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Resumo

Analisamos a implicacdo da introdugdo de uma politica de Renda Bésica Universal (UBI)
em um pafs com um grande setor informal. O modelo apresenta fricdes no mercado
de trabalho, mercados incompletos, trabalhadores avessos ao risco e heterogeneidade na
ocupacdo e na posi¢do de ativos. Um imposto sobre a folha de pagamento das empresas
formais financia politicas para assegurar os trabalhadores. Calibramos o modelo para
a economia brasileira e encontramos que a introdugdo de UBI de orcamento neutro em
substituicdo a politica existente de Seguro Desemprego (UI) reduz o bem-estar em quase
1%. No entanto, a introdu¢do da UBI com Ul aumenta o bem-estar dos trabalhadores em
~ 0,8%. Em nossas simulagdes, as familias pobres sdo as que mais se beneficiam do UBL
Também calculamos os ganhos de bem-estar para diferentes niveis de UBI e encontramos
um ganho méximo para a politica de UBI + UI para um imposto sobre os salarios ex-post
de 20%. Ao substituir o UI, o UBI ndo consegue aumentar o bem-estar agregado para

qualquer valor transferido.

Palavras-chave: Renda Bésica Universal, Transferéncias, Informalidade



Abstract

We analyze the implication of a Universal Basic Income (UBI) policy introduction in a
country with a large informal sector. The model features frictions in the labor market,
incomplete markets, risk-averse workers, and heterogeneity in occupation and asset po-
sition. A payroll tax on formal firms finances policies to ensure workers. We calibrate
the model to the Brazilian economy and find that the introduction of budget-neutral UBI
replacing Unemployment Insurance (Ul) existing policy reduces welfare by almost 1%.
However, introducing UBI with the Ul policy increases the welfare of workers by ~ 0.8%.
In our simulations, poor households are the ones that most benefit from the UBI. We also
compute the welfare gains for different levels of UBI and find a maximum gain for UBI+UI
policy for an ex-post payroll tax of 20%. When replacing UI, UBI cannot increase aggre-

gate welfare for any valued transferred.

Keywords: Universal Basic Income, Transfers, Informality
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1 Introduction

Proposals for a Universal Basic Income (UBI) program have gained new attention recently
and have been met with controversy. Finland implemented a pilot program in 2017-18 and
voters in Switzerland rejected a UBI proposal by a three-to-one margin in 2016. A UBI
can provide valuable insurance to individuals, but one worry about the implementation
of such a policy is its cost. A transfer to every person in an economy can add up to
non-trivial fiscal outlays. This is particularly true in developing countries where a large
part of the economy is informal. In these countries, raising taxes on the formal sector can
decrease the incentives for formalization. This paper addresses the macroeconomic effects

of implementing a UBI in a developing economy with a large informal sector.

Our tool for this analysis is a general equilibrium model featuring risk-averse heteroge-
neous agents, a frictional labor market and incomplete markets with formal and informal
sectors. With heterogeneous agents subject to labor market shocks and incomplete mar-
kets, there is room for the provision of insurance. In our model, the labor market is subject
to search frictions a la Diamond (1982) and Mortensen and Pissarides (1994). The num-
ber of worker-firm matches is endogenously determined via the labor market tightness
in both the formal and informal sectors. If the government imposes taxes on the formal
sector to fund new expenditures (such as a UBI), this can lower the match surplus in this
sector and lead workers into lower-productivity activities: informality or unemployment.
This framework thus allows for a trade-off arising from a UBI, but the effects of the policy

are quantitative in nature.

We then calibrate the parameters of our model to match certain characteristics of the
Brazilian economy, a country with a large informal sector. In particular, we match the
fractions of workers unemployed and employed in both the formal and informal sectors.
We are also consistent with the average wages in both sectors, the fraction of debt to GDP

and other characteristics.

A UBI that replaces the Unemployment Insurance (UI) present in the economy and uses

a formal firm’s payroll tax to fiance itself reduces welfare by almost 1%. The effects are
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naturally heterogeneous. The policy increases the welfare for rich and poor households
and reduces welfare for “middle class” formal workers. The aggregate effect must also
take into account the redistribution of households across assets. The reallocation benefits
formal workers since they end up being net borrowers for this economy. Informal and
unemployed are worse in aggregate terms. This indicates that unemployment insurance

is a more effective transfer than a universal one, at least in aggregate terms.

Moreover, we introduce a UBI equivalent to a transfer of R$146.00 monthly to every Brazil-
ian without replacing the Ul existing policy. This design increase the welfare for house-
holds by almost 0.8%. In this case, however, formal workers benefit less than informal
and unemployed because of tax distortion and a different reallocation across assets. The
increase in welfare, in consumption equivalent terms, happens in the whole spectrum of
assets holdings and for every occupation. This simulation indicates that there is space for

transfers that increases welfare for households in this calibration.

Partial equilibrium analysis shows the importance of a General Equilibrium framework.
The initial tax to finance the program is insufficient in equilibrium because of distortionary
effects and ends up being higher than ex-ante estimates. Interest rate moves dampen the
increase/reduction in the propensity to save and, consequently, the distribution of house-
holds across assets (an important component to measure aggregate welfare). Finally, the
distortion in the labor market caused by taxation also creates a feedback-loop in vacancy

posting and alters the distribution of workers across occupations.

Lastly, we compute different universal transfer levels and their effects on aggregate wel-
fare. We find that when replacing Ul policy we have a decrease in aggregate welfare for
every value of UBI. For the case without replacement, there is an increase in welfare that

attains its maximum gain with an ex-post payroll tax on formal firms of around 20%.

