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a b s t r a c t 

A structural model of heterogeneous agents is built to account for the labor market dynamics of an economy with 
a large informal sector and to quantify effects of labor market policies on employment, worker flows, savings and 
welfare in a dual economy. The introduction of unemployment insurance has only a small impact on unemploy- 
ment but induces a sectoral reallocation of formal labor into informality. Generous severance payments lower 
the wage of formal jobs and reduce flows from unemployment to formality. In financing expenditures, shifting a 
tax burden from labor income to consumption increases the size of a formal sector, enhancing productivity and 
welfare. Economic and welfare consequences of policy reform can significantly differ from those in a single-sector 
economy due to workers’ incentives to avoid taxes and maximize transfers by moving across sectors. 
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. Introduction 

The size of the shadow economy is large across the world.
edina and Schneider (2018) estimate that more than one-third of
orld GDP is produced in the underground economy. 1 In developing

egions such as Latin America and Sub-Saharan Africa, over 40% of the
conomic activities take place informally, and in some countries two-
hirds of the economy is underground. 

Distinguishing between formality and informality is important in an-
lyzing policies in such an economy. An informal sector, by definition,
s characterized by lack of compliance with government regulations. In-
ividuals pay no taxes and make no social security contribution on in-
ome earned informally. They are, however, disconnected from public
rovision of social insurance, despite the fact that workers in the infor-
al sector face higher labor mobility and earnings volatilities and are in
eed of more insurance. 2 Mexico is a prime example of such issues, with
☆ We thank participants of various seminars and conferences and particularly Jorge
im Kehoe, Ellen McGrattan, Juan Pablo Nicolini, Sangeeta Pratap and Edward Presc
nancial support for this project from the Japanese Ministry of Education through th
olicy Research Center at the National Graduate Institute for Policy Studies, as well
he Professional Staff Congress and The City University of New York (Award #61375
∗ Corresponding author. 

E-mail addresses: julen.esteban@gmail.com (J. Esteban-Pretel), sagiri.kitao@gmai
1 Medina and Schneider (2018) estimate the size of the shadow economy for 158

conomic activities which are hidden from official authorities for monetary, regulat
ctivities that would contribute to national GDP, if recorded. They try to avoid illega
2 Binelli (2016) uses the ENEU data of Mexico and shows that most (60%) of wage

ector contributed to the rise in wage in inequality since the financial crisis of the mi
3 The average over 2000-2010. See section 3 for detailed description of the data an
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 history of attempts to curb informality. Using the data of the Mexican
tatistics and Geography National Institute (INEGI), we estimate that
3% percent of the working population is employed in the underground
ector. 3 

Workers in the shadow economy face not only lower wages, but also
igher risks of job loss and little protection from job dismissals. Policy
akers are debating the implementation of an unemployment insurance

ystem, which is far from comprehensive at present. Also debated is a
eform of the tax system on consumption and labor income, two major
ources of revenues besides oil in Mexico ( OECD, 2019 ). Such changes in
abor market and fiscal policies are likely to induce mobility of workers
cross sectors. 

This paper builds a structural life-cycle model of heterogeneous
gents in a dual-sector economy, in which workers move between for-
al and informal sectors and in and out of unemployment. Individu-

ls are heterogeneous in the stage of life-cycle, human capital, wealth,
 Alonso, Toni Braun, Gary Hansen, Hugo Hopenhayn, Selahattin Imrohoroglu, 
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e Grant-in-Aid for Scientific Research (Grant Number 24330063), through the 
 as support provided for this project by a PSC-CUNY Award, jointly funded by 
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 countries from 1991 to 2015. They define the underground economy as all 

ory and institutional reasons. It reflects mostly legal economic and productive 
l or criminal activities and other household activities. 
 inequality comes from wage inequality within informal jobs and the informal 
d-1990s. 
d the statistics we computed from the INEGI database. 
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5 Our model differs from Cirelli et al. (2019) in that we have richer dynam- 
ics of earnings where individuals accumulate human capital over the life-cycle 
and face stochastic productivity shocks in each sector. They focus on effects of 
ninsurable idiosyncratic labor productivity and the sector where they
urrently work. They face uncertainty in employment and productiv-
ty, but the market is incomplete and risk-averse individuals engage in
ife-cycle as well as precautionary savings of riskless assets to smooth
onsumption. The model is calibrated using various micro data, includ-
ng the National Urban Employment Survey (ENEU) and the National
mployment and Occupational Survey (ENOE) for wage and employ-
ent data and the National Household Income and Expenditure Survey

ENIGH) for asset profile. 
We then use the calibrated model to simulate debated labor market

olicies to quantify effects on wages, employment, savings, and welfare,
s well as the reallocation of labor across sectors. We simulate two la-
or market policies: an introduction of unemployment insurance and
he provision of more generous employment protection through higher
everance payment. 

We allow laid-off workers in the formal sector to collect unemploy-
ent benefits for a limited duration. The policy increases the unemploy-
ent rate, although the effects are quantitatively small. Hazard rates,
owever, into formality among insurance recipients decline and the un-
mployed are more likely to accept offers for informal jobs. Given the
ack of monitoring of employment in the informal sector, unemployed
ndividuals who accept a job in the informal sector can keep collecting
enefits until the receiving period ends. 

A higher severance payment reduces the likelihood of layoffs in the
ormal sector. The policy, however, also depresses equilibrium formal
ages, leaving the unemployment rate and the share of formality almost
nchanged. Hazard rates, both into formality and informality, decrease
ith more severance payments due to wealth effects through larger

ransfers. 
To quantify fiscal costs of alternative policies, we simulate a model

mplementing the policies under alternative tax regimes, by shifting
ources of taxation between labor income and consumption. While
onsumption taxes are less distortionary than labor income taxes, the
hange in employment due to higher labor taxes turns out to be surpris-
ngly small. In our dual-sector economy, workers move from formal jobs
o informal jobs that remain free of taxes. Such a sectoral reallocation
nvolves a decline in overall productivity and average earnings as well
s a sizeable welfare loss of individuals. 

Our paper attempts to contribute to different lines of literature. Our
odel follows the tradition of dynamic structural models populated by
eterogenous agents, who optimally choose consumption, saving and
abor supply in an incomplete market. 4 The model is also a version of
he life-cycle framework developed by Auerbach and Kotlikoff (1987) ,
here individuals accumulate wealth for precautionary and retirement

easons. Using a life-cycle rather than an infinitely-lived agent model
elps us approximate the earnings-wealth ratio that is consistent with
ata of a typical dual economy and the process of accumulating physical
nd human capital at stages of the life-cycle. We introduce stochastic
ging, a modeling device developed by Blanchard (1985) , which allows
s to reduce the size of individual state space. 

The literature has been also merged with and extended to incorpo-
ate labor market frictions and to study unemployment dynamics and
arious labor market policies. The search-island model of Lucas and
rescott (1974) captures search frictions to account for short-run un-
mployment, which is adopted by papers such as Alvarez and Ve-
acierto (2001) and Kitao et al. (2017) . They assume that a worker
ho finds an island will be randomly matched with a firm and re-

eives a job offer at the equilibrium wage in the island. Alvarez and
eracierto (2001) use the model to study effects of severance payments
nd Kitao et al. (2017) the roles of transfer policies that interact with
ecisions of human capital investment and career length in a life-cycle
odel. Our model also includes frictions in the labor market, as in
4 The literature was pioneered by Bewley (1986) , Huggett (1993) and 
iyagari (1994) . 

i
a
t
t
a

2 
ortensen and Pissarides (1994) . We let each firm create one job, while
eing subject to idiosyncratic productivity shocks and endogenous job
estruction. 

The papers mentioned above focus on a single sector of the economy
nd one of our major contributions is to extend it to a dual-sector econ-
my in a tractable way. We analyze effects of labor market and fiscal
olicies in an economy where a large informal sector plays an impor-
ant role in accounting for dynamics of the labor market, individuals’
elfare and the aggregate economy. Alcaraz et al. (2015) show that al-

hough there exists some segmentation in the Mexican labor market,
 large number of workers self-select into a particular sector, implying
hat a structural model needs to capture endogenous mobility of workers
cross sectors and analysis of policy reforms should take into account
heir effects on these margins. 

Therefore our paper builds on another growing body of literature
omprising theoretical and empirical studies on labor market dynamics
nd policies in an economy with dual sectors. In terms of more theoreti-
al papers, Álvarez-Parra and Sánchez (2009) study the design of unem-
loyment insurance when workers can participate in a hidden labor mar-
et and show that the optimal scheme differs significantly from the one
rescribed in a market without dual sectors. Cirelli et al. (2019) study
ptimal design of an unemployment insurance saving accounts (UISA)
ystem in a model with two sectors with savings and their model is per-
aps closest to ours among models with informality. 5 They find that the
ptimal UISAs increase welfare, and reduce unemployment and infor-
ality due to the incentives for keeping jobs in the formal sector. Both of

hese papers study optimal design of an unemployment system in more
etail than ours, while our analysis has the advantage of incorporating
eneral equilibrium effects. 

Levy (2008) studies informality in Mexico and different policy re-
orms that took place to curb it. The author’s proposal is to eliminate
age-based social security contributions and impose a progressive con-

umption tax. The results of our paper that lower income taxes and
igher consumption taxes reduce informality are broadly consistent with
evy’s proposal, although our experiments are not a perfect mapping to
is proposal and therefore not directly comparable. Other authors at
he Inter-American Development Bank have also done various empiri-
al research on the effects of tax reforms in countries with high infor-
ally. Bernal et al. (2017) study the effect on employment and wages

f the switch from payroll taxes to corporate income taxes in Colombia.
ora and Fajardo (2012) analyze the effects of payroll, corporate in-
ome and value-added taxes on the labor market for 15 Latin American
ountries. 

