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Abstract

This paper contributes to the theoretical analysis of the informal sector through
the search and matching framework. Building upon the work of Albrecht, Navarro
and Vroman (2009), where the informal sector consists of unregulated self-
employment, | describe the search and matching equilibrium in an economy
with an informal sector where workers are risk neutral and the government is
able to see whether a worker is in the formal sector or in the informal one. In
this case, | solve the matching equilibrium by introducing three policies: unem-
ployment benefits, a formal lump sum tax, and a job creation subsidy. | ana-
lyze the effects of these policies on unemployment rates, formal employment
and informal employment. | show that these policies affect the incentives of
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workers insofar as joining the formal or informal sectors, changing the com-
position of these two types of workers in the labor market.

Key words: Labor market policies, search and matching, informal sector.
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Resumen

Este articulo contribuye al analisis tedrico de la informalidad con el enfoque de
los modelos de busqueda. Siguiendo como guia el trabajo de Albrecht, Nava-
rro y Vroman (2009), en el cual el sector informal esta constituido por aquellos
trabajadores cuenta propia que no tienen ninguna regulacion. En este articulo
se describe el equilibrio en un modelo de busqueda, con un sector informal,
donde los trabajadores son neutrales al riesgo y el gobierno observa cuando un
trabajador es formal e informal. Para este caso se resuelve el equilibrio usando
tres instrumentos de politica: el beneficio del desempleo, impuesto de suma fija
para los empleados formales y subsidio a la creacion de empleo. Se analiza el
efecto de estas politicas en |a tasa de desempleo, el empleo formal y el empleo
informal. Finalmente se muestra como estas politicas afectan los incentivos
de los trabajadores a ser formales e informales, cambiando la composicion de
estos tipos de trabajadores en el mercado laboral.

Palabras clave: politicas de mercado laboral, modelos de busqueda, sector
informal.

Clasificacion JEL: J46, J65, J68.

Introduction

Informality is one of the major characteristics of developing economies. It is
an especially important phenomen in the case of Latin America, where infor-
mality levels range between 30% and 70% of the total non-rural employ-
ment. According to the Economic Commission for Latin America and the
Caribbean, ECLAC, informality levels in Latin American economies have been
increasing from an estimated 579% of total non-rural employment in 1990 to
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63.3% in 2005. The most recent data from 2009, given by the International
Labor Organization (ILO), shows that Colombia presents one the highest lev-
els of informality in the region (61.4% of non-rural employment), compared
to Brazil (42.3%), Mexico (54.3%), and Argentina (50%). Given the relevance
of this sector in the developing economies, the informal sector has become
one of the most important topics in the research agenda of the developing
countries. However, to understand how to reduce informality, we need to
understand the motivation that makes workers decide to be informal and how
governments can affect these decisions. In this way, even though this paper is
theoretical it may help to understand how specific government policies may
help to increase or reduce the level of informality in developing economies,
such as Colombia. In other words, the theoretical findings of this paper can
guide future empirical research on the impact of specific government poli-
cies on informality levels.

The paper aims to build a model that takes into account the informal labor
market, typical of developing countries, using the search and matching frame-
work. Such a model allowed me to analyze how three different policies, unem-
ployment benefits, a formal lump sum tax, and a job creation subsidy, affect
the levels of informality in the labor market. Through a search and matching
model, | would like to answer three questions. First, how do workers decide to
be employed in the formal or the informal sector? Second, what does equilib-
rium look like in economies with high levels of informality? Third, assuming
the search effort is observed, how do the three policies that | have mentioned
above affect the optimal decision of workers and the optimal decision of firms?
To answer these questions | have set up a model that builds upon the work of
Albrecht et al. (2009), where the informal sector consists of unregulated self-
employment. However, unlike Albrecht et al. (2009), in my model, | allow for
the transition of workers between the formal and the informal sectors.

Following Albrecht et al. (2009), | find that there are three type of workers in
the economy, those with high productivity who work only in the formal sec-
tor, whom | call “pure formal workers"; those with low productivity who work
only in the informal sector, whom | call "pure informal workers"; and those
with medium productivity who remain in informal employment while search-
ing for a formal job, whom | call "informal searchers”. Assuming the govern-
ment can observe when a worker is formal or informal, | explore the impact
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of three different labor market policies on informality: unemployment bene-
fits for those workers who are “pure formal”, a formal lump sum tax for those
workers who are formally employed, and a job creation subsidy. | show that
there is an equilibrium where the probability that a firm contacts a worker
will depend on the composition of workers in the economy, i.e. the proportion
between “"pure formal workers" and "informal searchers” in the labor market.
These policies affect the workers' incentives to join the formal or informal
sectors, changing the composition of these two types of workers in the labor
market (composition effect). In general, | show that an increase in the unem-
ployment benefit for those who are “pure formals” increases the incentive for
workers to become employed in the formal sector and reduces informal employ-
ment. An increase in the formal lump sum tax, on the other hand, increases
the incentive for workers to become informal and reduces the level of formal
employment. Finally, an increase in the job creation subsidy, also increases the
number of formal jobs in the economy, reducing unemployment and informal-
ity. These results are complementary to those of Charlot, Malherbet and Ulus
(2013) who found that a reasonable amount of unemployment compensation
(UC) may reduce informality, given that informal employment acts as an unof-
ficial insurance for workers.

Traditionally, the literature on labor informality has seen the informal sector
as disadvantaged and segmented consisting of young and low-skilled work-
ers that queue for better jobs in the formal sector.? However, in more recent
years, the empirical evidence from Latin American countries shows different
patterns. Maloney (1999, 2004), argues that the labor market for unskilled
workers may be well integrated with both the formal and the informal sec-
tors. Both sectors offer desirable jobs with distinct characteristics for workers
to choose from. From this perspective, the decision to work in the informal
sector is voluntary. According to Maloney (1999, 2004), there are a couple of
reasons why workers may chose the informal over the formal sector. First, the
informal sector may be the best choice given the limited implementation of
labor protection laws. A worker may prefer to evade payments such as social
security contributions or taxes by working in the informal sector, given the low
probability that he/she would receive any future benefits from them (imbalance
between taxes vs. benefits, see kugler and kugler (2009, p. 336). The second reason

2 See Harris and Todaro (1970), Satchi and Temple (2009), Zenou (2008), and Pagés and Stampini (2009)
among others.
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why the informal sector might be a favorite choice is its flexibility in terms of
work location and schedule, as well as the possibility for training, especially
for young and inexperienced workers.

Looking at the employment in the informal sector as a voluntary choice implies,
according to Maloney (2004), that: “Being in the informal sector is often the
optimal decision [for workers] given their preferences, the constraints they
face in terms of their level of human capital, and the level of formal sector
labor productivity in the country” (p. 1160).

From this perspective, workers that chose to work in the informal sector would
not necessarily be better off in the formal sector. To support this conclusion
Maloney (2004) and Fiess, Fugazza and Maloney (2010)° offered evidence for
Mexico and Brazil where at least 60% of workers in the informal sector reported
that they have entered the informal sector voluntarily. Amongst the main rea-
sons they cited for choosing the informal sector were greater independence,
flexibility and pay that the informal sector provided compared to the formal
one. To support the argument that employment in the informal sector can be
the optimal choice, Satchi and Temple (2009), used empirical data from Mexico
to show that workers in the informal sector dedicated a small fraction of their
time to looking for jobs in the formal sector, despite their continual mobility
between the informal and formal sectors.* In the case of Colombia, the evi-
dence is less clear; in some cases, the decision to be informal seemed to be a
voluntary choice, in other cases, the choice seemed to be due to a lack of better
opportunities, even though, in general, informal workers did not perceive their
occupation as being of lower quality (Bernal, 2009). Bernal also observed that
although informal workers seemed to earn less than formal ones, this did not
seem to be an important factor when deciding to leave a job in the informal
sector. In short, there is considerable evidence that in developing countries

3 These authors developed a flexible model using the standard macroeconomic framework of Obstfeld,
Rogoff and Wren-Lewis (1996), with two sectors: the formal sector, characterized as a tradable sector
with wage rigidities, and the informal sector characterized as a non-tradable sector with liquidity
constrains. Using an econometric technique (multivariate co-integration), the authors test their model
for Argentina, Brazil, Colombia and Mexico. They find numerous episodes where both sectors, formal
and informal, appear as one integrated labour market.