12



2 Literature Review

There has been a recent surge in interest in the economic literature regarding universal
basic income (UBI) programs. There are different issues when it comes to developed
(Hoynes and Rothstein (2019)) or developing (Banerjee, Niehaus, and Suri (2019)) coun-
tries. In developed countries, a big enough UBI program that is able to improve the lives
of low-income families can be enormously expensive (Hoynes and Rothstein (2019)). In
developing countries, a UBI may be good if targeting on income is hard (Hanna and Olken
(2018)). One issue that seems to be absent in the discussion of UBI in developing countries
is the degree of informality in these economics. In particular, since we focus in a not-so-
poor developing economy (Brazil), a UBI program may be expensive. Raising enough
taxes on the formal sector may drive firms and workers into informality. Our general

equilibrium model is able to assess these effects.

There are a few papers that study the effects of implementing a UBI on the economy as a
whole using general equilibrium models; see Daruich and Fernandez (2020) and Luduvice
(2019). Both papers develop an overlapping generations model and calibrate it to the US.
We differ by focusing on a developing country with an economy that features a large
informal sector. Ferreira, Peruffo, and Valerio (2021) develop a general equilibrium model
to compare a UBI with conditional cash transfer schemes in Brazil. However, they do not

model informality, a key feature of our analysis.

Some recent papers have studied how informality affects the labor market and the econ-
omy as a whole; e.g., Ulyssea (2010), Charlot, Malherbet, and Terra (2015), Meghir, Narita,
and Robin (2015), Ulyssea (2018). Most of these studies work with risk-neutral individ-
uals such that the provision of insurance is not a fundamental problem. Our model, on
the other hand, features risk-averse individuals living under incomplete markets. This
need for insurance renders welfare programs valuable. Some of these articles also study
the implementation of different government policies, such as a crackdown on informality.
We contribute to this literature by evaluating the impact of a UBI program in an economy

with a large informal sector.
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Methodologically, we are close to Krusell, Mukoyama, and $Sahin (2010). These authors
merge the Diamond-Mortensen-Pissarides (DMP) labor search model with the incomplete
markets framework of Bewley-Huggett-Aiyagari (BHA). Our model builds on theirs. We
add by framing the model in continuous time (see Bardoczy (2017)) such that we can solve
it with state-of-the-art numerical techniques (Achdou et al. (ming)). Moreover, we have

two different sectors in the labor market: the formal and informal sectors.

3 The Model

3.1 Overview

Time is continuous. There are workers and firms in the economy. Workers can be em-
ployed in a formal or informal job or be unemployed. Firms without employees post
vacancies. Vacancies and unemployed workers form matches based on a matching func-
tion so that there are search frictions a la Diamond-Mortensen-Pissarides (DMP). Wages
are determined by a bargaining problem. Matches separate exogenously. Workers are risk
averse and have access to a risk-free bond they can use to self insure against labor mar-
ket risks. There are thus incomplete markets in the spirit of the Bewley-Huggett-Aiyagari
(BHA) framework.! The government in this economy must pay for any policy by taxing

formal firms through a payroll tax.

3.2 Households

Households are risk averse and their preferences are represented by a concave utility func-
tion, u(c;). Their subjective discount rate is p They earn some income y(a;, s;), where a,
is the asset level and s, is the employment state (formal, informal or unemployed). As-

sets earn an interest rate r;, households receive dividends from firm’s profits d; and, if

I'The model is similar to a continuous-time version of Krusell, Mukoyama, and Sahin (2010); see Bardoczy
(2017). We add to their framework by modeling two sectors of the labor market: the formal and informal
sectors.
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implemented, a universal basic income (UBI) Ty ;.

The household’s problem can be written as:

Wag, so) = maXEO/ e Pu(c,)dt
0

Ct,at

ar = yl(ag, s¢) +ra — e+ di + Tupr

a; > a

The household’s instantaneous income is given by:

wi(ay) for sy ={F,1}
Yt (Gt, S¢) =
h for s; = {u}

When employed, workers receive wages w;(a;), deterined by a bargaining problem, and
the unemployed worker has a value of leisure h.> Moreover, when firm and worker are
separate, formal workers receive an unemployment insurance benefit paid upfront and
incorporated into their assets. So, for the formal workers, the transition to unemployment
is to an asset position equal to a + Ty, in which Ty is the unemployment insurance

transfer.

The recursive problem of an employed worker in a formal or informal sector (i € I, F) can

be written according to the following Hamilton—Jacobi—Bellman (H]JB) equation:

pW (a,i) = max {u(c) + 0,W (a,i) [wi(a) +d+ra—c+ Typ]

+o,[W(a+ 1LizpUI, u) — W(a,i)]}

s.t: 9,W(a,e) > u (wi(a) +ra+d+ Tygpr),

2 Another option would be to make h = 0 since the literature calibrates this value as unemployment
insurance (Ul) transfers, and we are modeling Ul sparely in our model. We discuss in the calibration sec-
tion that this value is important for the sensibility of the labor market as Hagedorn and Manovskii (2008)
illustrate. So in our model, it is not related to Ul

15



where 0; is the separation rate in market <.

For an unemployed, the H]B equation reads:

pW (a,u) = max{u(c) + 0,W (a,u) [h +d + ra — c+ Typi]

+/1W(a, I) = W(a,u)] + fr[W(a, F') = W(a, u)]}

s.t: 8QW(Q, ’LL) Z U/ (h +ra+ d+TUBI)7

where f; is the job-finding rate in market s.