Alonso Ortiz and Leal Ordonez (2018) construct a search model
f two sectors calibrated to the Mexican data and show that tax and
ransfer policies have a large impact on the size of the informal sec-
or. Antón (2014) builds a model with endogenous choice of sectors
alibrated to the data of Colombia and studies effects of tax reduction
n the size of the formal sector. Bobba et al. (2018) estimate a search
nd matching model of formal and informal labor markets using Mexi-
an data and show that raising taxes may or may not decrease the for-
al sector and that a comprehensive social security system will reduce

he size of the informal sector and raise productivity. Leyva and Urru-
ia (2019) build a model with business cycles calibrated to the Mex-
can economy and study effects of informality and labor market reg-
ntroducing the UISA and we study roles of unemployment insurance and sever- 
nce payments and also consider effects of alternative financing schemes, using 
axes on labor income and consumption. They show that the UISA, with addi- 
ional contribution of the government to an individual’s account, makes it more 
ttractive to work in the formal sector and improves welfare. 
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lations on volatility of macroeconomic variables. 6 Our innovation in
his context is first to allow individuals to accumulate physical and hu-
an capital over their life-cycle, which interacts with an individual’s
ecision about which sectors to work in. Savings of risk-averse individ-
als adds another key ingredient in evaluating the roles of government-
rovided insurance through unemployment benefits and severance pay-
ents. Second, we consider effects of alternative fiscal policies to fi-
ance policy expenditures on labor market dynamics and individuals’
elfare. 

The remainder of the paper is organized as follows.
ection 2 presents the model and section 3 describes the data and
alibration of the model parameters. Section 4 presents the results of
he different policy experiments and section 5 concludes. 

. Model 

.1. Environment 

There are two sectors of production in the economy: formal and in-
ormal. The main difference between the two sectors is that firms in the
nformal sector hide from the government to avoid regulations. There-
ore, workers in the informal sector do not pay labor income taxes on
heir hidden earnings, and firms do not have to pay a severance cost
hen they fire the worker. However, in order to avoid detection from

he government, firms operating in the informal sector incur a cost of
ontinuously hiding from the authority, which negatively affects their
roductivity. They also face a cost associated with risks of being de-
ected by the government and having to pay a penalty afterwards. We
ollow Bobba et al. (2018) and assume that the cost is proportional to
he size of the firm, given the fact that such risks are higher for larger
nd more profitable firms. 

There is no unemployment insurance in the baseline model, but we
ntroduce it in section 4.2 . In that extended version of the model, the
ormal sector also differs from the informal one in that working formally
ualifies the worker to collect unemployment insurance if fired, but if
e-hired in the formal sector, the worker has to give up those benefits.
n the contrary, working informally does not entitle the worker to col-

ect benefits, but if he was entitled to those benefits while unemployed,
e can continue collecting them until expiration even after he is hired
nformally, since that type of job is hidden from the government. 

In our model, there is a continuum of individuals born with un-
ertain life-spans. Each individual passes through two stages of life-
ycle, working-age and retirement phases. A working-age individual
aces probability 𝜌 of transitioning to the retirement age. All individ-
als are subject to mortality risks every period and 𝛿𝑤 and 𝛿𝑟 denote the
eath probability in each period for working-age and retired individuals,
espectively. 

An unemployed individual finds a job offer with probability 𝜋𝑈 
𝑠 

in
ector 𝑠 ∈ { 𝐹 .𝐼} , which he chooses to accept or reject. An employed in-
ividual in sector 𝑠 faces probability 𝑞 𝑠 every period that employment is
erminated by an employer and becomes unemployed. With probability
𝐸 
𝑠 

, individuals employed in sector 𝑠 will receive a job offer from the
ther sector, which they decide to accept or reject. Conditional on no
eparation that is exogenous to workers, all employed individuals have
6 The literature on informality is rapidly growing and papers described above 
re examples of many contributions. Leal Ordonez (2014) analyzes the effect 
f tax enforcement in a model of entrepreneurial decisions and D’Erasmo and 
oscoso Boedo (2012) build a dynamic firm model with endogenous formal 

nd informal sectors to study the effects of capital market imperfections. Other 
apers in the literature include Kugler (1999) , Fugazza and Jacques (2004) , 
oeri and Garibaldi (2005) , Antunes and de V. Cavalcanti (2007) , Zenou (2008) , 
lbrecht et al. (2009) , Bosch and Esteban-Pretel (2012) , Margolis et al. (2012) , 
zuara and Marinescu (2013) and Bosch and Campos-Vazquez (2014) . Papers 
uch as Jung and Tran (2012) and Tkhir (2020) study effects of social security 
eform in an economy with an informal sector. 
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3 
n option to quit the job and become unemployed or remain employed
n the current sector. When a job is terminated by the employer in the
ormal sector, the worker receives a severance payment 𝑔 𝐹 from the firm
hat laid off the worker. 

Earnings of an employed individual are determined by three compo-
ents: human capital ℎ , idiosyncratic labor productivity 𝜀 , and sector-
pecific market wage per efficiency unit 𝑤 𝑠 . Human capital grows at an
verage rate of 𝛾ℎ while employed and depreciates at 𝛿ℎ while unem-
loyed. The evolution of the human capital is expressed by transition
atrices 𝐻 

𝐸 ( ℎ, ℎ ′) and 𝐻 

𝑈 ( ℎ, ℎ ′) for employed and unemployed indi-
iduals, respectively, which denote the probability of human capital ℎ ′

n the next period conditional on the current human capital of ℎ . 
An individual in sector 𝑠 draws a new idiosyncratic labor produc-

ivity 𝜀 ′ with probability Λ𝑠 ( 𝜀, 𝜀 ′) conditional on current productivity
 . When an individual is newly matched with a job in sector 𝑠 , he will
raw an idiosyncratic productivity 𝜀 from the stationary distribution of
he productivity in each sector implied by the Markov transition matri-
es. 

Individuals derive utility 𝑢 ( 𝑐) from consumption 𝑐 and incur disutility
 𝑠 from working in sector 𝑠 . Future utility is discounted at rate 𝛽. 

.2. Production 

A firm in sector 𝑠 ∈ { 𝐹 , 𝐼 } creates a job incurring a startup cost 𝜇𝑠 to
roduce output next period at productivity level 𝑧 = 𝑧 0 

𝑠 
. The firm’s pro-

uctivity then follows a Markov process, 𝑍( 𝑧, 𝑧 ′) . More precisely, we as-
ume that in each period, firms draw a new productivity with probability
 

𝑧 from a uniform distribution with a support of [0 , 𝑧 ] , and calibrate the
ransition matrices accordingly. 

The production functions of formal and informal firms denoted as
 𝐹 and 𝐹 𝐼 , respectively, are given as 

 𝐹 ( 𝑧, 𝑘, 𝑛 ) = 𝑧𝑘 𝛼𝑛 1− 𝛼

𝐹 𝐼 ( 𝑧, 𝑘, 𝑛 ) = (1 − 𝜙) 𝑧𝑘 𝛼𝑛 1− 𝛼

here 𝛼 ∈ (0 , 1) denotes a capital share. 𝑧 is the current job-specific pro-
uctivity level, 𝑘 is physical capital that depreciates at rate 𝛿𝑘 and 𝑛 is
fficiency units of labor 𝜀ℎ supplied by the worker filling the job. 𝜙 rep-
esents the cost of operating in the informal sector, which reduces the
roductivity and output of an informal firm, as explained above. 

The matching mechanism is based on the framework of Lucas and
rescott (1974) , Alvarez and Veracierto (2001) and Kitao et al. (2017) ,
xtended to our multi-sector economy. Firms that enter each sector incur
n entry cost and entries of new firms continue until the wage per effi-
iency unit clears the labor market and makes the expected profit of cre-
ting a new job be zero. A firm pays the competitively determined wage
ate for each efficiency unit of a worker that it is randomly matched
ith in the centralized labor market. Each worker receives a payment,
hich is the market wage times the efficiency units of the worker filling

he job in the current period. In a new period, all surviving and new
rms are randomly matched with old and new workers of each sector. 

.3. Government 

The government imposes tax on consumption at rate 𝜏𝑐 . In the labor
arket, it taxes workers’ income in the formal sector at rate 𝜏𝑙 . In the

enchmark model, there is no unemployment insurance and we will
ntroduce it in section 4 . 

The amount of revenues raised by these taxes in the benchmark econ-
my is assumed to finance exogenous government expenditures that do
ot affect the decisions of individuals and workers. When we introduce
ifferent policies in section 4 , we assume that the same amount of ex-
enditures plus any additional expenses need to be financed and the tax
ate is adjusted in a new equilibrium. 



J. Esteban-Pretel and S. Kitao Labour Economics 68 (2021) 101956 

2

 

n  

o  

p  

t
w  

b
 

r  

a  

t  

u  

c  

i  

t  

a
 

c  

m  

e  

j  

a

2

 

g  

p  

i  

i  

s  

a  

i  

a
 

𝑉  

𝑉

s

𝑎

𝑎

A  

i  

p  

w
 

t
b  

o  

o  

a  

w  

m  

w
i

o  

i  

c  

p  

𝜀  

m  

a  

fi

𝑉

s

𝑎

𝑎

 

w  

e  

w  

b

𝑈

s

𝑎

𝑎

 

c  

v  

a  

p
a  

f  

o  

𝜋  

s  

p  

F

𝑅  

s

𝑎

𝑎

.4. Timing of Events 

At the beginning of each period, each incumbent firm observes its
ew productivity level 𝑧 and decides whether to continue production
r terminate the job. All firms in each sector have the same reservation
roductivity level 𝑧̃ 𝑠 , below which jobs are terminated. 7 Formal firms
erminating a job will incur a layoff cost 𝑔, which is paid to the laid off
orker as a severance payment. As a result of job destructions initiated
y firms, a fraction 𝑞 𝑠 of workers are laid off. 

Conditional on no separation that is exogenous to workers, they may
eceive a job offer from the other sector, in which case they will decide
mong three options: to accept the offer and work in the other sector,
o remain and work in the current sector or to quit the job and become
nemployed. If a worker receives no job offer from the other sector, the
hoice is between staying in the current sector and quitting. All remain-
ng jobs in each sector are randomly matched with workers in the cen-
ralized labor market, which include all existing and surviving workers
nd new entrants to the labor market. 

Once matches are formed, firms observe the matched worker’s effi-
iency units and choose the amount of capital to rent in the competitive
arket to maximize profit. Workers are paid the market wage 𝑤 𝑠 per

fficiency unit and the wage rate is determined such that newly created
obs break even and generate no profit in expectation. The market wage
djusts to ensure that all workers in each sector are matched to a job. 

.5. Individuals’ Problem 

The state vector of an employed individual in sector 𝑠 ∈ { 𝐹 , 𝐼 } is
iven as 𝑥 𝐸 

𝑠 
= { 𝑎, ℎ, 𝜀 } , where 𝑎 denotes assets carried from the previous

eriod, ℎ the level of human capital, and 𝜀 the idiosyncratic productiv-
ty in the current sector. The state vector of an unemployed individual
s 𝑥 𝑈 = { 𝑎, ℎ } . A retiree’s state consists of assets only, 𝑥 𝑅 = { 𝑎 } . We as-
ume that individuals can accumulate riskless savings but they are not
llowed to borrow, i.e. 𝑎 ′ ≥ 0 . We let 𝛽𝑤 and 𝛽𝑟 denote discount factors
nclusive of the survival probabilities, i.e. 𝛽𝑤 = 𝛽(1 − 𝛿𝑤 ) for working-
ge individuals and 𝛽𝑟 = 𝛽(1 − 𝛿𝑟 ) for retirees. 