4 To see more references about the evidence of high levels of mobility between the informal and formal
sector see Maloney (1999), Bosch, Pacchioni and Maloney (2007), Bosch and Maloney (2007), Pagés
and Stampini (2009) among others.

DESARRO. SOC. No. 75, BOGOTA, PRIMER SEMESTRE DE 2015, PP. 51-99, ISSN 0120-3584

55



56

The Search and Matching Equilibrium in an Economy

such as Latin America, the decision to work in the informal sector is to a large
extent voluntary, as many workers choose to work in the informal instead of
the formal sector. Insofar as the decision to work in the informal rather than
the formal sector being voluntary, it is possible to analyze the level of infor-
mality using the search and matching model.

My analysis contributes to the existing literature on informality in two ways.
First, | extend the analysis of the informal sector in the search and matching
framework. | build a model with formal and informal sectors, where workers in
the formal sector are ex-ante heterogeneous. Following Albrecht et al. (2009),
| assume that the informal sector consists of unregulated self-employment,
and that there is no cost to be informal. However, unlike Albrecht et al. (2009),
| allow for mobility between the informal and the formal labor sectors. This
allows me to analyze the "composition effect” in the formal labor market. My
second contribution is to analyze the effect of different policies in the labor
market viewing informality as a voluntary decision, which | show to have dif-
ferent policy implications as compared to the traditional point of view of infor-
mality as a segmented market. Assuming the search effort is observed, | include
three policies in my model: unemployment benefits for those who are "formal
workers", a formal lump sum tax for those who are formally employed and a
job creation subsidy. | analyze how each of these policies affects the optimal
decisions of workers and the optimal decisions of firms. Once | describe the
equilibrium, | show how these three labor market policies affect the unem-
ployment rate and the level of formal and informal employment. My results
are in accordance with a number of findings in the literature. | find that a
formal lump sum tax® increases the incentive for workers to join the informal
sector (as in Albrecht et al.,, 2009; Bosch, 2006; Boeri and Garibaldi, 2002;
and Zenou, 2008; among others). However, my findings regarding the effects
of unemployment benefits differ from those authors who view the informal
sector as a segmented labor market. In my model | find that unemployment
benefits increase incentives for workers to join the formal sector, therefore
decreasing informality. These results are different to those of Zenou (2008),
who finds that an increase of unemployment benefits decreases job creation
in the formal sector and increases informality. However, he assumes that the

5 These authors generally refer to a payroll tax, which has the same implications as lump sum tax paid
by the formal workers.
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decision to be informal is not voluntary, which is why the increase of unem-
ployment benefits has a different impact on the labor market.

This paper is organized in six sections. In the first section, | present an overview
of the most recent economic literature on informality. In the second section,
| set up my model including different labor market policies and | describe the
equilibrium solution. In the third section, | undertake a comparative analysis
of each of the three policies that | have included in my model. In the fourth
section, | carry out a numerical exercise that supports the comparative anal-
ysis conducted in the second section. Finally, in the last section, | summarize
the main conclusions of this paper.

. Literature Review

In recent years, many authors have focused their analysis on the effect of labor
market policies on the formal and informal sector. The literature on informal-
ity in the labor market can be divided into three broad groups according to
the perspective from which they study the informality. The first group ana-
lyzes the informal sector as a segmented labor market. The second group
analyzes the informal sector as an illegal activity (from the point of view of
firms) through which firms avoid paying taxes. Finally, a third group looks at
the informal labor market as the outcome of an optimal decision from the
perspective of the workers.

In general, the first group of studies models the informal sector as a segmented
labor market. This is the case with Satchi and Temple (2009) as well as with
Zenou (2008). In both cases, the informal sector is analyzed as a competi-
tive market (without frictions) and the formal sector with matching frictions.
Workers are assumed to be homogeneous and those who are in the informal
sector queue for a formal job. Satchi and Temple (2009) analyzed a general
equilibrium model with three sectors: urban formal, urban informal, and rural.
They find that in equilibrium, if workers do not find any formal offers they can
choose to work in the urban informal sector or work in the agricultural sec-
tor. In the model of Satchi and Temple (2009), workers in the informal sec-
tor queue for a job in the formal sector. According to them, the size of the
informal sector has important implications for the aggregated productivity.
From the same perspective Zenou (2008) also explores the implications of
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different policies such as unemployment benefits and employment subsides
in the formal sector. He finds that reducing the unemployment benefit, or the
entry cost of the firms in the formal sector reduces the size of the informal
sector. However, he assumes that formal workers would always be better off
being unemployed than working in the informal sector, which excludes vol-
untary transition from the formal to the informal sector.® In general, in order
to reduce informality, the major policy implication that views the informal
sector as a segmented labor market is to reduce the cost of providing formal
employment in the labor market.

A second group of researchers has analyzed informality in the labor mar-
ket from the perspective of the firms, as a tax evasion activity that could be
punished by the government. From this perspective, the tax evasion on part
of firms constitutes the major drive towards informality. This is the case for
Bosch (2006), Boeri and Garibaldi (2005), and Almeida and Carneiro (2011),
among others.” Bosch (2006) uses the framework of Mortensen and Pissarides
(1994) to develop a model where firms choose to offer a formal or informal
job, depending on the productivity of the match and the cost of formality. In
addition, the informal jobs are monitored by the government, which destroys
the match at a fixed exogenous rate. As a result, recessions or strict regula-
tions increase informality. Similarly Boeri and Garibaldi (2005) present a model
where shadow employment emerges in equilibrium as an endogenous response
to high taxes and requlation. Moreover, Aimeida and Carneiro (2011) and Mar-
jitand Kar (2012) find that stricter enforcement increases formal employment
and decreases informal employment. Thus, the major policy implications of this kind
of perspective relate to the costs of formality and enforcement. In this respect,
the perspective that looks at informality from the firm's perspective as a tax
evasion policy, is similar to the first approach that views informality as a seg-
mented labor market.

Finally, there is a third group of researchers that has viewed the informal sec-
tor as the outcome of a voluntary decision made by workers. This is the case
with Amaral and Quintin (2006), Kugler and Kugler (2009), Albrecht et al.

6 In this way, workers in the informal sector cannot search directly for a job in the formal sector but
must first be unemployed in the formal sector.

7 There is an extensive group of studies that focuses on the informal sector as an illegal activity from
the firm's point of view. See more references in Albrecht et al. (2009).
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(2009), and Charlot et al.(2013), among others. Amaral and Quintin (2006) use
a model with two sectors: formal and informal in a competitive labor market
and with two types of workers: skilled and unskilled. Assuming that agents can
self-finance part of their capital through savings or borrowing in the formal
sector, they find that the most talented agents, operating with more physical
capital, are self-selected into the formal sector, while the unskilled agents are
more likely to be informal. Following the idea of informality as a voluntary
decision by workers, Kugler and Kugler (2009) studied a model of efficiency
wages, including non-wage costs when minimun wage is binding. They found
that non-wage costs reduce formal employment when the tax burden is not
completely shifted to workers via lower wages.

Other researchers in the third group, such as Albrecht et al. (2009) extended
the search and matching model developed by Mortensen and Pissarides (1994)
to include an informal sector and a continuum of heterogeneous workers.
They characterized the informal sector as an unregulated self-employment
sector. The workers' decision to be in the informal or formal sector is deter-
mined by their relative level of productivity in each sector. As a consequence,
highly skilled workers are more likely to be found in the formal sector. The
authors assume that all workers have the option to go informal, but the most
productive ones find it more beneficial to work in the formal sector than the
less productive workers. However, Albrecht et al. (2009) assume that there
is no direct transition from the formal to the informal sector and vice versa.
Furthermore, they analyze how a policy change, such as severance and pay-
roll taxes can disqualify some workers from formal-sector employment, since
under such policies workers would accept informal-sector offers that they
would not have taken up otherwise.® Following Albrecht et al. (2009), Charlot
et al. (2013) use the search and matching framework to introduce the unem-
ployment compensation (UC) policy in countries with high informality. They
assume an economy with two sectors: the high-turnover sector and the low-
turnover one. In each sector, a worker can decide to be formal or informal.
Therefore differences in turnover rates induce differences in the incentives to
go formal or informal. The authors focus on the impact of UC on the intra-
sectorial allocation of labor.