3.3 Firms

A matched firm-worker pair produces z if formal and vz if informal, with v < 1 reflecting
the lower productivity of the informal sector as in La Porta and Shleifer (2008) and Charlot,
Malherbet, and Terra (2015).

The value functions of matched jobs in the steady-state are characterized by the following

HJB equations:

rdr(a) =z — (14 ¢)wr(a) + duJr(a)a(a, F) + op(V — Jp(a))

rdi(a) = vz — wr(a) + 9, Jr(a)ala, I) + or(V — Ji(a))

Firms create jobs by posting vacancies. The value of a vacancy satisfies the equation:

rVi=—&+ Qi/ Ji(a)@da’ fori € {F, I},

a

where ¢; is the vacancy-filling rate, ¢ is the payroll tax, &; are the costs of posting a vacancy,
g(a,1) are the distributions of households across states and assets. Finally, a(a, ) are the

workers policy functions. In equilibrium, free entry will imply that V; = 0, for ¢ € {F, I}.

16



3.4 Labor Market

Vacant jobs for formal and informal firms and unemployed workers are matched ran-
domly in every instant according to a standard matching function: M (u,v) = xu"v'~". In
which u is the unemployment rate and v is the open vacancy rate. Job-finding and filling
rates of the formal and informal sector are given by:

M (u, v;)

o= M) g o = 2w v)

7

, for i = I (informal) and F (formal)

In our setting, Egalitarian Bargain determines wages.> Wages wi(a), for i = I and F, are

implicitly characterized by:

(1— B)[W(a,i) — W(a,u))] = BJi(a), fori e {F I}

In egalitarian bargaining, the solution is characterized by equal gains for both parties,
weighted by bargain power. So wages are chosen to give an equal weighted-return from
reaching an agreement. We choose this kind of bargaining for computational reasons

when dealing with Nash Bargain in continuous time.*

3.5 Asset Market

Assets are available in zero net supply in this economy, so that households borrow and
lend from each other and the aggregate demand for assets is zero in equilibrium. For

simplification, profits are equally distributed as dividends to households.

3In the context of risk-neutral workers (transferable utility), Nash and Egalitarian Bargain are identi-
cal. When households are risk-averse, as in this case, differences are quantitatively small (see 1'Haridon,
Malherbet, and Pérez-Duarte (2013)).

4See Bardoczy (2017)
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3.6 Government

The government sets payroll taxes for formal firms to finance policies. Since there is un-
employment in the benchmark economy, the government budget constraint must satisfy

the following equation:

¢/ wp(a)g(a,F)da:/ Ulorg(a, F)da + Tygi,

where ¢ is the payroll tax, wp(a) is the wage of formal workers and Ul is the value trans-
ferred of unemployment insurance. Moreover, g(a, F') is the distribution of formal work-

ers in different asset positions and 7,5, is a Universal Basic Income.

3.7 Equilibrium definition

The stationary recursive equilibrium consists of a set of value functions {W (a, s), Jr(a), Ji(a),
Vi, Vi}; a set of policy functions {c(a, s), a(a, s)}; a distribution over assets and employ-
ment g(a, s); a set of prices {r,wr(a),wr(a)}; labor market tightness 6y and 6; and a payroll

tax ¢, such that:

* Worker optimization: Policy and value function solve the optimization determined

by the HJBs equations.

* Consistency of stationary distribution: Given the work decision rules and market

tightness, the distribution g(a, s) satisfies the Kolmogorov Forward equations:
0= —aa[C'L(CL, F)g(av F)] + ng(CL, ’LL) - UFg(av F)

0= _aa[a(arl)g(a7 I)] + ffg(a’u) - O-Ig(a’ ])

0= _aa[d(a7u>g(a7u)] + UFg(a+ UI? F) +019(a71) - (fF + fI)g(CL?u)

18



¢ Firms: The value functions Jr(a), J;(a), Vi and V; are given by the free entry condi-

tion and HJB equations.

¢ Labor market: The job finding and filling rates are given by tightness and the match-

ing functions.
* Wage setting: Satisfies the Egalitarian Bargain implicit equation.

¢ Asset market clears:

/ " alg(a, 1) + g(a, F) + g(a, w)da = 0

Dividends are the aggregate flow profit:

d=di+dr= Y ([ mlalge,ida - &)

i=I,F

with: 7p(a) = 2 — (1 + ¢)wp(a), and 77(a) = vz — wy(a).
¢ Goods market clears:

/OO c(a,s)g(a, s)da + Epvr + Evr =

Ivz+uh+ Fz

¢ Government budget constraint:

b / w(a)g(a, F)da = / Ulorg(a, F)da + Tys:

3.8 Algorithm overview

Finding the equilibrium requires a fixed-point algorithm over {wr(a), w;(a), 0, 0;,7}. The

steps to calculate the equilibrium are described below:
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e Set up a grid for assets, {ai}!_;.

* Guess tightness 0y and 6, interests rates r, wage schedules wp(a) and w;(a).
¢ Solve the worker’s problem.

¢ Calculate the stationary distribution of workers.

¢ Solve the firm’s problem.

¢ Evaluate the free entry condition and market clearing.

¢ Update the wage schedule, 1, and tightness.

The algorithm is detailed in Appendix A. It uses the literature of numerical methods for

solving heterogeneous agent models in continuous-time; see Achdou et al. (ming).