We now write value functions of individuals employed in sector 𝑠 ,
 𝑠 ( 𝑎, ℎ, 𝜀 ) and unemployed, 𝑈 ( 𝑎, ℎ ) , and value functions of retirees, 𝑅 ( 𝑎 ) .

Value Function of the Employed in the Formal Sector: 

 𝐹 ( 𝑎, ℎ, 𝜀 ) = max 
𝑐,𝑎 ′

{
𝑢 ( 𝑐) − 𝐵 𝐹 + 𝛽𝑤 (1 − 𝜌) 

[
𝑞 𝐹 𝐸𝑈 ( 𝑎 ′, ℎ ′) 

+ (1 − 𝑞 𝐹 ) 𝜋𝐸 
𝐼 

𝐸 max 
{
𝑉 𝐹 ( 𝑎 ′, ℎ ′, 𝜀 ′) , 𝑉 𝐼 ( 𝑎 ′, ℎ ′, ̃𝜀 ′) , 𝑈 ( 𝑎 ′, ℎ ′) 

}

+ (1 − 𝑞 𝐹 )(1 − 𝜋𝐸 
𝐼 
) 𝐸 max 

{
𝑉 𝐹 ( 𝑎 ′, ℎ ′, 𝜀 ′) , 𝑈 ( 𝑎 ′, ℎ ′) 

}]

+ 𝛽𝑤 𝜌𝑅 ( 𝑎 ′) 
}

(1) 

ubject to 

 

′ = (1 − 𝜏𝑙 ) 𝜀ℎ𝑤 𝐹 + (1 + 𝑟 ) 𝑎 + 𝑔 − (1 + 𝜏𝑐 ) 𝑐 (2) 

 

′
≥ 0 

 formal worker chooses current consumption, 𝑐, and savings, 𝑎 ’ , to max-
mize his lifetime utility subject to the budget constraint. In the current
eriod, he obtains utility 𝑢 ( 𝑐) from consumption and disutility 𝐵 𝐹 from
orking. 

In the following period, which is discounted at rate 𝛽𝑤 , he may re-
ire with probability 𝜌 and obtain value 𝑅 ( 𝑎 ′) . He may also get laid-off
y the firm, which happens with probability 𝑞 𝐹 , in which case he will
btain a value 𝐸𝑈 ( 𝑎 ′, ℎ ′) . If the worker does not get fired, he may get an
ffer from an informal firm with probability 𝜋𝐸 

𝐼 
and will have to choose

mong staying in the formal sector, moving to the informal sector (in
hich case he will draw a new idiosyncratic productivity 𝜀̃ ′ in the infor-
al sector), or becoming unemployed. Finally, if he does not get fired
7 The continuation decision is made before a firm is randomly matched with a 
orker and 𝑧̃ 𝑠 is the threshold productivity level below which profit is negative 

n expectation. 

 

c  

c  

d

4 
r receive an informal offer, he will choose between staying employed
n the formal sector or becoming unemployed. As seen in the budget
onstraint (2) , the formal worker receives income 𝜀ℎ𝑤 𝐹 , which is the
roduct of the formal wage, 𝑤 𝐹 , his current idiosyncratic productivity,
 , and human capital, ℎ . Out of the earned income, the formal worker
ust pay a fraction 𝜏𝑙 in taxes. He will also receive interests on the saved

ssets, (1 + 𝑟 ) 𝑎 , and a severance payment 𝑔 only if he is laid-off by the
rm. All individuals pay a tax 𝜏𝑐 per unit of consumption. 

Value Function of the Employed in the Informal Sector: 

 𝐼 ( 𝑎, ℎ, 𝜀 ) = max 
𝑐,𝑎 ′

{
𝑢 ( 𝑐) − 𝐵 𝐼 + 𝛽𝑤 (1 − 𝜌) 

[
𝑞 𝐼 𝐸𝑈 ( 𝑎 ′, ℎ ′) 

+ (1 − 𝑞 𝐼 ) 𝜋𝐸 
𝐹 

𝐸 max 
{
𝑉 𝐼 ( 𝑎 ′, ℎ ′, 𝜀 ′) , 𝑉 𝐹 ( 𝑎 ′, ℎ ′, ̃𝜀 ′) , 𝑈 ( 𝑎 ′, ℎ ′) 

}

+ (1 − 𝑞 𝐼 )(1 − 𝜋𝐸 
𝐹 
) 𝐸 max 

{
𝑉 𝐼 ( 𝑎 ′, ℎ ′, 𝜀 ′) , 𝑈 ( 𝑎 ′, ℎ ′) 

}]

+ 𝛽𝑤 𝜌𝑅 ( 𝑎 ′) 
}

(3) 

ubject to 

 

′ = 𝜀ℎ𝑤 𝐼 + (1 + 𝑟 ) 𝑎 − (1 + 𝜏𝑐 ) 𝑐 (4) 

 

′
≥ 0 

The problem of an informal worker is similar to that of a formal
orker, but differs in that because he is employed in the underground

conomy, he does not pay taxes on his earned income. Unlike a formal
orker, an informal worker cannot collect a severance payment if fired
y the firm. 

Value Function of the Unemployed: 

 ( 𝑎, ℎ ) = max 
𝑐,𝑎 ′

{ 

𝑢 ( 𝑐 ) + 𝛽𝑤 ( 1 − 𝜌) 
[

+ 𝜋𝑈 
𝐹 

𝜋𝑈 
𝐼 

𝐸 max 
{
𝑉 𝐹 

(
𝑎 ′, ℎ ′, 𝜀 𝐹 

)
, 𝑉 𝐼 

(
𝑎 ′, ℎ ′, 𝜀 𝐼 

)
, 𝑈 

(
𝑎 ′, ℎ ′

)}

+ 𝜋𝑈 
𝐹 

(
1 − 𝜋𝑈 

𝐼 

)
𝐸 max 

{
𝑉 𝐹 

(
𝑎 ′, ℎ ′, 𝜀 𝐹 

)
, 𝑈 

(
𝑎 ′, ℎ ′

)}

+ 𝜋𝑈 
𝐼 

(
1 − 𝜋𝑈 

𝐹 

)
𝐸 max 

{
𝑉 𝐼 

(
𝑎 ′, ℎ ′, 𝜀 𝐼 

)
, 𝑈 

(
𝑎 ′, ℎ ′

)}

+ 

(
1 − 𝜋𝑈 

𝐹 

)(
1 − 𝜋𝑈 

𝐼 

)
EU 

(
𝑎 ′, ℎ ′

)]

+ 𝛽𝑤 𝜌𝑅 

(
𝑎 ′
)}

(5) 

ubject to 

 

′ = (1 + 𝑟 ) 𝑎 − (1 + 𝜏𝑐 ) 𝑐 (6) 

 

′
≥ 0 

Similar to employed workers, an unemployed individual chooses
onsumption and savings to maximize his life-time utility. The future
alue of being unemployed depends on his chances of getting job offers
nd retiring. He may get an offer from both sectors simultaneously with
robability 𝜋𝑈 

𝐹 
𝜋𝑈 

𝐼 
, and after drawing the idiosyncratic productivities, 𝜀 𝐹 

nd 𝜀 𝐼 , he will choose among a job in the formal sector, one in the in-
ormal sector, or remaining unemployed. He may get an offer only from
ne of the sectors, for instance from the formal sector with probability
𝑈 
𝐹 
(1 − 𝜋𝑈 

𝐼 
) , and choose between taking the offer and moving to that

ector or remaining unemployed. He may not get any offer, which hap-
ens with probability (1 − 𝜋𝑈 

𝐹 
)(1 − 𝜋𝑈 

𝐼 
) , and he will remain unemployed.

inally, he may retire with probability 𝜌. 
Value Function of Retirees: 

 ( 𝑎 ) = max 
𝑐,𝑎 ′

{
𝑢 ( 𝑐) + 𝛽𝑟 𝑅 ( 𝑎 ′) 

}
(7)

ubject to 

 

′ = (1 + 𝑟 ) 𝑎 − (1 + 𝜏𝑐 ) 𝑐 (8) 

 

′
≥ 0 

The problem of a retired worker is a simple one, where he chooses
onsumption and savings to maximize his utility, subject to the budget
onstraint. The problem remains the same until he exits the model upon
eath. 
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are not able to borrow. 

9 http://www.banxico.org.mx 
10 More precisely, it is computed as the average real interest rate on one-year 

government bonds in 2000-2010. 
11 Among our samples, the average working years of those attached to the labor 

force (around 65% of the population) is 42 years. 
12 The assumption of stochastic aging follows a modeling device developed by 

Blanchard (1985) and used more recently in life-cycle models with rich hetero- 
geneity, such as Cagetti and De Nardi (2009) and Jeske and Kitao (2009) , to 
mitigate computational burden. 
13 According to the age profile of saving that we compute with the ENIGH 

data, which we discuss in detail below, the saving of those aged 20 and below 

is almost zero. In the computation, we assume that the lowest possible asset is 
.6. Firms’ Problem 

A firm with productivity 𝑧 matched with a worker with efficiency
nits 𝑛 will optimally choose the level of capital 𝑘 used in produc-
ion. Current profits for the firm are composed of the difference be-
ween revenues obtained from production, 𝑧𝑘 𝛼𝑛 1− 𝛼 for formal firms and
1 − 𝜙) 𝑧𝑘 𝛼𝑛 1− 𝛼 for informal firms, and costs, both from hiring labor, 𝑤 𝑠 𝑛 ,
nd renting capital, ( 𝑟 + 𝛿𝑘 ) 𝑘 , where 𝛿𝑘 is the rate of depreciation of cap-
tal. 8 The value functions of an existing firm in each of the two sectors
re given as follows. 