8 Albrecht et al. (2009) analyse payroll taxes and severance taxes. In our case, the formal lump sum
tax can be seen as a payroll tax; however for tractability the severance taxes are not included in this
paper. Bosch (2006) who analysed the informality from the firm's point of view studied policies such
as hiring and firing costs.
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My work builds on the analysis of Albrecht et al. (2009). Therefore, it belongs
to the third perspective that views employment in the informal labor sector as
a voluntary decision. However, unlike Albrecht et al. (2009), and following Pis-
sarides (2000), | allow informal workers to search for a formal offer. This means
that | allow for the transition between the formal and the informal sectors. It
is in this context that | analyze three different labor market policies: unem-
ployment benefits, formal tax, and a job creation subsidy. My results support
the findings of Charlot et al. (2013) who found that a reasonable amount of
unemployment compensation (UC) may reduce informality.

Il. Model

This analysis considers only the steady state, where time is continuous and
workers are risk neutral with finite life. The assumption on risk neutrality implies
that workers do not care about smoothing consumption and simply consume
all their income in each period. Thus, workers maximize their expected util-
ity by maximizing their income. The rate of death is given by an exogenous
Poisson rate i, which is also the rate at which new workers are born. In other
words, the labor force in my model is constant and normalized to 1. The future
is discounted at the exogenous rate r. The labor market frictions are modeled
using a matching function, where search is random and wages are determined
by Nash bargaining.

There are two sectors in my model; a formal and an informal sector. Workers
in the formal sector are assumed to be ex-ante heterogeneous where their
productivity level x is distributed according to the exogenous cdf H(x) with
0 < x <1. When a worker is formally employed he will receive the wage w(x)
which is a function of his/her productivity level x. Following Albrecht et al.
(2009) | assume an informal sector that consists in unregulated self-employ-
ment, where there are no costs of being informal. All workers can decide to be
informal or unemployed depending on their level of productivity. If a worker
decides to be informal, he would receive an income flow w, which is the
same for all workers. If a worker decides to be unemployed, he will receive an
income flow z, which represents the value of leisure. In this model, | assume
that w, > z. Once a worker is unemployed, he receives opportunities to work
in the formal sector at an endogenous Poisson rate A, and when a worker
is informal, he/she receives opportunities to work in the formal sector at an
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endogenous Poisson rate 4,, where A, >4, and 4, and 4, are endogenized
using the matching function m(v,u°), where v refers to the number of vacan-
cies and u® refers to the number of workers who effectively search for a formal
job. The job destruction process is exogenous and is given only in the formal
sector at the rate .

As | show in the following sections, this economy is characterized by three
types of workers: Those with low productivity x < x, who only work in the
informal sector, whom [ call "pure informal workers". Those with medium pro-
ductivity x, < x < x, who work in the informal sector and accept job offers
from the formal sector, whom | call “informal searchers”, and finally those with
high productivity x > x, who prefer to be unemployed and only accept job
offers from the formal sector, that | call "pure formal workers". Let ¢ be the
observed search effort of employed workers in the informal sector, where ¢ is
0 <@ <. Let us define N as the number of workers who are “pure informal
workers”, NI.S as the number of workers who are “informal searchers” and N,
as the number of workers who are “pure formal workers”, where u,_denotes
the fraction of "informal searchers"” who are employed in the informal sector
while searching for a formal job and v, denotes the fraction of “pure formal
workers" who are unemployed. Then the number of effective workers searching
fora job is given by u® = N,u, + N, u, where N.u_ refers to the total number
of workers who are unemployed and searching full time for a formal job, and
¢ N, u, refers to the number of workers who are informally employed search-

ing for a formal job.

The matching process takes place between individual job vacancies and work-
ers who search for a job. The number of job matches is given by a matching
function: m(v,u°). | assume the matching function is increasing in v (number
of vacancies) and u¢, and that it is concave and homogeneous of degree one.
The arrival rate of formal job offers when a worker is unemployed is given by:

_mlv,u®)

pREELLE T (1)
u

% . :
Let 6 = — denote the tightness of the labor market. The arrival rate of get-

u
ting a formal job when a worker is informal is given by 4, = ¢A,.
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However, the arrival rate of filling a formal vacancy will depend on the num-
ber of workers searching for a formal job and the number of vacancies in the
market. Then the arrival rate of filling a formal job offer is:®

o ) _ (6} o
v 0

In this model, | analyze three policies: unemployment benefits, b, formal tax,
T.and the job creation subsidy, s. Assuming the government can observe those
workers who are formal and those who are informal,” | consider the unem-
ployment benefit for those who never take informal offers as an incentive for
workers to join the formal sector. When working in the formal sector, work-
ers should pay a formal tax, which for tractability | assume to be a lump sum
tax. On the other hand, informal workers do not pay taxes but neither do they
receive any benefits. Finally, | include a job creation subsidy as an incentive
for firms to create jobs, s. According to Coles (2008), this policy can be inter-
preted as a capital investment subsidy.

Let U(x) denote the value of being unemployed for a worker type x, W, (x) the
value of being formally employed for a worker type x and W,(x) the value of
being informally employed for a worker type x. The worker's value functions
are given by:

(r+wUx)=z+b+4, {max [U(x). W, (x)] - U(x)} (3)
(r+ wW,(x)=w(x)-T, + 6{max [U(x),W,(x)] - Wf(x)} (4)
(r + W,(x) = w, + A, {max [W, (x),W, (x)] - W, (x)} (5)

9 |assume that m(6) and a(6) satisfy the standard properties:
i) m(6) is increasing in 6,
i) a(6) is decreasing in 6,
iii) lim,_,m(0) =0 and lim,__m(6) = e

iv) lim,_,a(6) = e and lim, ,_a(6) =0

10 Florez (2014a) analyses the optimal policies when the government has no way of knowing which
workers are formal and informal.

DESARRO. SOC. No. 75, BOGOTA, PRIMER SEMESTRE DE 2015, PP. 51-99, ISSN 0120-3584



Luz Adriana Florez

Equation (3) implies that the opportunity cost of searching for a job while
unemployed (or the return of being unemployed discounted by the interest
rate r, and the death rate u) is equal to the income flow z+b while unem-
ployed, plus the capital gain attributable to searching for an acceptable job,
W, (x) —U(x), where an acceptable job implies that the value of being formally
employed exceeds the value of continuing the search, W, (x) > U(x). Equation
(4) implies that the opportunity cost of being employed in the formal sector
is equal to the current wage minus the formal tax, w(x)—T,, plus the capital
loss, max [U(x),W,(x)]—W,(x), attributable to the exogenous job destruction
shock, which arrives at the rate d. Finally, equation (5) implies that the oppor-
tunity cost of being informal and searching for a formal job is equal to the income
flow w, while being informal, plus the capital gain attributable to searching
for an acceptable job, W, (x) > W, (x).

Let J, denote the value of an unfilled formal vacancy and J,(x) the value of a
filled formal job with a worker type x, where c represents the cost of holding
an unfilled formal vacancy and w(x) the wage, which depends on the work-
er's productivity.

r), =—c+s+a{max[EJ,(x),J,]-J,} (6)
rl (x) = x =w(x)+ (0 + w){J, - J,(x)} 7)

Equation (6) implies that the return of holding a vacancy is equal to the capi-
tal gain when a firm fills the vacant job with a worker type x minus the net
cost to post a vacancy (cost to post a vacancy minus the subsidy). A positive
capital gain implies that the expected value of the filled vacancy exceeds
the value of continuing to hold the unfilled vacancy EJ,(x)> J,. Equation (7)
implies that the return of a filled job with a worker type x is equal to the out-
put flow x minus the wage w(x), plus the capital loss attributable to the exog-
enous shock destruction & and worker's death u. The free entry condition for
firms implies that J, =0.