4 Calibration

The model was calibrated, considering a stationary equilibrium, as a way of determining
the impact of a Universal Basic Income over economic variables such as welfare. In this
section, parameters and targets for calibration are described, as are the calibrated values.
The model was calibrated with a mix of standard choices in Labor and Macroeconomics

literature as well as targets observed in recent data from the Brazilian economy.

We divided the calibration of the parameters into two sets. The first set of parameters
described in the following section matches direct values in the literature. Therefore, they
don’t have endogenous targets and are determined exogenously. On the other hand, some
parameters of the model are determined so the stationary equilibrium features moments

that are consistent with external data. We describe this set of parameters in the 4.2 section.

In Appendix B we compare the values targeted and the values achieved by the model. We

also present the results of the calibration: the value function for firms, households, the
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consumption function, wage schedule, distribution and saving function across assets and

occupations.

4.1 Model’s Parameters Exogenously Determined

In this section, we will describe the parameters that are calibrated through literature val-
ues and do not have endogenous targets in the model. Table 1 presents the values and

targets of the parameters.

The period considered corresponds to one year. Households have constant relative risk
aversion utility. We choose a coefficient of relative risk-aversion equals 1 (consistent with
a log-type utility), a standard value in the Macroeconomics literature. As shown in line 1

of Table 1.

In line 2, we follow the estimates of La Porta and Shleifer (2008) for a 40% lower produc-
tivity of the informal sector. Therefore, the productivity rate between formal and informal
workers v is 0.6. We set this parameter as an exogenous value in our model that incorpo-

rates the productivity difference between formal and informal sectors.

Moving on to labor market parameters, we choose rates of exogenous separation o and
o to target observed transition rates from formal and informal employment to unemploy-
ment. The values are the same as Ulyssea (2010) °> and are measured directly in the data

by the literature.

For the matching parameters in line 5 and 6 of Table 1, we set 0.5 for the matching elasticity
to unemployment 7 and for the formal worker bargaining power 8. This choice is con-
sistent with the literature that uses similar frameworks such as Petrongolo and Pissarides
(2001), Charlot, Malherbet, and Terra (2015) and Ulyssea (2010) and estimates values for
these parameters in this range. The bargaining power of informal workers is set as one-
third of formal workers as in Ulyssea (2010). This again is estimated using micro data by

the literature.

°These rates are consistent with recent estimations see Maya and Pereira (2021)
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Finally, we compute unemployment insurance of the Brazilian formal labor market using
Meghir, Narita, and Robin (2015) estimates of a payroll tax for formal firms of 8.5%. So,
the formal wage mass is taxed in 8.5% and an equal amount is paid once upfront for every

displaced formal worker and incorporated into their asset position.

Parameter Explanation Value Target

L relative risk aversion 1.000  Literature standard
v productivity ratio 0.600 40% less productivity
OF separation rate F-U 0.130 Yearlgfajtzboiel%%/l;ation
o1 separation rate I-U 0.300 Ye?;ésoe ;gif?on

n matching elasticity to unemp. 0.500 igiﬁzli};ﬁgg?gtgi
Br formal worker bargaining power  0.500 igiﬁ??;ﬁ;gr&gfg%
Br informal worker bargaining power  0.167 %r;ig;g?ngf pfgzvnelil
10) pay roll tax to finance Ul 0.085 8.5% of average

employee wage

Table 1: Parameters’ values exogenously set

4.2 Model’s Parameters Endogenously Determined

Now we move to the calibration that uses exogenous data to discipline endogenous mo-
ments of the model. The value of this set of parameters is determined so the endogenous
variables of the model replicate specifics moments observed in the data. Table 2 describes

the parameters, values, and targets in this calibration.

We start with the productivity parameter z in line 1 of Table 2. It is set to match an equilib-
rium average wage gap between the formal and informal workers of 22.5% as in Charlot,

Malherbet, and Terra (2015). So, in the stationary equilibrium, the average wage for the
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formal worker is 22.5% higher than the average informal worker wage.

The matching efficiency for formal and informal x» and x; are target with the level of
informal and unemployment rates as in the Brazilian Institute of Geography and Statis-
tics (IBGE) data (Monthly Employment Survey Dec-2019). Therefore, in equilibrium, the
model features unemployment, informal and formal employment rates that replicate the

Brazilian economy.

To calibrate the intertemporal discounting p in line 4, we compute the average real interest
rate from Jan-2016 to Dec-2019 using the Brazilian Central Bank data (CDI - Interbank
Deposit Certificate after discounting for annual CPI inflation). The values found were
around a 5% rate. Therefore, we set the parameter p so the endogenous interest rate in the

stationary equilibrium is 5% a year. ¢

For the vacancy costs parameters in lines 5 and 6, we use a standard approach of the
literature. We estimate ¢ and ¢; to set in equilibrium a market tightness of one for the

formal and informal sector as in Krusell, Mukoyama, and $ahin (2010) and Shimer (2005).

Hagedorn and Manovskii (2008) discuss the importance of the calibration of real return
value while unemployed. Since tightness sensibility depends on this value, the endoge-
nous variables’ response to new policies will also depend on it. To make this parameter
governing the worker’s private value of leisure h consistent, we set its value presented in
line 7 of Table 2 to match the share of wage in the GDP using IBGE’s estimates ’. Finally
in line 8, we match the equilibrium share of household debt (except mortgage) to GDP

found in the Brazilian Central Bank’s data using the borrowing constraint parameter a.