Problem of the Formal Firm: 

 𝐹 ( 𝑛, 𝑧 ) = max 
𝑘 

{
𝑧𝑘 𝛼𝑛 1− 𝛼 − 𝑤 𝐹 𝑛 − ( 𝑟 + 𝛿𝑘 ) 𝑘 

}

+ 

1 
1 + 𝑟 

∑
𝑧 ′

𝑍( 𝑧, 𝑧 ′) ̃𝐽 𝐹 ( 𝑧 ′) , (9) 

here 

 ̃𝐹 ( 𝑧 ) = max 
{
𝐸 𝑛 

[
𝐽 𝐹 ( 𝑛, 𝑧 ) 

]
, − 𝑔 

}
(10)

s the continuation value for the formal firm, which must decide whether
o remain operative or fire the worker and pay cost 𝑔. 

Problem of the Informal Firm: 

 𝐼 ( 𝑛, 𝑧 ) = max 
𝑘 

{
( 1 − 𝜙) 𝑧𝑘 𝛼𝑛 1− 𝛼 − 𝑤 𝐼 𝑛 − 

(
𝑟 + 𝛿𝑘 

)
𝑘 
}

+ 

1 
1 + 𝑟 

∑
𝑧 ′

𝑍 

(
𝑧, 𝑧 ′

)
𝐽 𝐼 

(
𝑧 ′
)
, (11) 

here 

 ̃𝐼 ( 𝑧 ) = max 
{
𝐸 𝑛 

[
𝐽 𝐼 ( 𝑛, 𝑧 ) 

]
, 0 
}
, (12)

s the continuation value for the informal firm, which does not face a
ring cost for dismissing the worker. 

Associated with the solution to an existing firm’s optimization prob-
em is a reservation productivity 𝑧̃ 𝑠 for 𝑠 ∈ { 𝐹 , 𝐼 } that satisfies 

 𝑛 

[
𝐽 𝐹 ( 𝑛, ̃𝑧 𝐹 ) 

]
= − 𝑔, (13) 

 𝑛 

[
𝐽 𝐼 ( 𝑛, ̃𝑧 𝐼 ) 

]
= 0 (14) 

or formal and informal firms, respectively. 
Firms that enter the market face the break-even condition for starting

 new firm in sector 𝑠 which is 

𝑠 = 

1 
1 + 𝑟 

𝐸 𝑛 

[
𝐽 𝑠 ( 𝑛, 𝑧 0 

𝑠 
) 
]
. (15)

n a stationary equilibrium, firms that shut down operations are replaced
y the entry of new firms, which possess the initial productivity level of
 

0 
𝑠 
. 

.7. Stationary Equilibrium 

Individual states are 𝑥 𝐸 
𝑠 
= { 𝑎, ℎ, 𝜀 } for 𝑠 ∈ { 𝐹 , 𝐼} , 𝑥 𝑈 = { 𝑎, ℎ } and

 

𝑅 = { 𝑎 } for the employed, unemployed, and retirees, respectively. Let
he state space of three types of individuals be denoted as 𝕏 

𝐸 
𝑠 

, 𝕏 

𝑈 and
 

𝑅 , and the entire state space of all individuals as 𝕏 with 𝑋 ∈ 𝕏 being
he general state vector of an individual including the employment and
etirement state 𝑁 ∈ { 𝐸, 𝑈, 𝑅 } . 

The equilibrium is given by allocation functions of individuals in
ach state; labor income and consumption tax rates; layoff cost; a set of
alue functions { 𝑉 𝑠 ( 𝑥 𝐸 𝑠 

)} 
𝑥 𝐸 𝑠 ∈𝕏 𝐸 𝑠 

, { 𝑈 ( 𝑥 𝑈 )} 𝑥 𝑈 ∈𝕏 𝑈 and { 𝑅 ( 𝑥 𝑅 )} 𝑥 𝑅 ∈𝕏 𝑅 ; and

istribution of individuals over the state space given by 𝑚 ( 𝑋) , such that
8 Note that firms optimally choose capital at a level where the marginal prod- 
ct is equated with the interest rate. The wage rate is determined to satisfy the 
ree entry condition of firms, as explained in section 2.2 , and not necessarily 
qual to the marginal product of labor for each job. 

e

p
d
H
r

5 
1) individuals solve the problem described in section 2.5 and optimally
hoose consumption, wealth and labor supply, (2) firms solve the prob-
em described in section 2.6 and optimally make entry and exit decisions
nd choose the level of capital used in production, and (3) the market
age 𝑤 𝑠 clears the labor market in sector 𝑠 : 

∑
𝑥 𝐸 𝑠 

Ψ𝐸 
𝑠 
( 𝑥 𝐸 

𝑠 
) = 

∑
𝑧 Ψ𝐹 

𝑠 
( 𝑧 ) ,

here Ψ𝐸 
𝑠 
( 𝑥 𝐸 

𝑠 
) denotes the measure of employed workers in state 𝑥 𝐸 

𝑠 

nd Ψ𝐹 
𝑠 
( 𝑧 ) denotes the measure of firms operating with productivity 𝑧

n sector 𝑠 . 

. Calibration 

This section presents the parametrization of the model. The fre-
uency of the model is quarterly. As we discuss in more detail below,
e use different micro databases to calibrate parameters related to the

abor market and asset holdings as well as various macroeconomic and
scal data to calibrate other parameters. 

Micro data used in the paper, which runs from 2000 to 2010, is ob-
ained from the Mexican Statistics and Geography National Institute (IN-
GI). Employment related data, including unemployment rate, worker
ows, and wages is obtained from the National Urban Employment Sur-
ey (ENEU) and its revised version, the National Employment and Oc-
upational Survey (ENOE). Data on assets is drawn from the National
ousehold Income and Expenditures Survey (ENIGH). Inflation and in-

erest rates are taken from the Bank of Mexico. 9 The annual interest
ate is set at 4%, the short-term nominal government funding rate as re-
orted by the Bank of Mexico adjusted by the CPI inflation rate during
he same period. 10 Calibrated parameters of the model are summarized
n Tables 2 and 3 . 

.1. Demographics 

We set the probability of retirement 𝜌 = 1∕45 on an annual basis, so
hat individuals remain in the labor force for 45 years on average, close
o the average years of employment among individuals in the ENEU and
NOE data. 11 The death probabilities are 𝛿𝑤 = 0 . 0050 and 𝛿𝑟 = 0 . 061 on
n annual basis for working-age individuals and retirees, respectively,
ased on the estimates of death probabilities by age reported by the
ational Population Council of Mexico in 2010. 12 

The population is constant and newborns replace those who die and
eave the model in each period. We assume that newborns enter the
conomy with no assets and as unemployed. 13 We abstract from inter-
enerational linkage through bequest motives and transfers, and assume
hat accidental bequests are confiscated by the government ( “thrown
nto the ocean ”). We assume that individuals can accumulate riskless
avings for precautionary and life-cycle/retirement purposes but they

14 
xtremely small, but positive to avoid a computational problem. 
14 The level of household debt in Mexico is very low, at just a few percentage 
oints of GDP. See, for example, studies by the IMF and BIS of household 
ebt across different countries. https://www.imf.org/external/datamapper/ 
H_LS@GDD/MEX/USA/DEU/JPN/CAN https://www.bis.org/publ/qtrpdf/ 

_qt1712f.pdf . 

http://www.banxico.org.mx
https://www.imf.org/external/datamapper/HH_LS@GDD/MEX/USA/DEU/JPN/CAN
https://www.bis.org/publ/qtrpdf/r_qt1712f.pdf
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Table 1 

Jointly calibrated parameters and target moments. 

Parameter description and values Target moments and values 

Work disutility 𝐵 𝐹 0.944 Flow rate from F to U 1.9% 

Work disutility 𝐵 𝐼 0.890 Flow rate from I to U 3.5% 

Prob of job offers (emp) 𝜋𝐸 
𝐼 

0.300 Flow rate from F to I 9.5% 

Prob of job offers (emp) 𝜋𝐸 
𝐹 

0.231 Flow rate from I to F 13.3% 

Prob of job offers (unemp) 𝜋𝑈 
𝐹 

0.457 Average unemployment rate 3.7% 

Prob of job offers (unemp) 𝜋𝑈 
𝐼 

0.826 % of jobs that are formal 57% 

Prob of 𝑧 draw 𝑝 𝑧 
𝐹 

0.0256 Separation due to layoff in F 1.22% 

Prob of 𝑧 draw 𝑝 𝑧 
𝐼 

0.0466 Separation due to layoff in I 2.32% 

Firm productivity scale 𝑧 0.184 Average earnings (normalization) 1.0 

Cost of informal firms 𝜙 0.147 Wage ratio 𝑤 𝐹 ∕ 𝑤 𝐼 1.235 

Discount factor 𝛽 (annual) 0.901 Avg asset-earnings ratio (annual) 1.2 

Table 2 

Functional forms and parameters (1): individuals. 

Param. Description Value/Target 

Demographics 

𝛿𝑤 Death probability (working age) 0.0050 (annual) 

𝛿𝑟 Death probability (retirees) 0.0613 (annual) 

𝜌 Retirement probability 1/45 (annual) 

Preferences 

𝑢 ( 𝑐 ) Consumption utility log ( 𝑐 ) 
𝐵 𝑠 Disutility of work in sec. 𝑠 Separation rate from sector 𝑠 to 𝑈

𝛽 Discount factor Avg. wealth to earnings at retirement 

Human capital 

𝐻 

𝐸 ( ℎ, ℎ ′) Markov transition (employed) Growth of wages over life-cycle 

𝐻 

𝑈 ( ℎ, ℎ ′) Markov transition (unemployed) Estimates of skill depreciation in the U.S. 

Job offers 

𝜋𝐸 
𝑠 

Prob. of offer from sec. 𝑠 while employed Transition prob. between sectors 

𝜋𝑈 
𝑠 

Prob. of offer from sec. 𝑠 while unemployed Job finding rates in sector 𝑠 

Idiosyncratic productivity 

Γ𝑠 ( 𝜀, 𝜀 ′) Markov transition AR(1) estimates for sector 𝑠 ∈ { 𝐹 , 𝐼} 
𝑟 Interest rate 4% 

Table 3 

Functional forms and parameters (2): firms, production, and government. 