When workers and firms meet the wage w(x) is determined by Nash bargain-
ing, where 3 is the worker's bargaining power, and max{U(x),W,(x)} and J,
are the threat points or disagreement’s payoff. The Nash bargaining problem
is given by:
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w(x) = argmax[W,(x) —max{U(X),W,.(x)}]ﬂ [Jf(x)—Ju]1_ﬁ (8)
The first order condition implies the following sharing rule:
(1= B[00~ max UL W ()] = B[4 ), ©

where the total surplus of the match is defined as the worker's surplus plus
the firm's surplus; i.e., S(x) = [Wf(x) —max{U(x),I/V,.(x)}] +[4,(x)-1,].

A. Worker's Strategy

First, | will describe the worker's strategy taking 8 as given. To do this, | need to
solve the bellman equations (3), (4), (5), (7) and the Nash bargaining equation
(9). There are three cases | consider. Case A refers to those workers who never
participate in the informal sector; | call them “pure formal workers". This case
implies that W.(x) < U(x) < W, (x). Case B refers to those workers who prefer
to remain informal while searching for a formal job offer; | call these workers
“informal searchers”. In this case, U(x) < W,(x) <W.(x). Finally, case C refers
to those workers who never participate in the formal sector, whom I call “pure
informal workers". Case C implies that U(x) < W, (x) < W,(x).

Proposition 1. The optimal worker's strategy given 0 is:

1) Workers with productivity x < x, only work in the informal sector, “pure
informal workers", where:

X, =w, +T, (10)

2) Workers with productivity x, < x < x,(0) keep working in the informal sector
and accept job offers from the formal sector, "informal searchers”, where:

_ w,(r+0+u+pA)—(z+b)r+o+u+pA,)+pT.(A,—41,)

Xz(e) ﬂuﬂ _’12)

(11)

3) Workers with productivity x > x, () stay unemployed and accept job offers
from the formal sector, “pure formal workers"

Proof. See proof in Appendix 1.
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B. Steady State Conditions

Assuming that the productivity distribution of the population is given by
the exogenous cdf H(x), with total population normalized at 1, | can define
N.(6) = H(x,) as the number of workers who are “pure informal workers”,
N..(6) = H(x,(0)) — H(x,) as the number of workers who are “informal search-
ers" and N,(0) =1—H(x,(0)) as the number of workers who are “pure formal
workers". Using these definitions | can solve for the steady state number of
“informal searchers” and "pure formal workers" given 6.

1. Steady State Conditions by Type of Workers Given 6

1) “informal searchers” with productivity x, < x < x,(6)

Let u_denote the fraction of “informal searchers” who are employed in the
informal sector while searching for a formal job; then the outflow from the infor-
mal sector equals the number of those who receive a formal offer: N (0)u, A,
plus those who die, N, (6)u, . On the other hand, the inflow into the informal
sector is given by those who lose their job in the formal sector: N, (6)(1—u,)o,
plus those who are born, N, (6)u. In the steady state, the inflow and outflow
from the informal sector should be equal, then:

O+ u

= (12)
O0+pA, +u

is

2) "pure formal workers" with productivity x > x,(6)

Let u, denote the fraction of “pure formal workers” who are unemployed,;
then the outflow from unemployment is given by those who receive a formal
offer: N.(6)u,4,, plus those who die N, (0)u,u. On the other hand, the inflow
into unemployment is given by those who lose their job in the formal sector:
N, (0)(1—u,)o, plus those who are born: N.(0)u. In the steady state, these
two flows should be equal, hence:

O+ u

=— 13
a O+, +u (13)

Notice that in the steady state the rate of "informal searchers” who are
employed in the informal sector while searching for a formal job, is higher
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than the rate of "pure formal workers" who are unemployed, u, > u,, given
that ¢ < 1.

2. Steady State Probability Distribution Given 6

Let G.(x) define the cumulative probability distribution for those “informal
searchers” with x, < x < x,(6) given by:

H(x)—H(x,)

800 = e @) —Hx)

(14)

and G;(x) define the cumulative probability distribution for those “pure for-
mal workers" with x > x,(6) given by:

H(x) —H(x,(6))

5= o)

(15)

Let F(x"/6) define the cumulative probability distribution that a contacted
worker has productivity x < x” conditional on 6. Using the total number of
workers who search effectively for a formal job, given by u® = N.u, + N, u,,
and the distribution of workers' type defined in equation (14) and equation
(15), | find F(x"/6).

Proposition 2. The cumulative probability that a contacted worker has pro-
ductivity x < x” conditional on 0 is given by:

For x" < x,(6)

’ O+ P, +u
R T P00+ 1)
m[1_H(X2(0]]+W[H(X2(0)_H(X1)]
For X" > x,(6)
_plo+u)
Fix' 16)= 2Pt i [Honio)-HLe g 0 1 a )= 0)]
_Otp M _
5+ﬂ.1+lu[1 H(Xz(e)]+5+(pl1+ﬂ[H(Xz(8) H(X1)]
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Assuming H(x) has a uniform distribution, | can show that for x"< x,(6),
IF(x" [ 6) IF(x"/ 6)
aXI ’
Moreover assuming ¢ <1, | can show that «, < «, given that the following

=k, and for x"> x,(6), = k, are constant probabilities.

condition is satisfied: ¢(0+ A, + u) <(0+ @A, + u). Figure 1 represents the

productivity distribution of a contacted worker.

Figure 1. Productivity Distribution of a Contacted Worker

A
dF(x/0)

\%

Source: Autor's calculation.

According to Pissarides (2000), there are two traditional externalities in the
search and matching models. There is a negative externality which is created
when firms enter the labor market, since they make it harder for other firms
to find workers (congestion externality). There is also a positive externality,
which is created when firms enter the labor market, since they increase the
probability that workers find employment (thick market externality). In this
model, | have an additional externality (composition externality). This exter-
nality refers to the fact that there are two types of workers in the labor mar-
ket, the “informal searchers" and the "pure formals", who use different search
effort when searching for a formal job. This is reflected in the productivity
distribution F(x”"/6). Thus, given that the economy is characterized by two
types of workers "formal searchers” and “pure formal workers" that search for
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a formal job with different search efforts, the search intensity in the economy
is lower than the efficient one."

C. Firm Strategy

The firm's strategy implies that the following three combined conditions should
be satisfied: free entry condition, the firm's optimal decision and the worker's
optimal decision given 6. Equation (6) below describes the optimal behavior
of a firm and using the free entry condition, J, = 0, the above condition can
be re-written as:

¢ = alf)EJ.(x) (16)

Equation (16) expresses the optimal condition for a firm to post a vacancy,
where the expected value of filling a vacancy, £J;(x), depends on the proportion
of workers that search for a formal job given 6. However, | already know that
given 6, workers with productivity x > x, are willing to search for a formal job.
Therefore, equation (16) can be written as: ¢ = a(@)LXJf(x)dF(x’/ 0).Taking into
account the productivity distribution of the workers that a firm will contact
given by Proposition (2), | find the following results.

Proposition 3. The optimal strategy for a firm to post a vacancy is given by:

Ixﬂﬂ)ﬁ—ﬁ)(x —(w, +T,))
5 (r+0+u+pi,)
J-f (1—ﬁ)(x—(z+Tf+b))dF
50 (r+0+u+pA,)

dF(x [ 0)+

c=al) (17)

(x/6)

11 Given that efficiency of the informal sector is beyond the scope of this paper, we do not present
the social planner solution in this model. However, Flérez (2014b) presents the efficiency solution in the
presence of informal sector and analyses which policies may be optimal to internalize this externality.
The author shows that the search intensity of the centralized market is not efficient.
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D. Equilibrium

1. Definition

A market equilibrium is given by the value of {6,u,,u
the following three conditions:

F(x [ 6)} that satisfies

is?

1) The worker's optimal strategy given by proposition (1),
2) The steady state conditions given by equation (12) and equation (13) and,

3) The firm's optimal strategy which is given by equation (17).