®This seems a low rate for households that pay interest in their debts. Nevertheless, our model does not
have wedges between borrowing and lending and CDI is a natural rate to consider.

“This literature is known as the Shimer puzzle following Shimer (2005). The Diamond, Mortensen, and
Pissarides model in Shimer’s calibration could not generate the observed business-cycle-frequency fluctu-
ations in unemployment and job vacancies in response to shocks of a plausible magnitude. Hagedorn and
Manovskii (2008) later show that a different calibration for the value of non-market can deliver the cyclical-
ity found in the data.
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Parameter Explanation Value Target

z productivity (formal firms)  0.230 Wage gap of 22.5%
XTI matching efficiency informal  0.910 41 ggfp(ff) }ifrrlrfloe;r?al
XF matching efficiency formal ~ 0.566 Unemgflci}fg;?t rate

p discount rate 0.054 Real interest rates of 5%
93 vacancy cost formal 0.757 Literat;;e:stfndard
&1 vacancy cost informal 0.312 Literatglre:stlandard

h value of leisure 0.027  45% wage mass to GDP
a borrowing constraint -0.300 Iéoglier};%lg (()ife(l)).tzgo

Table 2: Parameters’ values endogenously calibrated

5 Effects of an introduction of a UBI policy

5.1 UBI policies in general equilibrium

To estimate the effects of a Universal Basic Income (UBI) we simulate a transfer equiv-
alent to the initial total amount paid for unemployment insurance (UI). So we fix the
amount collected by an 8.5% tax of formal wage and divide it into an equal amount to
every household. In equilibrium, the formal sector payroll tax adjusts so the govern-
ment budget constraint is satisfied. In this first experiment, the UBI will replace the Ul in
the new economy. We also estimate a transfer equivalent to R$146.00 monthly for every

household. This value is motivated by the transfer of US$ 1.00 daily to every Brazilian

and corresponds to the World Bank’s original international poverty line.

The UBIs implication for welfare naturally is heterogeneous among workers, but the UBIs

do not increase overall welfare when they replace the Ul policy (column 3 and 4 of Table
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3). To measure total welfare we use two different approaches. First, we compute welfare
in terms of utis. In this measure we aggregate the value function with the distribution of

households over assets:

Wel fare = Z /OOW(ms)g(a,s)da

s=I[,Fu”*%=

We also analyze welfare in terms of Consumption Equivalent (CE) variation :

/aoo Z o /OOO e log[(1 4+ \)(a, s)|g(a, s)dtda =

s=I1,Fu

/ Z Eg/ e Plog[c®(a, s)]g(a, s)dtda
a 0

s=I,Fu

A in this formula accounts for the change needed in initial consumption to achieve the

same level of average utility after the policy ®. In this case, \ is:
A\ = 6p(WelfareP"l—Welfareo) -1

In Table 3, the simulations show that the introduction of the UBI policy distorts the la-
bor market and increases the share of informal workers. Moreover, the distribution of
workers over assets also affects the aggregate measure of welfare, and UBI results in a
lower propensity to save that is reflected in a higher interest rate in equilibrium. This
exercise suggests that the Ul policy of a paid-upfront benefit to displaced workers dom-
inates the universal distribution policy. This result goes in line with the argument that
targeted transfers are more beneficial in increasing welfare, but surprisingly, in this case,

the targeted households are the more wealthy ones (formal workers).

In column 5 of Table 3, we introduce UBI with the current UI policy of 8.5%. The increase

8In these simulations, we have two fundamental components altering welfare. First, there is the increase
or decrease in the consumption/value function of households. This is a direct effect of a policy. Never-
theless, we have also the effects on the redistribution of households across assets. This also is relevant to
measure aggregate welfare changes.
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Model variables Original UBI (neutr.) UBI(WB) UBI+UI Noth.

unempl. rate 11.9% 11.8% 12.0% 12.1%  11.7%
informal employ. 36.2% 38.8% 40.2% 39.8%  36.6%
formal employ. 51.9% 49.4% 47.8% 48.1%  51.7%
job-finding rate (formal) 0.566 0.541 0.519 0.516 0.573
job-finding rate (informal) 0.910 0.977 1.008 0.983 0.934
Aver. formal wage 0.130 0.134 0.128 0.117 0.143
Aver. informal wage 0.106 0.099 0.095 0.097 0.104
wage gap 22.6% 35.7% 35.0% 20.8%  36.6%
House. debt to GDP 0.249 0.337 0.334 0.259 0.330
Real inter. rate 5.0% 5.4% 5.9% 6.1% 4.7%
Payroll tax 8.5% 8.7% 16.1% 26.7% 0%

GDP 0.235 0.232 0.230 0.230 0.235

Profits (formal) 0.0252 0.0243 0.0245 0.0257  0.0234
Profits (informal) 0.0044 0.0055 0.0064 0.0063  0.0043
Welfare (utis) -17.92 -18.01 -18.00 -17.85  -18.05
Welfare (CE) - -0.98% -0.87% 0.77%  -1.41%

Table 3: Outcomes from the model - UBI policy

in welfare indicates that there is space for more intervention for workers in the original
economy. Furthermore, a world without any intervention (no UBI and no UI) reduces the

average welfare of households.