Param. Description Value/Target 

Firms’ productivity 

𝑝 𝑧 
𝑠 

Prob. of drawing new 𝑧 in sec. 𝑠 Lay-offs in sector 𝑠 

𝑧 Scale of productivity 𝑧 Normalization 

Production function 

𝛼 Share of capital 0.4 

𝛿𝑘 Depreciation of capital 0.06 

𝜙 Cost of operating in informal sec. 0.147, relative wage 𝑤 1 ∕ 𝑤 2 = 1 . 235 
𝜇𝑠 Cost of opening job in sec. 𝑠 50% of monthly earnings in 𝑠 

𝑔 Firing cost in formal sec. 4 months of average earnings in formal sector 

Government: taxes 

𝜏𝑙 Labor income tax in formal sec. 15% 

𝜏𝑐 Consumption tax 15% 
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.2. Labor Market Dynamics and Asset Holdings 

To obtain employment statistics we concatenate the quarterly panels
f ENEU from the first quarter of 2000 to the fourth quarter of 2004 with
hose of ENOE from the first quarter of 2005 to the fourth quarter of
010. Both ENEU and ENOE are quarterly household surveys that track
orkers for five quarters, and provide detailed information on labor
arket participation, wages, work hours and other relevant variables.
NEU covered 48 major metropolitan areas, 15 and was redesigned and
enamed ENOE in 2005, extending the interviews to rural areas. For
he purpose of obtaining labor market data, we restrict our sample to
orkers between the ages of 16 and 65. 
15 16 cities were dropped for the survey of 2004, reducing the number of sur- 
eyed metropolitan areas to 32 from that year and into ENOE. 

d
a

6 
We divide employed workers into two categories, formal and infor-
al, and classify them on the basis of compliance with labor legislation,

ollowing the definition of informality by the International Labor Or-
anization (ILO). In particular, we use the lack of contributions by the
mployer to the social security agency, IMSS (or the equivalent for civil
ervants, IMSTS), as the distinguishing characteristic defining informal
mployment. 16 

Worker Flows: 

We follow the matching method used in Shimer (2012) to construct
orker flow data. Given the survey structure of ENEU and ENOE that

rack workers for five quarters, 80 percent of the households interviewed
n any given quarter are interviewed again in the following survey. This
16 We exclude self-employed individuals from our samples since our model 
oes not capture the decisions to start self-owned business and to hire workers 
nd rent capital for their own firms. 
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o  

a  

e  
llows us to match individual records over two consecutive quarters,
nd record workers’ transitions among the three states of employment:
mployed in formality ( 𝐹 ), informality ( 𝐼), and unemployed ( 𝑈), and
btain nine types of transitions across three employment states. 17 We
lassify a worker as employed, formally or informally, if he/she also
eports to have worked at least 1 hour per week. 

Letting Ω𝑖𝑡 be the sample weight of worker 𝑖 at quarter 𝑡 in the sam-
le, and Λ𝑋𝑌 

𝑡 
the number of workers who move from state 𝑋 ∈ { 𝐹 , 𝐼, 𝑈}

o state 𝑌 ∈ { 𝐹 , 𝐼, 𝑈} in quarter 𝑡 , the gross flow from state 𝑋 to 𝑌 is
iven by ΓXY 

𝑡 
= 

∑
𝑖 ∈ΛXY 

𝑡 
Ωit . The total number of workers in a particular

tate 𝑋 ∈ { 𝐹 , 𝐼, 𝑈} is computed as 𝑋 𝑡 = 

∑
𝑌 ∈{ 𝐸,𝑈,𝐼} ΓXY 

𝑡 
. The transition

robability from state 𝑋 to 𝑌 is derived as 𝑝 XY 
𝑡 

= 

ΓXY 
𝑡 

𝑋 𝑡 
. 

The unemployment rate is calculated as 𝑢 𝑡 = 

𝑈 𝑡 

𝐹 𝑡 + 𝐼 𝑡 + 𝑈 𝑡 
and the share

f formal employment among total employment is given as 𝐹 𝑡 

𝐹 𝑡 + 𝐼 𝑡 
. 

The ENEU and ENOE surveys contain a question related to the rea-
ons why unemployed workers separated from their previous employer.
e use this information to calculate the fraction of separations which

re due to quits and lay-offs. 
Wage Dynamics: 

Data for nominal wages is obtained using variables on weekly labor
arnings and hours worked in the ENEU and ENOE surveys. Real wages
re calculated deflating wages by the Mexican CPI index. Given individ-
al data for real hourly wages in two consecutive quarters we estimate
he AR(1) process of log wages in the formal and informal sectors. We
ontrol for age and education of individuals, and use year dummies to
ontrol for macroeconomic changes. 

The wage premium for the formal sector, defined as 𝑤 𝐹 
𝑤 𝐼 

, is calculated

egressing real log wages on a formal sector dummy, and controlling for
ge and education of the individuals. 

Asset Holdings: 

Asset data for Mexico is not readily available and we rely on the
xpenditures and capital earnings data reported in ENIGH to infer the
sset profile. This survey, which is conducted every two years, records
xpenditures and earnings for households across the country. We use
he surveys from 2000 to 2010 and convert the nominal values into real
y using the CPI index. 

Given the available data from ENIGH, we calculate the assets of in-
ividuals as the sum of residential and financial assets. The value of
ousing assets owned by an individual is not available as such. How-
ver, ENIGH contains a question about the market rent equivalence for
 residence owned by the household. We use information on rent-to-
alue ratio for Mexico 18 to infer the value of the house. 19 As to the
nancial assets, we compute the values using reported data on capital

ncome from different types of assets. These include, but are not limited
17 Remaining in formal ( 𝐹 𝐹 ), moving from formal to informal ( 𝐹 𝐼), from for- 
al to unemployment ( 𝐹 𝑈), 𝐼𝐹 , 𝐼 𝐼 , 𝐼 𝑈 , 𝑈 𝐹 , 𝑈 𝐼 and 𝑈 𝑈 . 

18 According to real state agency Numbeo.com, the annual rent-to- 
alue ratio in Mexico is 15. http://www.numbeo.com/property-investment/ 
ankings_by_country.jsp 
19 While ENIGH contains information about whether the house is fully owned 
r mortgage payments are still being made, it does not report what fraction of 
he house is equity. However, only about 10% of residential units owned by 
ndividuals have outstanding mortgages. A recent study of the Bank of Mex- 
co reports that the loan-to-value ratio for new mortgages is 65-70 percent in 
009. In order to assess the impact of mortgages on the distribution of assets 
n Mexico, we tried calculating the value of residential assets using two differ- 
nt assumptions: (i) assign only 35% of the house value for those units with 
utstanding mortgages, or (ii) ignore outstanding mortgages and assign the full 
alue of the house as residential assets. We find that the asset distribution does 
ot change very much across these two assumptions. This may be due to the fact 
hat only 10% of houses have outstanding mortgages. We therefore assume that 
ndividuals own the whole value of the house and count it as their residential 
ssets. 
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7 
o, stocks, bonds, savings accounts, loans, and land. 20 Given the lack of
vailable data on the return of all different types of assets, we assume
hat on average they provide the same return as the 1-year bond issued
y the government. 21 Hence, we sum the value of all capital income
rom the different sources and use the interest rate for each year to infer
he value of the assets owned by individuals. 22 The ratio of the average
ssets to annual earnings among workers is 1.2 in 2000-2010. 

Joint Calibration in Equilibrium: 

We use the moments described above as targets in calibrating the
ollowing 11 parameters: 𝐵 𝑠 that represents disutility of work in each
ector 𝑠 , 𝜋𝐸 

𝑠 
that denotes probability of getting an offer from sector s

hile working on the other sector, 𝜋𝑈 
𝑠 

for the probability of receiving a
ob offer from sector 𝑠 while being unemployed, 𝑝 𝑧 

𝑠 
for the probability of

rms drawing a new productivity shock 𝑧 in sector 𝑠 , 𝑧 that represents
he scale of firms’ productivity, the cost of operating in the informal
ector 𝜙, and finally subjective discount factor 𝛽. We use the method of
elder and Mead (1965) to calibrate the 11 parameters using 11 targets
s summarized in Table 1 . 

.3. Human Capital and Idiosyncratic Productivity 

The transition matrix of human capital while employed 𝐻 

𝐸 ( ℎ, ℎ ′) is
alibrated to match the average growth rate of wages between ages 20
nd 50 at 2.7%, based on the ENEU and ENOE individual data. While un-
mployed, we assume that human capital depreciates at a constant rate.
ue to the lack of estimates based on Mexican data, we use estimates of

kill depreciations based on U.S. data, and set an annual depreciation
ate of 15%. The transition matrix 𝐻 

𝑈 ( ℎ, ℎ ′) is calibrated accordingly.
ee, Pavoni and Violante (2007) for a survey of estimates. We assume
hat the human capital lies in the range of [0, 10] and that newborns
nter the economy at the lowest level of human capital. 

The transition matrix of idiosyncratic labor productivity Λ𝑠 ( 𝜀, 𝜀 ′) in
ector 𝑠 is based on the AR(1) wage process estimated using the ENEU
nd ENOE individual panel data. Unemployed individuals who receive
 job offer make a draw of initial idiosyncratic productivity 𝜀 from the
tationary distribution of the productivity in each sector. 

.4. Firms 

Firing cost 𝑔 in the formal sector corresponds to 16 weeks (4 months)
f average earnings in the formal sector, based on a schedule of sever-
nce payments in Mexico according to tenure and average duration of
mployment in the formal sector. The amount of a severance payment
aries by tenure. According to estimates of the World Bank’s Doing Busi-
ess project, it is earnings of 14.6 weeks for a worker with a tenure of
 year, 21.4 weeks for a 5-year tenure and 30.0 weeks for a 10-year
enure. 23 As stated before, there is no severance payment in the infor-
al sector. The entry cost 𝜇𝑠 is set at 50% of average monthly earnings in

ach sector. In the Cobb-Douglas production function, the capital share
s set at 0.4 and the annual depreciation rate is 6%. 
20 A full list of capital assets can be found in the documentation for the various 
ears of the survey. 
21 We obtain this rate from the Bank of Mexico website: http:// 
ww.banxico.org.mx 

22 Consistent with samples of the ENEU/ENOE surveys, we exclude self- 
mployed individuals in computation of the asset profile. We note that not all 
dults own a bank account in Mexico and some individuals, especially informal 
orkers may have difficulty making deposits at a financial institution. Accord- 

ng to the report, Encuesta Naciaonal de Inclusion Financiera (ENIF 2015), more 
han one half of adults do not own a bank account and a smaller fraction of them 

ave a formal job than those with a bank account. 
23 See http://www.doingbusiness.org/data/exploreeconomies/mexico for 
ore information on mandatory severance payments in Mexico. 

http://www.numbeo.com/property-investment/rankings_by_country.jsp
http://www.banxico.org.mx
http://www.doingbusiness.org/data/exploreeconomies/mexico
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Table 4 

Benchmark economy and labor market variables. 