2. Existence

Using the above definition for market equilibrium, equation (17) determines
the equilibrium value for 6. Notice that the equilibrium exists if:

dF(x [ 6)+

rz<9)(1—[>’)(X—(W, +T,))

5 (r+0+u+pA,)

3(6) = a(6) (18)

J-? (1—ﬂ)(x—(z+Tf+b)dF(X/0)
50 (r+0+u+pi,)

is a continuous function of 6. Remember that F(x [ 6) and x,(0) depend on
the matching function m(6), which is increasing and continuous in 6. This
implies that both F(x/6) and EJ.(x) are continuous functions of 6. More-
over, assuming that /im,_,a(0) = +eo and lim,_,,_a(6) =0 it is easy to show
that lim,_,3(0) = +- and that lim,_, _<3(0) = 0. Given c—s > 0, then by the
intermediate-value theorem, there must exist a value 6°€[0,4<0) such that
J(0') =c—s, (see Figure 2).
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Figure 2. The Equilibrium Value of 6

Source: Autor's calculations.

lll. Comparative Statics

In this section, | analyze the effects of three labor market policies, unem-
ployment benefits, a job creation subsidy and a formal lump sum tax, in the
worker's and firms' decisions. | also explore the impact of these three policies
in the labor market tightness. In this section, assuming that the government
can observe when workers are "pure formals" or “informal searchers”, | show
that the effect of an increase in the unemployment benefits for those who
are "pure formals" increases the incentive for workers to become employed
in the formal sector, which produces a positive “composition externality". The
effect on job creation, given an increase in the unemployment benefit, will
depend on three effects: wage effect, “composition externality” and “conges-
tion externality”. In general, the negative direct effect in wages more than
compensates for the rest of the effects. Thus, job creation decreases, unem-
ployment increases and informality decreases. An increase in the formal lump
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sum tax, on the other hand, increases the incentive for workers to become
informal. In this case, the "composition externality” is negative. The effect on
job creation given an increase in the formal lump sum tax will depend on the
three effects: wage effect, “composition externality” and "congestion exter-
nality". In general, the negative effect upon the wage more than compensates
for the rest of the two effects. As a consequence, job creation decreases, and
given that there are more “pure informal workers" in the economy, informality
increases. Finally, an increase in the job creation subsidy s, does not imply any
“composition externality”, “congestion externality”, or wage effect. However, it
does imply an increase in the number of vacancies. As a consequence, "labor
market tightness" increases and the level of unemployment and informality
decreases. The numerical results of the next section confirm these conclusions.

A. Increasing the Unemployment Benefit b

Assuming 6 as given, an increase in the unemployment benefit b has a nega-
tive effect on x,(60), which given N,(6) =1—H(x,(6)), implies an increase in
the number of workers who are “pure formals".

ax,(60) __(r+<§+ﬂ+ﬁlz]
b PA,—4)

(19)

ON,(6) __aH,(0)) ax,(60) _

(20)
ab ax,(0) b

Furthermore, as the number of “pure informal workers" does not change, the num-

ber of “informal searchers"” decreases. Remember that N, (6) = H(x,(0)) —H(x,)
then, IN,(0) _ aH(x,(6)) 9x,(6)

: ab 0x,0) b _—
increase in the unemployment benefit increases the incentive for workers to

go formal and decreases the incentive for workers to go informal. Thus, for a
given @ an increase in the unemployment benefit will change the composition
of workers searching for a formal job, "composition externality”, increasing the
effective number of workers searching for a formal job, (WS).

< 0- The reason for this result is because an

aWs(0) __ 0+ u)(1—¢) dH(x,(0)) dx,(6) 0 21)
ab O+ A, +u0+pA, +u) ox,(0) ab
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Assuming that the cdf H(x) is uniform, the probability to contact a worker
of any type (“pure formal" or “informal searcher”) is lower than before the
change in the policy. Given the increase in the effective number of workers
searching for a formal job, this is the “congestion externality”. Figure 3 rep-
resents these results.

Figure 3. Change in dF(x [ 6) When the Unemployment Benefit Increases

N
dF(x/6)

—
X, X, ' (0) X (0) 7 X

Source: Autor's calculations.

On the other hand, a change in the unemployment benefit affects the expected
value of filling a vacancy, EJf(x). This change can be written as:

b ab

ij-i (1-B)(x—(z+T. +0b)
ab| IO  (r+0+u+pA,)

aEJf(X) d |:J‘X2(0] (1_ﬂ)(x _(W/ +Tf]) dF(X’le]:| + (22)

X, (r+o0+u+pAi,)

dF(x"/ 9)}

The first term of the RHS of equation (22) refers to the change in the expected
value of filling a vacancy with a worker who is an "informal searcher”. Using
the Leibniz's rule, | can express this term as:
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i x2(9)(1—ﬁ)(x—(w/ +Tf)) —
ab[L (r+0+u+pi,) Ki_ ”

_ (1-7) {(XZ(Q)—X1]|:(X2(9)_X1)%+%X—Z(O)K1:|}<0
(r+0+u+pi,) 2 96 a6

e, ax,(60)

Remember that b <0 and T< 0 (see Appendix 2). Given that the

probability of find?ng a worker of this type is low because of the “congestion
externality” and on average the "informal searchers” are less productive than
before the change in the policy given the “composition externality”, this term
is expected to decrease. In equation (23), | show that the expected value of
filling a vacancy with workers who are "informal searchers” decreases with
an increase in the unemployment benefits.

The second term of the RHS of equation (22), refers to the change in the
expected value of filling a vacancy with a "pure formal worker". As in the pre-
vious case using Leibniz's rule, | can express this term as:

if (1—ﬁ)(x—(z+Tf+b)K}= 04)
ab| O  (r+0+u+pr)
(1= x,0)x,
_ (1-8) (X = x,(0)(X + x,(0) = 2(z + T, +b)) 9k, <0
(r+o+u+pi,) 2 ab [~
_9x,(0) (x,(0) = (2 +T; +b))k,
ab

In this case, there are three effects when unemployment benefit increases:
the wage effect, the "composition externality” and the "congestion external-
ity". The first term in RHS of equation (24) refers to the direct effect on wages.
An increase in the unemployment benefits increases the worker's reservation
wage, which implies higher hiring wages (Pissarides, 2000). The other two
effects are indirect, given by the "composition” and "congestion” externalities.
The second term in RHS of equation (24) refers to the "congestion external-
ity". This effect is negative given that the probability to contact a "pure formal
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worker" is lower after the change in the policy (% < Oj. The third term

in RHS of equation (24) refers to the "composition externality". This effect is

positive given the increase in the number of “pure formal workers" searching
for a formal job, which are more productive than the “informal searchers",

(_8);2;0) < O). Therefore, the total effect on the expected value of filling a

vacancy with a "pure formal worker" is ambiguous and depends on which of
these three effects is stronger. In general we can expect that the direct effect
on wages more than compensate for the indirect effects.

If an increase in the unemployment benefits has a negative effect on the job

dEJ.(x)

creation <0, given by the direct effect in wages, the total number

of vacancies will decrease and, as a result, the "labor market tightness" will
decrease. However, given that there are fewer "informal workers" in the econ-
omy, the level of informality in the labor market will decrease. In fact in the
numerical exercise that | carry out later in this paper | find that an increase
in the unemployment benefits increases the unemployment rate, decreases
the “labor market tightness" (as has been suggested by Pissarides, 2000 and
Mortensen and Pissarides, 1999), and decreases informality.

B. Increasing the Formal Tax T

As in the previous case, assuming @ as given, an increase in the formal lump sum
tax T has a positive effect on x,(6) and x,, which given N(6) =1—H(x,(6)),
implies a decrease in the number of “pure formal workers". This also implies an

increase in the number of “pure informal workers”, N,(0) = H(x,). Assuming the

formal tax is a lump sum tax, | find that axz_T(G) =1and a—);
d 0

that the number of “informal searchers” does not change. ffaking into account

this result, for a given 6, an increase in the formal lump sum tax increases the
incentive for workers to be “pure informal workers" and reduces the effective
number of workers searching for a formal job, which means a negative “com-
position externality":

=1, which implies
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WS(6) _ (6+m) 9H(0) ax,(6) _ (25)
aT, O+, +u) ax,(0) T,

Assuming that the cdf H(x) is uniform, the probability to contact a worker of
any type (“informal searcher” or “pure formal”) is higher, given the decrease
in the number of workers searching for a formal job, which implies a positive
“congestion externality" Figure 4 presents these results.