Naturally, the introduction of a UBI policy has its winners and loser, and the aggregate
measure of welfare masks important redistribution issues. This effect can be seen stat-
ically when we evaluate the Consumption Equivalent (CE)? variation for occupational
type (formal, informal and unemployed) and by assets holdings in Figure 2. This is only

a static analysis of welfare since it does not incorporate the dynamic effects of reallocation

We compute the Consumption Equivalent (CE) in the same way as before but now focusing on
the occupation. For instance, the formal worker Consumption Equivalent (CE) variation is: A(a) =

eP(W?" (a.F)=W®(a.F)) _ 1 Go in this case CE variation is computed for every possible asset holding a.
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of individuals across assets, which happens when comparing the two steady-states.

Consumption Equivalent - UBI (WB) Consumption Equivalent - UBI (Neutral)

Percentage varation (%)
Percentage variation (%)
(%]

Infarmal or Informal
Formal h Formal

Unemployed Unemployed

-0.5 0 0.5 1 15 2 -0.5 0 0.5 1 15 2
assets assets

Consumption Equivalent - UBI+UI

Percentage variation (%)

Informal
Formal
Unemployed

0.5 0 0.5 1 15 2
assets

Figure 1: UBI policies - winners and losers

Nevertheless, in this analysis, we can see that the effects of UBI are greater for poor house-
holds and, more surprisingly, also increase welfare for more rich ones. "Middle class”
formal workers are the ones that bear the cost of a UBI policy in this model. The effects of
welfare are also heterogeneous between occupations since informal and informal workers

benefit from it, independent of their asset holdings.

When UBI is introduced together with UI all agents across different assets increase their
welfare. Again, the households that most benefit from the policy are the poor ones, and

the rich also increase welfare more than the “middle class” workers.

This shows that when evaluating the feasibility and impacts of this type of policy it is
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important to take into account heterogeneity across households. Average measures of

welfare can sometimes be a misleading indicator, depending on the policy intentions.

The effects of the introduction of the UBI policy and the taxes to finance also affects wages,
that are endogenously determined in our model. Figure 2 illustrates this mechanism in
the UBI (World Bank) conterfactual. It shows that the effects are heterogeneous across
assets and occupations: “poor” formal formals workers increase their wages and “rich”
formal and informal workers have lower salaries in the new equilibrium. This reflects the
effects of two movements: The change in the welfare functions and thus the “surplus” of
the match, and the increase in taxes needed to finance the policy. The net effect on wages

depends on the asset position and occupation of the worker as the figure shows.

Wage schedule

wage
=]
T
\
\
i

Informal
= = = Informal - UBI

Formal
- = = Farmal - UBI

0.02 | L 1 | |
-0.8 -0.6 -0.4 -0.2 o 0.2 0.4 0.6

assets

Figure 2: Wage schedule - Benchmark and UBI (World Bank) economies

When accounting for the change in the distribution of households across assets to mea-
sure welfare, there are also heterogeneous effects of the policy across occupations. The
most striking result is that formal worker seems to benefit more from the UBI policy than

informal and unemployed as shown in Table 4.

In Figure 3 we can see that this happens mainly because of the reallocation of households
across assets. The figure presents the distribution of households across different asset

levels and across occupations before and after the introduction of the policy. It illustrates
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Occupation  UBI (neutr.) UBI(WB) UBI+UI Noth.

Informal -2.6% -1.8% 21%  -4.0%
Formal 1.5% 1.5% 0.5% 1.1%
Unemployed -2.8% -2.1% 20%  -42%

Table 4: Consumption equivalent - UBI policies heterogeneity

the mechanism using the UBI (neutral transfer) contrafactual as an example: when we
extinguish the UI policy, the transition between formal and other states increases their
gap, and because of this, the risk perceived by households also increases. Formal workers
save more to partially account for the risk increase, and this ends up raising their average
welfare. On the other hand, informal and unemployed borrow more from formal workers
since they are now in a worst situation and the transition from formal to unemployment
does not increase asset positions, since there is no more UL In the simulations with UBI
and UI, this mechanism is not present, and the informal and unemployed increase more

welfare than formal workers.

Distribution across assets - Informal Distribution across assets - Formal Distribution across assets - Unemployed
T T

035 T 02
! I B (Neutral)
-Eemhmark

[ U {Neutra) ! I B! (Neral)
[ Berchmark 0.18 1 [ Benchmark

assels assels assels

Figure 3: Distribution of households across assets and occupations

5.2 Counterfactuals in partial equilibrium

Partial equilibrium analysis highlights the importance of the general equilibrium (GE)

models and illustrates the effects of the framework when analyzing the UBI policy. The
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design of the UBI policy considered in this exercise is the neutral transfer replacing the

unemployment insurance and its results are shown in Table 5.

Model variables Original GE  Fix. tax Fix. inter.  Fix.
unemploy. rate 11.9%  11.8%  11.9% 11.7% 11.9%
informal employ. 36.2%  38.8%  38.6% 38.5% 36.2%
formal employ. 51.9%  494%  49.5% 49.8% 51.9%

job-finding rate (formal) 0.566 0.541  0.542 0.555 0.566
job-finding rate (informal)  0.910 0977 0976 0.989 0.910

Aver. formal wage 0.130 0.134  0.135 0.134 0.137
Aver. informal wage 0.106 0.099 0.099 0.099 0.101
wage gap 22.6%  35.7%  35.8% 35.6% 35.1%
House. debt to GDP 0.249 0.337  0.333 0.511 0.319
Real inter. rate 5.0% 5.3% 5.5% 5.0% 5.3%
Payroll tax 8.5% 8.7% 8.5% 8.7% 8.2%
GDP 0.235 0.230  0.232 0.233 0.235

Profits (formal) 0.0252  0.0243 0.0243 0.0230 0.0217
Profits (informal) 0.0044  0.0055 0.0054 0.0050  0.0062
Welfare (utis) -1792  -18.01  -17.99 -18.37 -17.94
Welfare (CE) - -0.98% -0.76% -4.79%  -0.22%

Table 5: Outcomes from the model - UBI neutral (Partial Equilibrium)

First, in column 4 of Table 5, we fix the tax to finance the amount transferred and we obtain
an increase in welfare (compared with the general equilibrium case). By doing this exer-
cise, we do not account for the necessary increase in the tax rate to balance the decrease in
formal jobs and satisfy the government budget constraint. So one key component of the
analyses is to account for the government’s capacity to collect taxes to finance the policy,

considering the distortions of the policy itself.