Variables 

Unemployment rate ∗ 3.71% 

% of jobs that are formal ∗ 56.92% 

Avg. unemp. duration 3.56 months 

Avg. asset-earnings ratio (annual) ∗ 1.22 

Formal Informal 

Avg. earnings (annual) 1.0840 0.8880 

Wage rate (annual) 0.3772 0.3056 

Employment flows 

(1) remain in sector 88.59% 83.26% 

(2) flow to the other sector ∗ 9.52% 13.25% 

(3) flow to unemp. ∗ 1.89% 3.49% 

- quit 0.67% 1.17% 

- layoff∗ 1.22% 2.32% 

Hazard rate: from unemp. to I or F 30.67% 54.17% 

On-the-job offer prob. from the other sector 29.98% 23.09% 

Job offer prob. when unemployed 45.68% 82.57% 

∗ indicates a moment used as a calibration target. 
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Fig. 1. Distribution of Earnings Note : This figure shows the probability distribu- 
tion of earned income for formal and informal workers in the model. Earnings 
on the horizontal axis are normalized by the average earnings of all workers 
(average earnings = 1.0). 
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.5. Government 

The proportional labor income tax in the formal sector 𝜏𝑙 is set at
5%, which lies in the range of estimates of effective labor income taxes
n Mexico (Sarabia, 2005). 24 There is no tax imposed on labor earnings
n the informal sector. The consumption tax is set at 15%, the value-
dded tax rate in Mexico. 

. Numerical Results 

.1. Benchmark Model 

Table 4 shows key statistics of the benchmark economy and out-
omes of calibration. Marked with an asterisk are the variables used
s target moments in the calibration of parameters as discussed in
ection 3 . The unemployment rate is 3.7%, which matches the average
alue in Mexico from 2000 to 2010 based on the ENEU and ENOE data
nd the average duration of unemployment is about 3.5 months. 

The wage rate in the formal sector is about 23% higher than in the
nformal sector, as we targeted in the joint calibration of labor market
arameters. As shown in the middle part of the table, there is a high
egree of mobility across sectors and between employment and unem-
loyment. The mobility, however, is much higher among workers in the
nformal sector, who will exit the sector with probability 16.7% every
uarter, as opposed to 11.4% in the formal sector. Out of the 16.7%,
3.3% move to the formal sector and 3.5% unemployment. From the
ormal sector, 9.5% move to the informal sector and 1.9% to unemploy-
ent. Probabilities of quit and layoff are both higher in the informal

ector, but the difference is larger in the layoff probability due to firm-
nitiated job destruction, which stands at 2.3% in the informal sector,
bout twice as high as in the formal sector. 

As explained in section 3.2 , probabilities of receiving a job offer are
ot observed in the data and calibrated jointly with other parameters
hile using various realized flow rates as target moments. Unemployed

ndividuals are much more likely to receive an offer from the informal
ector, with probability 83% in each quarter period, than from the for-
al sector with probability 46%. Once on a job, formal workers face a
igher probability of receiving an offer from the other sector than infor-
al workers. Formal workers, however, are less likely to accept offers
24 We compute tax revenues in the benchmark economy and assume that they 
re used to cover government expenditures that are exogenous to the model. 
n experiments, we assume that the same amount of expenditures needs to be 
aised through taxes and compute the tax rate in equilibrium that would satisfy 
he budget constraints of the government. 

a

i
a

8 
hey receive and the intersectoral flow rate from formal to informal is
.5% while it is 13.3% the other way. 

Except when employed individuals are laid off by firms, all tran-
itions of workers across sectors and between employment and unem-
loyment are the result of individuals’ optimal employment decisions.
ormal jobs are associated with a higher wage and greater protection
ince employers must pay a severance payment to a worker that they
ay off. At the same time, however, workers are subject to labor income
ax on earnings only in the formal sector. Unemployed individuals who
ecide whether to accept a job in the formal sector versus informal sec-
or also take into account the difference in expected duration of a job in
ach sector, as well as the likelihood of transitioning to another sector
ater when a new job offer arrives while working on the job. Although
mployment in the informal sector is subject to a higher probability of
xogenous termination, they will receive an offer for a formal job about
nce in every four quarters, with probability 23.1% every period. 

We also emphasize that there is a significant overlap of both workers
nd firms across the formal and informal sectors. Our result that the two
ectors are not entirely segmented is consistent with empirical evidence
uch as Maloney (2004) , who demonstrates mobility of workers between
ormal and informal sectors and overlap of wages between the two in
atin American countries including Mexico. Meghir et al. (2015) use
razilian data and show that there is no clear segmentation and that
ormal and informal firms overlap for a very large range of productiv-
ty, although a lower end of productivity distribution is occupied by
nformal firms. 

Consistent with the data, workers in our model flow between formal
nd informal jobs as well as between employment and unemployment.
istribution of earned income of workers overlaps in the two sectors.
igure 1 plots the probability distributions of income earned by formal
nd informal workers and shows that they overlap over a wide range of
upport of earnings. 

Productivity of firms in our model also overlaps between the two sec-
ors. The average productivity of firms operating in the formal sector is
.115 with a standard deviation of 0.03, and the average productivity in
he informal sector is 0.098 with a standard deviation of 0.026. 25 Firms
verlap in a large range of productivities while there are more infor-
al firms at the lower end of the distribution, consistent with empirical

vidence. 26 
25 The productivity level also includes the costs incurred by informal firms 
ssociated with hiding from the government. 
26 Note that the Diamond-Mortensen-Pissarides framework that is employed 
n this and other papers focuses on dynamics of matches between one worker 
nd one firm. For recent studies that explore firms’ decision in both extensive 
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Table 5 

Unemployment insurance: financed by consumption taxes. 

UI duration 0m 6m 24m 

Unemp. rate 3.71% 3.84% 4.12% 

Formal share 56.93% 56.63% 54.73% 

Avg. unemp. duration (months) 3.56 3.65 4.06 

Hazard rates 84.84% 83.19% 78.42% 

- U to F 30.67% 28.25% 22.83% 

- no benefits - 30.58% 30.96% 

- with benefits - 18.68% 3.70% 

- U to I 54.17% 54.94% 55.59% 

Job separation rates 

- F to U 1.89% 1.89% 1.76% 

- I to U 3.49% 3.61% 3.80% 

Intersectoral flow rates 

- F to I 9.52% 9.51% 9.52% 

- I to F 13.25% 13.18% 12.31% 

- no benefits - 13.25% 13.27% 

- with benefits - 7.49% 1.74% 

UI recipients (% of labor force) - 1.26% 4.86% 

- Unemployed (% of all UI) - 59.87% 25.34% 

- Informal workers (% of all UI) - 40.13% 74.66% 

Aggregate savings - + 0.77% + 2.17% 

Aggregate consumption - - 0.13% - 1.99% 

Consumption tax 15.00% 15.71% 18.78% 

Welfare effect - - 0.01% - 0.74% 

s

𝑎

𝑎

w  

a

𝑈

 

s

𝑎

𝑎

 

d  

T  

3  

4  

o  

d  

l  

a  

a  

 

t  
In terms of the saving of individuals, although we do not explicitly
arget heterogeneity in assets between the employed and unemployed,
he model generates a large difference in wealth level between them.
he average savings of the employed are 46,400 pesos and those of
he unemployed are 25,500 pesos in our model. The asset holdings that
e imputed from the ENIGH data following the method described in

ection 3.2 are 40,400 and 15,700 pesos, respectively. Our figure for
he unemployed is higher than for the data, but the model performs
ecently well in accounting for the large difference in savings. Although
he unemployed in our model own much less than the employed, they
re highly attached to the labor force and quickly return to work, with
n average duration of less than 4 months, but some in the data may be
nemployed longer for reasons we do not have in our model. 27 

.2. Unemployment Insurance 

In the benchmark economy, there is no unemployment insurance
hat helps alleviate shocks to incomes from exogenous job separations.
n this section, we introduce unemployment insurance to the benchmark
odel. We assume that the government will provide benefits, which re-
lace 50% of previous earnings 𝜀ℎ𝑤 𝐹 of formal workers over a given
aximum duration. 28 These benefits are paid to unemployed individ-
als only when they are separated from a job exogenously due to job
estruction initiated by firms. Workers are not entitled to benefits if
hey quit the job. 

An economy with dual markets poses a challenge that is not present
n single-sector models. The government is unable to identify market
ctivities and wages earned in the informal sector. Therefore, we as-
ume that, first, only those individuals who are laid off from a job in the
ormal sector are entitled to benefits, and second, individuals are able
o “hide ” and continue to receive benefits even after they accept a job
n the informal sector as long as they have been unemployed for less
han maximum duration of insurance and do not switch to a job in the
ormal sector. We consider the maximum benefit duration of 6 and 24
onths as alternative scenarios. In the computation, we let the benefit

xpire with given probability each period so that the payment contin-
es for 6 (or 24) months on average. We make the assumption that the
nemployment insurance will lapse stochastically to economize on the
omputational time. As we discussed in section 4.4 , we let the consump-
ion tax adjust so that the government budget is balanced. 

The introduction of unemployment insurance requires an additional
tate variable b , which captures the amount of benefits that an unem-
loyed or informal worker is entitled to. Note that the benefits are tied
o earnings prior to job separation and do not necessarily reflect the
age that the unemployed individual would receive once finding and
ccepting a job offer. The value functions and individual problems in
he economy with unemployment insurance are presented below. For
onciseness, we do not show value functions of the employed in the for-
al and informal sector separately, but instead display it as 𝑉 𝑠 ( 𝑎, ℎ, 𝜀, 𝑏 )

nd denote as 𝜋𝐸 
𝑠̃ 

the probability of receiving an offer from the sector in
hich the worker is not currently employed. 