Figure 4. Change in dF(x [6) When the Formal Lump Sum Tax Increases

A
dF(x/0)

S |

v

Source: Autor's calculations.

A change in the formal tax, on the other hand, affects the expected value of
filling a vacancy, EJ,(x), which implies:

ar. T,

0 | r (=B)x=(z+T; +b)
87}{]‘*2(‘” (r+0+u+pA) dF(x/O)}

9B (x) _ @ [J-xz(e)ﬂ—ﬁ)(x—(wl+Tf))dF(x/0)}+ (26)

5 (r+0+u+pi,)
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The first term of the RHS of equation (26) refers to the change in the expected
value of filling a vacancy with workers who are “informal searchers”. Using
the Leibniz rule and assuming H(x) is a uniform distribution, | can express

this term as:
9
a7,

__0-f [xO-xF o],
(r+0+u+pi,) 2 aT,

J-x2(91(1—ﬁ)(x —(w, +T,)) dF(X/Q):| =

X (r+0+u+pAi,) (27)

Notice that 9k >0 (See Appendix 2), as a consequence the expression in

.
equation (27) is positive. Remember that the number of “informal searchers”

does not change while the probability to meet them is higher than before the
change in the policy, which means there is a a positive “congestion external-
ity". Moreover, on average these “informal searchers” are more productive than
before the change in the policy (“composition externality”); hence, the expected
value of filling a vacancy with "informal searchers” increases.

The second term of the RHS of equation (26) refers to the change in the
expected value of filling a vacancy with "pure formal workers", which can be
expressed as:

9
Ty
(1-p)

(r+0+u+pAr)

J-? (1-B)x—=(z+T, +b)
50 (r+0+u+pA,)
—(x=(z+T. +b)k,
(X =%, (0))(X +x,(0) =2(z +T; +b)) 9k, r SO
2 aT,

dF(x"/ 0)} =
(28)

In this case, there are two effects when the lump sum tax increases. The wage
effect and the "congestion externality”. The first term refers to the direct effect
in wages. This direct effect is negative given that in the bargaining process
the formal lump sum tax is shared between workers and firms, which implies
higher hiring wages. The second term refers to the “congestion externality”.
This effect is positive given the increase in the probability of meeting such
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types of workers (“pure formal workers"). In this context, the net effect in the
expected value of filling a vacancy with a “pure formal worker" can be posi-
tive or negative. In general, we can expect that the negative effect in wages
will more than compensate for the “congestion externality” effect.

If the increase in the formal lump sum tax has a negative effect on job crea-

EJ.(x)

. d . . .
tion, p <0, given by the negative effect in wages, the total number of

vacanciesfwill decrease, (as reported in Pissarides, 2000)."? In this case, the
"labor market tightness" will fall. However, given that there are more “pure
informal workers" in the economy, the level of informality will increase. My
numerical exercise in the next section corroborates that the effect on the
“labor market tightness" is always negative, with an increase in the informality.

C. Increasing the Job Creation Subsidy s

As in the previous two policies, assuming 6 as given, an increase in the job
creation subsidy s does not affect the productivity level x,(0) and x,. This
implies that there are no “composition” or “congestion” externalities. More-
over, given that the job creation subsidy s does not affect the wage negotia-
tion, there is no wage effect. Hence, the reduction in the cost of posting a
vacancy increases the number of formal jobs in the economy. Given that the
number of workers searching for a formal job does not change, the effect on
the "labor market tightness" is always positive. Therefore, both the unemploy-
ment rate and the level of informality decrease (see Figure 5).

IV. Numerical Exercise

To find a numerical solution for the value of 9, | assume a uniform cdf for H(x)
with 0< x <1 and a Cobb-Douglas matching function m(@) = 46"*. More-
over, assuming x,(0) <1 and X =1, | can solve the integral in equation (17)
which implies:

12 Pissarides (2000) reported that: "employment subsidies, hiring subsidies, and the implicit tax subsidy,
increase job creation and reduce unemployment; firing taxes, unemployment compensation, and wage
taxes reduce job creation” p. 213.
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Figure 5. Effect in "Labor Market Tightness" with an Increase in Subsidy s
N
c-5
c-s' é\
0* -
Source: Autor’s calculations.
K, (x,(0) = x,)?
(1= B)a(®) | (r+0+ u+ pi,)
_s - 1=flelb) ’ (29)

2 Kk, (1= x,(0))(1+ x,(0) —2(z + T, +b))
(r+0+u+pA,)

To find a numerical solution for 6, | use the Newton-Raphson Method™ to
solve non-linear equations.

The parameters have been chosen following the work of Albrecht et al. (2009),
which allows us to approximate the numerical exercise (baseline economy),

13 This method uses the first order Taylor expansion to calculate the zeros of the function and requires
the analytical derivative of the function. Another similar method is the Secant method, which uses a
numerical approximation of the derivative. For more information about this method, see Kharab and
Guenther (2013). In Matlab we can use the function fzero to solve the zeros of this non-linear equation
using the previous methods.
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to the composite of several Latin American Economies as Argentina, Brazil,
Colombia and Mexico. In this way, having a year as a unit of time, we set the
value of leisure, z= 0 and the discounted real interest rate, r= 0.04. On aver-
age, according to the International Monetary Fund (IMF), the real interest rate
(deposits rate) for these four countries in the last 10 years, have been around
3.6%. The job destruction rate and the workers' bargaining power are assumed
to be equal to 0.5, to satisfy the Hosios condition (0 = f8), Hosios (1990). The
values for these two parameters are commonly set at this level in the literature
( see Mortensen and Pissarides (1999). Finally, the cost of posting a vacancy,
¢, is set to 0.3, which is higher than the one assumed by Albrecht et al. (2009)
for the case of developing economies. The income flow in the informal sector,
w,, is set to 0.2. These parameters allow us to find an average informal / for-
mal wage ratio of 0.55, which is similar to the results reported by Patrap and
Quintin (2006) for the case of Argentina. Finally, following Satchi and Tem-
ple (2009), we choose a low search effort ¢ = 0.1 which shows that workers
in the informal sector spend a small fraction of their time looking for jobs in
the formal sector.

These parameters reproduce a baseline economy, which represents the aver-
age Latin American economy with high unemployment rate (around 6%) and
high informal employment (around 24%). For example, the unemployment
rate of 6%, falls in the rank of 5% -10% which is the case for the unemploy-
ment rates for Argentina, Brazil, Colombia and Mexico. Moreover, the size of
the informal employment is similar to the calibration models used by Patrap
and Quentin (2006) (30%), but smaller than the baseline case reproduced by
Albrecht et al. (2009) and Satchi and Temple (2009) (38%)." Even though we
set these parameters as the baseline case, we show the numerical results using
different values for the following parameters: the cost of posting a vacancy,
¢, the income flow of being informal, w,, and the search effort of “informal
searchers”, ¢ = 0.1 (see Table A3.1 from Appendix).

Table 1 presents the results of the numerical solution including the three dif-
ferent policies: unemployment benefit (b) for “pure formal workers", formal
lump sum tax (T.) for those who are formally employed, and a job creation
subsidy (s), when the search effort for “informal searchers” is ¢ = 0.1. In the

14 However, these models include, additional policies such as severance payment, which for simplicity
are not included in this model.
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first column, | present the outcomes of the steady state equilibrium without
any labor market policies (E5) in order to compare them with the steady state
equilibrium outcomes in the presence of each of the three different policies.
The second column (EP1) presents the equilibrium solution when there is an
unemployment benefit for those who are “pure formal workers". It is impor-
tant to remember that in this case | am assuming that the search effort ¢
is observed, which means that informal workers are not eligible for unem-
ployment benefits. Comparing this equilibrium solution with column E5, |
find that the unemployment benefit increases the incentive for workers to
join the formal sector (positive “composition externality”). As a consequence,
informal employment decreases (e, = 22%), but given the increase in the
number of "pure formal workers" in the economy, the unemployment rate
increases (u = 0.07%), [similar results are found by Boeri and Garibaldi (2005)
and Charlot et al. (2013). Moreover, the proportion of informally employed
workers searching for a formal job decreases (e,.s = 0.09). The last three rows
in the second column (EP1) present the net output in the economy, the for-
mal wages, and the Budget Balance with unemployment benefit policy. Then
comparing the results in (EP1) with column (E5), the unemployment benefit
policy increases the net output in the economy (Y = 0.44) and the formal
wages (w = 0.38). Formal wages increase by the "composition effect” because
"formal workers" are on average more productive after this policy. The budget
balance is negative however, given that the benefits offered by the govern-
ment are higher than the taxes collected.'