We also compute the impact of UBI introduction fixing the interest rate (column 5 of Table

5). Therefore, when calculating the new steady-state, the model does not adjust its interest
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rate from the former steady-state. Note that there is a more expressive decrease in welfare
measures. In the GE framework, the increase in the interest rate reduces the effects of
lower savings. It affects the distribution of workers across assets, which is a determinant

element of the average welfare as discussed in the previews sections.

Moreover, we attenuate the impact on welfare when we do not account for the change in
the job-finding rates (column 6 of Table 5). In this case, there is no distortion in the labor
market sector shares (formal, informal, and unemployed workers). Therefore, there is no
extra increase in the payroll tax due to distortion in the size of the formal market and no

welfare impact due to redistribution between work status.

5.3 Optimal UBI value

A natural question arises about the effects of Universal Basic Income with different val-
ues. We then simulate different values of UBI transfers and compute the welfare changes
against the benchmark economy with unemployment insurance of 8.5%. Therefore, for
each value of UBI transfer, we compute the stationary equilibrium and compare the wel-

fare change with the benchmark economy.

First in Figure 4, the design of the UBI replaces the Ul program. This exercise illustrates
more generally that a Ul policy of 8.5% dominates every possible value of UBI. The mini-
mum welfare loss from UBI policy happens for ex-post taxation of around 17% of formal

wage (that is used to finance the universal transfer to households).

If the UBI is introduced together with unemployment insurance (Figure 5) there are gains
of welfare for some values of the UBI policy. The maximum welfare increase happens

with a UBI policy with a ex-post taxation of around 20% additional to the 8.5% UI tax.
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Welfare gains (losses) Consumption Equivalent

-0.06 0.8

Welfare difference
Percentage (%)

L L . . | 22 L L L L L
0 0.1 0.2 0.3 0.4 0.5 0.6 1) 0.1 0.2 0.3 0.4 0.5 0.6

Tax to finance UBI Tax to finance UBI
Figure 4: UBI policy - replacing Ul

Welfare gains (losses) Consumption Equivalent

0.08

Welfare difference
Percentage (%)
(=}

0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
Tax to finance UBI Tax to finance UBI

Figure 5: UBI policy - with Ul

6 Conclusion

Universal Basic Income is a policy that often arises in the public debate, especially in
times of economic downturns. The impacts of this type of policy are complex and het-
erogeneous across agents in an economy. Naturally, the gains/losses and winners/losers
in its implementation is an empirical question that can be partially addressed through a

structural estimation.

Therefore, when analyzing this type of policies it is crucial to understand the circum-
stances of each country and its effects on these idiosyncrasies. Informality is an important

phenomenon in developing countries and the labor market effects of any policy are en-
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riched when we incorporate it explicitly. Thus, we evaluated the impacts of a Universal

Basic Income in this context, using the Brazilian economy as a benchmark.

Our tool for this analysis is a general equilibrium model featuring risk-averse heteroge-
neous agents, a frictional labor market and incomplete markets with formal and informal
sectors. With heterogeneous agents subject to labor market shocks and incomplete mar-
kets, there is room for the provision of insurance. Policies in our model must be paid with

a payroll-tax on formal firms.

When calibrating the model to Brazilian data we found that the UBI does not increase
aggregate welfare (reduction of ~ 1%) when introduced replacing the existing Unemploy-
ment Insurance (UI) policy. However, there is an increase in aggregate welfare by almost
0.8% when an R$ 146.00 monthly universal transfer is combined with the existing UI pol-
icy.

The UBI benefit more poor households and less (or even hurt depending on its design)
middle formal asset holders, what we labeled middle-class formal workers. We also high-
light the importance of the change in asset holdings position (change in the distribution
of workers across assets) when computing welfare impact. Using a welfare measure to
account for the distribution change we find that formal workers benefit from the intro-
duction of UBI (replacing UlI) because of the increase in their position as net lenders for
informal and unemployed workers. This effect is not present when combining UBI and

UL Thus, formal workers are the ones that less benefit from UBI in this design.

Finally, when UBI is designed to replace Ul there is no possible increase in welfare, even
for large values of the universal transfers. This indicates that Ul dominates UBI as a form
of policy to secure workers. If UBI is introduced together with existing Ul, there is space
to increase aggregate welfare that reaches its maximum with an ex-post payroll-tax of yes

20 % to finance UBI.
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Appendix

A Algorithm for stationary equilibrium computation

Finding the equilibrium requires a fixed-point algorithm over {wr(a), w;(a), 0, 0r,r}. The

steps to calculate the equilibrium are described below:

cl=t—1
1—¢

I) Define the utility function u(c) = CRRA. Set up a grid for assets {a;}/_, of equidis-

tant points.