Employed Individuals: 

 𝑠 ( 𝑎, ℎ, 𝜀, 𝑏 ) = max 
𝑐,𝑎 ′

{
𝑢 ( 𝑐 ) − 𝐵 𝑠 + 𝛽𝑤 ( 1 − 𝜌) 

[
𝑞 𝑠 EU 

(
𝑎 ′, ℎ ′, 𝑏 ′

)

+ 
(
1 − 𝑞 𝑠 

)
𝜋𝐸 

𝑠̃ 
E max 

{
𝑉 𝑠 
(
𝑎 ′, ℎ ′, 𝜀 ′, 𝑏 ′

)
, 𝑉 𝑠̃ 

(
𝑎 ′, ℎ ′, ̃𝜀 ′, 𝑏 ′

)
, 𝑈 

(
𝑎 ′, ℎ ′, 𝑏 ′

)}

+ 
(
1 − 𝑞 𝑠 

)(
1 − 𝜋𝐸 

𝑠̃ 

)
E max 

{
𝑉 𝑠 
(
𝑎 ′, ℎ ′, 𝜀 ′, 𝑏 ′

)
, 𝑈 

(
𝑎 ′, ℎ ′, 𝑏 ′

)}]

+ 𝛽𝑤 𝜌𝑅 

(
𝑎 ′
)}

(16) 
nd intensive margins, see for example, Ulyssea (2018) and Haanwinckel and 
oares (2016) . 
27 For saving behavior of the unemployed in the context of the U.S. economy, 
ee, for example, Gruber (2001) . 
28 We chose to use a replacement rate of 50%, which is in the range of aver- 
ge gross replacement rates of public pensions in OECD countries. According to 
ECD Pension at a Glance (2019), the average gross replacement rate is 49.0%. 
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ubject to 

 

′ = (1 − 𝜏𝑙 ) 𝜀ℎ𝑤 𝑠 + (1 + 𝑟 ) 𝑎 + 𝑔 + 𝑏 − (1 + 𝜏𝑐 ) 𝑐 (17) 

 

′
≥ 0 

here 𝜏𝑙 is positive only if the worker is employed in the formal sector,
nd 𝑔 is non-zero only if he is fired from a formal job. 

Unemployed Individuals: 

 ( 𝑎, ℎ, 𝑏 ) = max 
𝑐,𝑎 ′

{ 

𝑢 ( 𝑐 ) + 𝛽𝑤 ( 1 − 𝜌) 
[

+ 𝜋𝑈 
𝐹 

𝜋𝑈 
𝐼 

E max 
{
𝑉 𝐹 

(
𝑎 ′, ℎ ′, 𝜀 𝐹 , 0 

)
, 𝑉 𝐼 

(
𝑎 ′, ℎ ′, 𝜀 𝐼 , 𝑏 

′), 𝑈 

(
𝑎 ′, ℎ ′, 𝑏 ′

)}

+ 

∑
𝑠 ∈{ 𝐹 ,𝐼 } 

𝜋𝑈 
𝑠 

E max 
{
𝑉 𝑠 
(
𝑎 ′, ℎ ′, 𝜀 𝑠 , 𝑏 

′), 𝑈 

(
𝑎 ′, ℎ ′, 𝑏 ′

)}

+ 

(
1 − 𝜋𝑈 

𝐹 

)(
1 − 𝜋𝑈 

𝐼 

)
EU 

(
𝑎 ′, ℎ ′, 𝑏 ′

)]

+ 𝛽𝑤 𝜌𝑅 

(
𝑎 ′
)}

(18)

ubject to 

 

′ = (1 + 𝑟 ) 𝑎 + 𝑏 − (1 + 𝜏𝑐 ) 𝑐 (19) 

 

′
≥ 0 

As shown in Table 5 , unemployment insurance increases the average
uration of unemployment and the number of unemployed individuals.
he unemployment rate rises from 3.71% in the benchmark model to
.84% when 6-month unemployment insurance is introduced, and to
.12% as the maximum duration increases to 2 years. The second section
f the table shows that the decline in the hazard rates is driven by a large
rop in the flows from unemployment to formal employment. There is
ittle change in the outflow into the informal sector since workers are
ble to keep these benefits while making earnings in the informal sector
nd there is no work disincentive associated with the insurance benefits.

We also highlight the finding that with unemployment insurance,
he share of formal employment drops from 56.93% in the benchmark
conomy to 56.63% and 54.73% in the two scenarios. The drop in for-
ality may be surprising given some of the debates that have taken place

n countries such as Mexico, where the introduction of unemployment
nsurance is seen as a way to fight informality and provide incentives
or workers to move into the formal sector ( Anton et al., 2013 ). Our
imulations suggest that the benefit of additional insurance with formal
obs is not large enough to raise the size of the formal sector and that
he opposite change could happen. Given the relatively small chance
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Table 6 

Unemployment insurance: financed by labor income taxes. 

UI maximum duration 0m 6m 12m 

Unemp. rate 3.71% 3.77% 3.92% 

Formal share 56.93% 56.45% 54.94% 

Avg. unemp. duration (months) 3.56 3.61 3.72 

Hazard rates 84.84% 83.88% 82.21% 

- U to F 30.67% 28.10% 24.80% 

- U to I 54.17% 55.78% 57.41% 

Job separation rates 

- F to U 1.89% 1.88% 1.82% 

- I to U 3.49% 3.54% 3.69% 

UI recipients (% of labor force) - 1.26% 2.48% 

- Unemployed (% of all UI) - 59.61% 35.83% 

- Informal workers (% of all UI) - 40.39% 64.17% 

Aggregate savings - - 0.24% - 0.85% 

Aggregate consumption - - 0.31% - 1.27% 

Labor income tax 15.00% 16.25% 17.90% 

Welfare effect - - 0.09% - 0.37% 
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Table 7 

Severance payments: partial equilibrium (with fixed wage and layoff rates). 

Severance pay 0m 4m 12m 

Unemp. rate 3.75% 3.71% 3.83% 

Formal share 55.21% 56.93% 57.20% 

Hazard rates 84.91% 84.84% 82.61% 

- U to F 29.35% 30.67% 30.29% 

- U to I 55.56% 54.17% 52.32% 

Job separation rates 

- F to U 1.80% 1.89% 1.82% 

- I to U 3.64% 3.49% 3.63% 

Aggregate savings - 1.00% - + 3.47% 

Aggregate consumption - 1.84% - + 2.31% 

Consumption tax 15.63% 15.00% 14.77% 

Welfare effect - 0.69% - + 0.85% 

Table 8 

Severance payments: full equilibrium. 

Severance pay 0m 4m 12m 

Unemp. rate 3.71% 3.71% 3.76% 

Formal share 56.83% 56.93% 57.02% 

Hazard rates 85.31% 84.84% 83.03% 

- U to F 30.83% 30.67% 29.96% 

- U to I 54.48% 54.17% 53.07% 

Job separation rates 

- F to U 1.93% 1.89% 1.80% 

- I to U 3.48% 3.49% 3.56% 

Formal worker layoff rate ( 𝑞 𝐹 ) 1.27% 1.22% 1.13% 

Formal wage 𝑤 𝐹 rel. to bnch + 1.63% - - 2.97% 

Aggregate savings - 0.03% - + 1.77% 

Aggregate consumption - 0.54% - + 0.30% 

Consumption tax 15.20% 15.00% 15.23% 

Welfare effect - 0.21% - - 0.12% 
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f qualifying for benefits through layoffs, a positive effect on formal-
ty share is offset by the fact that benefits can still be collected while
orking informally, and many more workers choose to take a job in the

nformal sector until the expiration of benefits. 
The incentive effects of unemployment insurance are clearly iden-

ified by studying the flow rates from unemployment or informality to
ormality, conditional on being eligible to receive unemployment bene-
ts. As shown in Table 5 , when 6-month benefits are introduced, the
ow rate from unemployment to formality falls from 30.67% in the
enchmark to 28.25%, by just about 2.4 percentage points. However,
his seemingly small decline hides the massive heterogeneity between
hose without benefits, who move to formality with probability 30.58%
nd those receiving benefits, whose likelihood of moving to formality is
ess than 19%. The large difference is also observed in the intersectoral
ow rates from informality to formality between those with and without
enefits. 

The number of unemployment insurance recipients, as well as its
ecomposition by employment status, are reported in Table 5 . A large
umber of recipients are in fact employed in the informal sector. Fur-
hermore, when benefits are available for as long as two years, three
uarters of recipients have a job in the informal sector. 

Finally, as the anticipated duration of unemployment increases, in-
ividuals allocate more of their disposable income to savings than con-
umption. In addition, expenditures incurred by the government to fi-
ance the unemployment insurance program lead to a rise in consump-
ion tax rate, from 15% in the benchmark economy to 15.71% and
8.78%, respectively. The increase in consumption tax also contributes
o a decline in aggregate consumption. To quantify the welfare effects
f alternative policies, we compute the change in welfare as a percent-
ge adjustment of consumption given to the individual at every state in
he economy under an alternative policy so that a newborn individual
ill be just as well off as in the benchmark economy. Given the drop

n consumption, welfare deteriorates as the unemployment insurance is
ntroduced and becomes more generous, by 0.09% and 0.37% in con-
umption equivalence, as shown in the last row of Table 5 . 

Up until now, the results presented assumed that expenditures asso-
iated with unemployment insurance are financed by raising taxation on
onsumption. Table 6 presents the results of a simulation where unem-
loyment insurance policies are financed by labor income taxes, leav-
ng constant the consumption tax rate at the benchmark level of 15%.
ualitative results of unemployment insurance policy are similar to the
nes presented above. In particular, when unemployment insurance is
ntroduced and as the duration of benefits increases, we find that un-
mployment increases and formality drops, both of which are driven by
 sharp decline in the hazard rates into formality, and welfare deterio-
ates. However, we find quantitatively that labor income taxes are more
istortionary and have a greater impact on sectoral allocations and wel-
10 
are than in the case of financing the benefits with consumption taxes.
urthermore, when the duration of benefits increases up to two years,
he taxes necessary to finance the system start to explode and the formal
ector shrinks, rendering the system unsustainable. 

.3. Severance Payment 

In the benchmark model, firms in the formal sector are required to
ake a severance payment equivalent to the four-months average earn-

ngs upon dismissal of a worker. More generous severance payments
rovide workers with protection against income fluctuations associated
ith exogenous layoffs initiated by employers. Workers receive such
rotection also through unemployment insurance, but the two policies
iffer in two key aspects. For the severance payment, benefits are paid
y employers and in a one-time lump-sum fashion upon dismissal, but
he unemployment insurance is provided by the government, financed
hrough taxes. Benefits are paid conditionally on the worker remain-
ng unemployed or working but not in the formal sector. Both policies
rovide benefits only for workers dismissed in the formal sector. 