15 Yindicates the total output in the economy net to the cost of posting a vacancy, which is given by:

Y= {(1 —uf)N,jix'dF(x')+(1—uis)N,.5J.X;x'dF(x')} +zu N, +w, [u N, + N, ]-cO[uN, +pu,N,]. The
2 ! (1=H(x,))u,

—

, informal employment rate:

(GG el ) -

rest of the variables are defined as: Labour force, L = 1, unemployment rate: u=

formal employment rate: e = (1_H(X2))(1_uf)+((LH(X2)_H(X‘))“_u")

_ H(x,)+((H(x,) = H(x,))u, i i
€= L , proportion of "informal searchers": e,
e

ployment rate: e = e, +¢;, with condition: 1=u+e.

i
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Table 1.

Unemployment
benefit (b)

Formal tax (Tf)

Job creation
subsidy (s)

Market
tightness (0)

Productivity
level x,

Productivity
level x,

Unemployment
rate (u)

Employment
rate (e)

Formal
employment
rate (e,)

Informal
employment
rate (e,)

Informal
searchers (e, )

Average
output (¥)

Average
formal wage

(W)

Budget
Balance (BB)

Model with Different Labor Market Policies and ¢ = 0.1

E5

1.68

0.20

0.27

0.06

0.94

0.24

0.13

0.42

0.36

0.00

EP1

0.1

0.20

0.24

0.07

0.93

0.71

0.22

0.09

0.44

0.38

-0.01

Source: Autors's calculations.
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EP2

Policy parameters

EP3

0 0
0.1 0
0 0.1
Variables
1.53 2.59
0.30 0.20
0.37 0.26
0.06 0.05
0.94 0.95
0.61 0.72
0.33 0.23
0.1 0.12
0.41 0.43
0.34 0.38
0.06 -0.02

EP4

0.1

0.1

0.30

0.34

0.07

0.93

0.61

0.32

0.06

0.43

0.36

0.05
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EP5

0.1

0.1

2.13

0.20

0.23

0.06

0.94

0.72

0.22

0.07

0.45

0.40

-0.02

EP6

0.1

0.1

2.37

0.30

0.36

0.05

0.95

0.62

0.33

0.08

0.42

0.36

0.05

EP7

0.1

0.1

0.1

0.30

0.33

0.06

0.94

0.63

0.31

0.05

0.44

0.37

0.04
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The third column (EP2) presents the equilibrium solution when there is a lump
sum tax T.= 0.1 for those workers who are formally employed. Comparing
these results with the equilibrium without the introduction of any policies E5,
| find that a formal tax increases the incentive for workers to join the infor-
mal sector (negative “composition externality"). While the unemployment rate
does not change, formal employment decreases to 61%. In addition, informal
employment increases to 33%, and the proportion of informally employed
workers searching for a formal job decreases to 11%. The net output suffers
a slight decrease (Y = 0.41) as do the formal wages (w = 0.34) given by the
negative “composition externality”. However, in this case, the budget balance
is positive.

The fourth column (EP3) presents the equilibrium solution after the introduction
of a subsidy for job creation. Compared to the equilibrium solution without any
polices E5, a job creation subsidy reduces the cost of posting a vacancy, which
increases the number of formal vacancies in the economy. This increases labor
market tightness (0 = 2.59) and reduces the unemployment rate to 5%. Fur-
thermore, informal employment decreases to 23%, while formal employment
increases to 72%. As it is to be expected the net output in the economy and
formal wages go up. The budget balance, however, remains negative.

The fifth column (EP4) presents the combination of two policies: unemploy-
ment benefit and formal tax. In this case, the labor market tightness decreases
(6 = 1.23) as compared to the no policy equilibrium scenario (E5). The decrease
in market tightness implies an increase in the unemployment rate to 7% and
an increase in informal employment to 32%, along with a decrease in formal
employment to 61%. Moreover, the proportion of informally employed work-
ers searching for a formal job decreases to 6%. Notice that the net output
increases (Y = 0.43), which implies that the positive effect from the unem-
ployment benefit outweighs the negative effect from a formal lump sum tax.
Furthermore, the formal wage does not change and the budget balance is
positive compared to the scenario without policy.

The sixth column (EP5) presents the impact of two combined policies, the
unemployment benefit and the job creation subsidy. In this case, the labor

16 The lump sum tax T, = 0.1 represents a tax revenue of 17% of the net output with a ratio between a
formal and informal wage of 0.6. These results are similar to the baseline model of Albrecht et al. (2009).
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market tightness increases (6 = 2.13) compared to the no policy scenario (E5).
Even though the unemployment rate does not change, there is an important
reduction in informal employment to 22% and a reduction in the proportion
of informal workers searching for a formal job to 7%. In this case, the net out-
put is the highest in the economy (Y = 0.45). As can be expected, the budget
balance is negative and formal wages increase.

The seventh column (EP6) presents the combination of formal taxation and a job
creation subsidy. In this case, the labor market tightness increases (6 = 2.37) as
compared to the no policy case in column E5. The unemployment rate decreases
to 5%, but informal employment increases to 33%. Furthermore, the pro-
portion of informal workers searching for a formal job decreases to 8%. The
positive effect of the job creation subsidy cancels out the negative effect of the
formal tax; as a consequence, the net output does not change. Moreover, the for-
mal wage does not change and the budget balance is positive compared to
the scenario without policy.

Finally the eighth column (EP7) presents the combination of all three poli-
cies: unemployment benefits, formal tax and a job creation subsidy. In this
case, compared to the no policy equilibrium presented in column E5, | find
that the labor market tightness increases (6 = 1.90). The unemployment rate
does not change (u = 0.06), but informal employment increases to 31% and
formal employment decreases to 63%. However, given that the proportion
of informal workers searching for a job decreases (5%), the net effect of the
three policies increases the net output in the economy (Y = 0.44). Finally, for-
mal wages slightly increase and the budget balance is positive compared to
the scenario without policy.

In sum, | find that the unemployment benefit increases workers' incentive to
become formal workers. As a consequence, informal employment decreases
and the unemployment rate increases. Moreover, the proportion of informally
employed workers searching for a formal job decreases compared to the case
without policies. The positive "composition externality” increases the net output
in the economy and the formal wages. A formal lump sum tax T, increases the
incentive for workers to join the informal sector. As a result, informal employ-
ment increases and the proportion of informally employed workers searching
for a formal job decreases. The negative “composition externality” reduces the
formal wages and the net output in the economy. Finally, a job creation subsidy
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s, reduces the unemployment rate and the informal employment in the econ-
omy, with an important increase in the net output and the formal wages. Fur-
thermore, using a different combination of the three policies, | find that the
proportion of those informally employed who are searching for a job always
decreases and the net output and formal wages always increase compared to
the case without policies E5.