II) Guess tightness 6y and 0, calculate the labor market variables, for i =1 and F:

fi= Xz9§’”, q; = Xi&;", u, v; =0u

III) Guess interest rates r and wage schedule w;(a), fori=1and E.

IV) Solve the worker’s problem: The discretized HJB equation is:

VViJrls_Wis. + WiS_szls . —
‘/Vis: 1,8 : : 1,8 : 1,8
PWis = 1) + TR0 [ 74 e e g
~——— ~——
BaWFE 8 W5B

i,8 i,8

+ s [W (i + Lsmpround(Ul /da), s') — W (i, 8)] + LsmuAusr [W (4, 8") — W (i, u)]

Note that the finite difference method is using “upwind scheme”. We define [a]” =

min{a,0} and [a]" = maz{a,0}

Define consumption associated with increasing, decreasing, and not-touching assets, re-

spectively:

cf = (aawii)’% , c? = (BaWii)f% , C?,s =yis+ (r—0)a;
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These imply savings decisions:

dfs =Yis +di +Typr — (r — )a; — 0557 dfs =Yis +di +Typr — (r — )a; — Cfs

Define the following sets (can also use SKIBA):

I8 ={(i,s) s al, < 0}, IF = {(i,s) : 0 < al,}, 20 = {(i,s) s 4}, < 0 < &,

Final policies are given by:

Cis = 1{]F}C,fs + 1{13}655 + 1{]0}628, ai,s = Yi,s + dt + TUBI - (T - 5)&, —Cis

Let ¢ index the iterations of the value function. In matrix form, the HJB equation can be

written as:
WZ—H _ WE
T — u€ + (AZ + AK + UI@) W€+1 . pWZ—i—l

The transition matrix along the asset dimension, is defined as:

Yis 215 0 0o ... 0
A 0 0 Tos Y25 225 O ... 0
Af = 0 Ap 0], As= 0 235 Yss 235 .. 0
0 0 A, .o : . .
I 0 0 0 0 wrs yrs |
And we have z; ; = — [aiA‘aJ_ ) Zis = [aiA’sy ,Yis = —T;s — % s. The transition matrix along the

employment dimension, is defined as:
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—U[I 0 O'II
AZ - 0 —O'FI O'FI
fil  fel —(fi+ fr)1

The unemployment insurance matrix is given by:

0 1 0 0
00 0 0 ... 0 1 O
UI'=1|0 0 op(—I+T) inwhich. T=|0 ... 0 0 1
00 0
0 0 0 0
V) Discretized KF equations are given by:
0— _ [is]™ Gis — [@i16)" Gi1s _ [Qit1,s) Git1,s — [Qis] ™ Gis
Aa Aa

+)\s’,sgi,s/ - As,s/giJrround(UI/da),s

Which leads to: (A" + A + UIK),g =0
VI) Solve the firm’s problem that are given by HJB equations, fori =Iand F:

JHL gt
-+t A L :Wf+AiJf+l—(Ui+T)Jf+l

VII) Update the wage schedule w;(a), fori = and F with the value functions in the implicit

equation of Egalitarian Bargain.

VIII) Evaluate the free entry condition and update at the end of the loop the market tight-

ness according to:

0t = 0! + AG; - FE!, fori=Iand F
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IX) Excess demand on the asset market is:

AD =Y d'[g(a, 1)+ g(a, F) + g(a,u)|Aa

a

If it is positive, the guess for r was too low. Update according to:

rtt =1t 4 Ar- ADS

X) Repeat until convergence

B Calibration

Model Target Value achieved

unemployment rate 11.9% 11.9%

informal employment 36.2% 36.2%

formal employment 51.9% 51.9 %

wage gap (formal and informal) 22.5% 22.6%
household debt to GDP 0.25 0.25
real interest rate 5% 5%

wage mass to GDP 45.0% 45.1%
market tightness (formal) 1.0 1.0
market tightness (informal) 1.0 1.0

Table 6: Outcomes of the model

39



value function

0.35

0.3

0.25

0.15

0.1

0.056

Worker value functions

employed Informal
employed Formal
unemployed e
ete +
|
0.6 0.4 0.2 o 0.2 0.4 0.6

25

value function
s
- n

=}
o

= employed Informal
employed Formal

Filled job value functicn

Figure 6: Value functions

Marginals of the stationary distribution

employed Informal
employed Formal
unemployed

. . . \ . . .
-1 05 0 0.5 1 1.5 2 25 3 3.5 4
assets

0.1

savings

0.5

1 1.6 2 25 3 3.5 4
assets

employed |nformal
employed Formal

unemployed

-1 05 0 0.5

1 1.5 2 25 3 3.5 4
assets

Figure 7: Distribution of households and saving functions

Wage schedule

-1 05 0 0.5 1 15 2 25 3 3.5 4
assets

0.8

0.7

0.6

0.5

0.4

consumption

0.3

02

01

Consumption

employed Informal
employed Formal | |
unemployed

1 15 2 25 3 3.5 4
assets

Figure 8: Consumption’s and wage schedule functions

40



	Introduction
	Literature Review
	The Model
	Overview
	Households
	Firms
	Labor Market
	Asset Market
	Government
	Equilibrium definition
	Algorithm overview

	Calibration
	Model’s Parameters Exogenously Determined
	Model’s Parameters Endogenously Determined

	Effects of an introduction of a UBI policy
	UBI policies in general equilibrium
	Counterfactuals in partial equilibrium
	Optimal UBI value

	Conclusion
	Algorithm for stationary equilibrium computation 
	Calibration 