In order to understand the effects of the severance payment on in-
ividuals’ behavior and the responses of firms to the additional costs
f layoffs, we simulate the model with alternative levels of severance
ayments in two steps. First, we allow only individuals to respond and
eoptimize. We shut down the effects through the interaction between
ndividuals and firms by holding wage rates, 𝑤 𝑠 , and rates of job de-
truction initiated by firms, 𝑞 𝑠 , in each sector fixed at the benchmark
evels. Table 7 shows the results of these simulations. The partial equi-
ibrium analysis helps us identify the effects associated with a different
evel of severance payment on workers’ labor supply decisions. In the
econd step, we let firms respond to changes in the layoff cost and solve
or full equilibrium, in which the wage rates and job destruction rates
re determined in the market. These results are displayed in Table 8 . 
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Table 9 

Labor income and consumption taxes. 

Labor income tax 5.00% 15.00% 25.00% 

Consumption tax 19.59% 15.00% 17.65% 

Unemp. rate 3.26% 3.71% 4.32% 

Formal share 78.52% 56.93% 30.87% 

Hazard rates 84.49% 84.84% 84.27% 

- U to F 37.54% 30.67% 20.24% 

- U to I 46.95% 54.17% 64.03% 

Intersectoral flow rates 

- F to I 4.24% 9.52% 16.69% 

- I to F 17.75% 13.25% 7.51% 

Aggregate savings + 9.68% - - 7.29% 

Aggregate consumption + 6.10% - - 10.09% 

Welfare effect + 1.05% - - 3.05% 
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First, we will examine the partial equilibrium results reported in
able 7 . As the severance payment increases from 0 to 4 months of earn-

ngs as in the benchmark and to 12 months, risks associated with layoffs
ecline. This benefit, however, occurs only with jobs in the formal sec-
or. Unemployed individuals find a job offer from the formal sector with
he added insurance benefit more attractive relative to that of the infor-
al sector. The flow rate from unemployment to employment in the

nformal sector falls from 55.6% with no severance payment to 52.3%
hen the severance payment is raised to 12 months of earnings. The flow

ate from unemployment to formality shows little change, in a range be-
ween 29.4% and 30.7%. The decline in total hazard rates is partly due
o a rise in wealth since laid off workers receive a larger severance trans-
er payment. In the benchmark model, as discussed in section 4.1 , about
wo-thirds of the transitions from formal employment to unemployment
re due to exogenous layoffs. When all of these laid off workers receive
ransfers from firms, the wealth effect reduces the incentive to accept
ob offers. 

Welfare of individuals improves with the rise in severance payments,
s shown in the last row of the table. Since the experiments in Table 7 ig-
ore the cost of the additional transfers that firms bear with the increase
n firing costs, it is not surprising that individuals are better off as the
enerosity increases. 

Once we allow for full equilibrium, letting the market determine
ages and firms terminate jobs, a large response from firms is observed
s shown in Table 8 . In this case, a higher severance payment affects be-
avior of labor market agents in several additional ways. First, higher
rotection for formal workers implies a lower lay-off rate, which drops
rom 1.22% in the benchmark economy to 1.13% when severance pay-
ents are equivalent to 12 months of wages. Second, a higher firing

ost increases the cost of employing formal workers and the equilib-
ium wage rate falls by 3% as the severance payment rises from 4 to
2 months of earnings. Third, as already explained in the partial equi-
ibrium analysis, the more generous severance payment produces an in-
rease in the wealth of individuals (even after the drop in formal wages),
hich renders workers more selective about the jobs they take, reduc-

ng the hazard rate both into formality and informality, as the severance
ayment increases. Note, however, that the flow rate from unemploy-
ent to formality falls more sharply with the level of the severance
ayments in Table 8 than in Table 7 , reflecting the impact of a decline
n the wage rate. 

In general, the overall effect of layoff costs on unemployment de-
ends on the relative strength of the lower separation rate and the lower
ob finding rate. Ljungqvist (2002) and Kitao et al. (2017) show that a
igher layoff cost tends to decrease unemployment in a model with a
rictional labor market. Their results, however, are derived in a single
abor market. In the case of our dual economy calibrated to the Mexican
conomy, we find that the drop in the layoff rate is not enough to com-
ensate for the decline in the hazard rates into both sectors due to in-
reased wealth, and the increase in the separation rate from the informal
ector. The net effect is a small increase, not a decrease, in the unem-
loyment rate, from 3.71% in the benchmark economy to 3.76% when
he severance payment is 12 months of earnings. The welfare effects are
lso very small, on the order of 0.12% in consumption equivalence with
 severance payment of 12 months of earnings. 

.4. Tax Policy 

In this section, we analyze the effects of shifting the tax burden be-
ween consumption and earnings, and quantify their impact on labor
upply and sectoral allocations. In Mexico, consumption and labor in-
ome are the two major sources of the government’s revenues beside
il (OECD, 2019). Direct taxation alleviates the problem of tax evasion
nd enforcement, a serious issue in an economy with a large informal
ector. Anton et al. (2013) , for example, suggest the use of consumption
axes, rather than labor income taxes, to cover expenditures for social
nsurance programs. 
11 
Table 9 summarizes the simulation results under alternative labor
ncome tax rates. In each scenario, the consumption tax rate is adjusted
o that the government budget remains balanced. More precisely, in the
enchmark model, we had exogenously set the tax rates on labor income
nd consumption in the benchmark model at 15%, respectively. The
mount of revenues raised by these taxes in the benchmark economy
s kept fixed as exogenous government expenditures that need to be
nanced under alternative tax policies. As tax revenues go up or down
ith a change in both the tax rate and tax base, some component of the
overnment budget has to be adjusted to balance the budget. We let the
onsumption tax play the role of clearing the budget. 

As shown in Table 9 , unemployment rises as the labor income tax in-
reases. This is as expected given the effect of distortionary taxation on
ork incentives. The magnitude, however, of the change in unemploy-
ent is surprisingly small. The unemployment rate remains in a narrow

ange between 3.3% and 4.3% when the tax rate shifts from 5% to 25%.
Unlike in a single-sector model, changes in labor income taxes only

ffect net earnings in the formal one, since the government is unable to
apture earnings in the informal sector and the labor income of informal
orkers is tax free. As a result, after-tax wages in the formal sector be-

ome increasingly less attractive relative to those in the informal sector
s taxes rise. With high labor income taxation, the impact of the greater
isincentive to work among formal employees is partially offset by a
ise in the number of workers in the informal sector. This sectoral shift
s apparent in the sharp decline in the share of formal employment from
9% to 31% when the labor income tax rate rises from 5% to 25%. As
hown in Table 9 , the intersectoral flow rate from formal to informal
ector increases from about 4% to 17%. 

When the labor income tax is below the benchmark level of 15%,
ax revenues from labor income decline and the consumption tax has to
ncrease. This occurs despite the rise in the share of formal workers. An
ncrease in the labor tax induces a sharper drop in the share of formal
ector employment and reduces the labor income tax base, and the con-
umption tax has to rise to cover the given government expenditures. 

Higher levels of the labor income tax produce a drop in total earnings
f the individual. As explained above, higher taxes increase unemploy-
ent, which in turn reduces the time to accumulate human capital, and
akes workers face the risk of skill depreciation while out of work. In ad-
ition, the average efficiency units of informal workers decline sharply
ith a drop in the reservation wage, as informal jobs become relatively
ore attractive compared to formal ones that are subject to high labor

ncome taxes. As a result, a higher labor tax reduces disposable income
nd drives down both average savings and consumption. The latter is
lso hit by a rise in consumption taxes. As shown in Table 9 , aggregate
onsumption declines by about 10% when the labor income tax is raised
rom 15% to 25%. 

The rise in labor taxes from 15% to 25% would lead to a significant
elfare loss on the order of 3% in consumption equivalence, while in-
ividuals enjoy a welfare gain of 1% in consumption equivalence when
he labor income tax is reduced to 5%. 
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We simulated various labor market polices that affect labor partici-
ation and sectoral allocation of employment. To finance expenditures
f such policies, alternative financing methods may be considered to bal-
nce the government budget. As shown above, if a program is financed
y labor income taxation, a relative change in after-tax earnings can
ause a shift in the labor force between informal and formal sectors. A
ise in the labor tax, for example, can reduce the tax base, requiring a
urther rise in the tax rate and exacerbate distortions in sectoral allo-
ation. This is an unintended and undesirable consequence of a policy
oth economically and politically. For these reasons, we used consump-
ion tax as the principal way to balance the government budget in the
aseline simulations, although we also presented some results under an
lternative assumption that policy expenditures are financed by labor
ncome taxes. 

. Conclusion 

This paper builds a structural life-cycle model of equilibrium unem-
loyment with a dual economy and simulates different labor market and
scal policies. The model is calibrated to Mexico, where a majority of
orkers reside in the informal sector. Given that any government pol-

cy based on official work records in the formal sector fails to reach half
f the workforce, policies are shown to bring about consequences that
ould not emerge in single-sector models. 

Unemployment insurance is intended to help smooth consumption
nd possibly induce more workers to choose formality. The policy, how-
ver, is found to do the opposite. The unemployment rate rises with the
enerosity of benefits and the share of the formal sector declines. The un-
ntended outcome is driven by the inability of the government to detect
conomic activities in the informal sector, giving unemployed individ-
als incentives to accept informal jobs and continue to receive benefits.
uch effects are exacerbated if the benefits are financed by labor income
axes on formal workers rather than by consumption taxes. Severance
ayments do not create such a moral hazard problem in accepting for-
al job offers. However, the layoff costs imposed on firms in the formal

ector lead to a lower wage, making jobs in the formal sector less attrac-
ive than those in the informal sector. This effect offsets the lower layoff
robability in the formal sector and the net effect is a marginal increase
n the unemployment rate and deterioration of welfare. 

The decline in employment due to higher labor taxes is surprisingly
mall in our dual-sector economy. As the after-tax wage in the formal
ector declines, workers move to informal jobs that remain free of taxes,
eading to a decline in productivity and consumption at the aggregate
evel and a sizeable welfare loss of individuals. 

Our experiments also suggest that policies that would remove distor-
ions in the formal sector are most effective in encouraging workers to
ndertake a job in formality. Given the higher productivity and wages in
he formal sector, such shifts increase output of the economy, raise net
ncome of individuals, and enhance welfare. Consumption tax appears
o be a better choice than labor taxes when additional revenues must be
aised to cover expenditures. 

Recently, economists as well as policy makers in countries with a
arge informal sector are debating comprehensive reform of the social
nsurance system, including social security and health insurance pro-
rams. An obvious challenge, as highlighted in our study, is how to
dentify workers in the informal sector and provide necessary social in-
urance to the population without generating unintended disincentives.
ur framework as appropriately extended will serve as a basis for quan-

itative analysis of such policies and we leave these topics for our future
esearch. 
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