27 33.50 32.19 30.50 28.39

Capital 0.20 0.20 0.21 0.22 0.22 0.23 0.24 0.25 0.26 0.28 0.29 0.31

Welfare, hev -0.06 -0.05 -0.03 -0.01 0.00 0.01 0.06 0.09 0.14 0.20 0.25 0.33

Welfare, cev -0.14 -0.12 -0.07 -0.01 0.00 0.03 0.14 0.22 0.38 0.53 0.72 0.99

Notes: This table presents the education policy effects in partial equilibrium such that the prices of labor

and capital are fixed to their benchmark values. A gray shaded column refers to the benchmark economy

with the subsidy level of 33%.

Table 17: Income Tax Level Change, Partial Equilibrium

lambda 0.60 0.65 0.70 0.75 0.80 0.85 0.90

Share of inf., % 31.28 26.84 23.71 17.02 13.78 12.23 11.34

Low educated, % 30.67 30.44 30.29 30.23 30.21 30.18 30.18

Mid. educated, % 49.89 50.41 51.58 52.20 52.74 53.72 54.11

Highly educated, % 19.44 19.15 18.13 17.56 17.04 16.10 15.71

Interest rate, % 5.14 5.14 5.14 5.20 5.14 5.14 5.14

Wage ratio 1.74 1.74 1.74 1.74 1.74 1.74 1.74

GDP 0.34 0.34 0.35 0.37 0.37 0.38 0.39

Hours work, % 35.97 35.50 35.34 36.36 36.90 37.30 37.60

Capital 0.19 0.20 0.21 0.22 0.23 0.25 0.26

Welfare, hev -0.06 -0.04 -0.02 0.00 0.02 0.05 0.07

Welfare, cev -0.14 -0.10 -0.06 0.00 0.05 0.11 0.17

Notes: This table shows the results of the tax level change policy in partial equilibrium. Labor and

capital prices are fixed to the benchmark values. Parameter λhsv defines the level of income taxation in

the economy. The higher the λhsv, the lower is the income tax level. A gray shaded column refers to the

benchmark economy with λhsv = 0.75. All other tax rates remain unchanged.
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