Even though in this paper we do not study the minimum wage policy, it is easy
to see what could be the effect of this type of policy in my model. Suppose we
have a minimum wage which is set at w,, < x <w, +T,, remember that from
the solution of our model, workers with productivity lower than x, =w, +T,,
would prefer to be pure informal workers, and then those with productivity
x >w,, would be informal searchers or pure informal workers. Thus, in this
case, the minimum wage is not binding and the solution of the model is the
same as before without policy. If we have a minimum wage w,, > x, (mini-
mum wage is binding), then all workers with lower productivity who had pre-
viously chosen to be pure informal, would now prefer to be formal workers.
However, remember that one of the most important assumptions of our model
is that the wage is the result of Nash Bargaining, where there will be a match
between firms and workers if there is positive surplus of the match. Hence,
firms would not find it profitable to match with workers with productivity
lower than x,. As a consequence, even though we impose a minimum wage,
and given that workers with productivity x < x, would prefer to work in the
formal sector rather than in the informal one, these workers would never find
a job. As a result, workers with low productivity x < x, will always work in
the informal sector. The workers with productivity between x, < x <w,, that
before the imposition of the minimum wage were a possible match, after the
introduction of the minimun wage, will not be hired given that firms would not
find it profitable to hire a worker with productivity lower than the minimum
wage. In this case, the minimum wage, acts as a barrier to otherwise accept-
able matches, which corresponds the standard negative employment effect
using a competitive labour market framework (Flinn and Mabli, 2009). As a
result, we will have a higher number of pure informal workers, those x <w,,.
In other words, in our model, the minimum wage policy would increase infor-
mality. Similar results are found for the case of Colombia, by Maloney and
Nufiez (2004) and Arango and Pachon (2014), who find that minimum wage
reduced employment for those close to the minimum wage. Another interest-
ing way to analyse the minimum wage is in the case where workers do not
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have any bargaining power, which may be the case of Latin American Econo-
mies. In this case, a minimum wage would stop firms taking all the surplus of
the match. The study of this policy will require further assumptions that go
beyond the scope of this paper.”

In general, my results corroborate those of other authors, such as Boeri and
Garibaldi (2002) and Charlot et al. (2013), who find that an increase in unem-
ployment benefits reduces informality while increasing unemployment. Other
authors such as Zenou (2008) find that an increase of unemployment benefits
decreases job creation in the formal sector and increases employment in the
informal sector. However, this author assumes that workers are always better
off in the formal sector, and as a consequence, there is no voluntary mobility
from the formal sector to the informal one.

My results are similar to Albrecht et al.(2009)'® when they analyze the effect of
a payroll tax (payed by the firms) on the level of formal and informal employ-
ment. In their analysis they find that a payroll tax reduces the rate at which
workers find a formal job, increasing unemployment. Furthermore, the fraction
of workers who would take a job in either the formal or the informal sector
increases and, as a result, informality increases. Even though in my model |
have a formal lump sum tax T_, which is paid by the workers,” my results are
similar to Albrecht et al. (2009). | also find that the rate at which workers find
a formal job decreases, given the decrease in 6, and the level of informality
increases. However, unemployment does not increase given the decrease in the
number of “pure formal workers" in the economy due to "composition exter-
nality”. Similar results are found in Boeri and Garibaldi (2005), Bosch (2006),
and Zenou (2008)% with an increase in unemployment. Finally, in the case

17 See Flinn and Mabli (2009) and Flinn (2006) for an analysis of minimum wage on welfare improvement,
using different bargaining specifications.

18 Albrecht et al. (2009) also analyse the impact of a severance tax in formal and informal employment.
The authors find that as in the payroll tax case, a severance tax reduces job creation, shifting emplo-
yment from the formal to the informal sector and reduces unemployment.

19 Notice that in the Nash bargaining process, firms burden part of the lump sum tax cost.

20 Other empirical works, such as that of Mondragon-Vélez, Pefia, Wills and Kugler (2010) in the case of
Colombia, find that increases in non-wage costs (health and pension contribution, payroll taxes and
transport subsidies) are highly correlated with the growth of the informal sector. Kugler and Kugler
(2009) find that a 10% increase in payroll taxes decreases formal employment between 4% and 5%.
They argue that when the wages are rigid or when payroll taxes finance benefits that are not fully
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of the job creation subsidy, | find the same results as those of Zenou (2008),
who finds that job creation subsidy reduces the unemployment rate and the
informal employment in the economy.

V. Conclusions

The steady state equilibrium solution in my model is similar to that provided
by Albrecht et al. (2009). In both cases, those workers who have high produc-
tivity decide to be "pure formal workers" and those who have low productiv-
ity decide to be "pure informal workers". However, in my model workers with
medium productivity stay in the informal sector while searching for formal
offers as “informal searchers”. Allowing “informal searchers” and "pure for-
mal workers" to search for a formal job with different search efforts brings a
new externality to the model: "composition externality”. In my model, | include
three different policies, unemployment benefits for those workers who are
"pure formal”, a formal tax for those workers who are formally employed, and
a job creation subsidy. | show that there is an equilibrium where the prob-
ability that a firm contacts a worker will depend on the composition of “pure
formal workers” and “informal searchers” in the formal labor market. Labor
market policies affect the workers' incentives to join the formal or informal
sectors, changing the composition of these two types of workers in the econ-
omy, which is called a "composition externality".

In accordance with the majority of findings in the literature (Albrecht et al.,
2009; Bosch, 2006; Boeri and Garibaldi, 2005, among others) | also find that
a formal lump sum tax (similar to a payroll tax), increases the incentive for
workers to become informal, which leads to a negative “composition effect".
As a result, formal employment decreases and informal employment increases.
There is also a decrease in the proportion of workers informally employed who
are searching for a formal job. Moreover, as is to be expected, a subsidy for
job creation increases the number of vacancies in the economy, increasing the
labor market tightness, and reducing the unemployment rate. Furthermore, as
a consequence of a job creation subsidy, the informal employment decreases

accrued by employees, workers will not absorb the entire cost of the payroll taxes and employment will
fall. Heckman and Pagés (2004) reach similar conclusions in the case of Latin American economies.
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and the formal employment increase. As it is to be expected, the net output
in the economy increases.

Finally, | find that the unemployment benefit increases the incentive for work-
ers to become formal and, as a consequence, informal employment decreases
but unemployment increases (given the increase in the number of “pure formal
workers" in the economy, there is a positive “composition effect”). The propor-
tion of informally employed workers searching for a formal job decreases. Fur-
thermore, the unemployment benefit increases the net output in the economy.

Itis important to emphasize that to be able to apply these policies, | am assum-
ing that the search effort ¢ is observed, which, in general, is not the case.
Nevertheless, the analysis of these labor market policies helps us to under-
stand that informality in developing economies is also due to a lack of policies
that aim to stimulate more workers to become formal. As reported by Kugler
and Kugler (2009), there is no proper balance between the cost and benefit
of being formal, on the contrary, given the lack of social protection, informal
employment acts as an unofficial insurance for workers.”
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Appendix

Appendix 1
A1.1. Optimal Worker's Strategy

Case A: In this case, | refer to "pure formal workers" as those with a pro-
ductivity level x satisfying the condition: W,(x) <U(x) <W,(x). Notice
that if W(x)<U(x) then workers would never be informal. In this case,
the only possible option would be to stay unemployed while search-
ing for a formal job; U(x)<W.(x). The Bellman equations for U(x)
and W, (x) are given by: (r+@U(x)=z+b+4 {W.(x)-U(x)} and
(r + W, (x) = w(x) - T, + 6{U(x) - W, (x)}. Given the free entry condition, |
can rearrange the Nash bargaining equation (9), and equation (7) as follows:
(1= B0~ U] = B4, 0], 4,06 = %
find the solution for w(x), U(x), W.(x), and J,(x):

. Solving the system, | can

(r+0+u+A)Bx+(z+T +6)(1-B)(r+0+ u)

wix) = (r+0+u+pBA,) (A1)

U(X)=(z+b)(r+6+u)+/l1ﬂ(x—Tf) (A2)
(r+u)r+o0+u+pi,)

W, (x) = (r+u+A)Bx-T)+(z+b6)(0+(r+u)(1-p) (A3)
(r+u)r+0+u+pa,)

Jf(x)=(1—,3)(X—(Z+Tf +b)) (A4)

(r+o0+u+pAi,)

The condition for a worker to accept a formal offer is given by J,(x) > 0, which
implies that the surplus exists if x =2z+T. +b.

Case B: In this case, | refer to "informal searchers" as those workers who
prefer to be informal rather than unemployed, hence U(x) <W,(x) but are
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able to accept a formal job offer, W,(x) < W,(x). The Bellman equations for
W.(x) and W,(x) are given by: (r+wW,(x)=w, + 4, {W(x)-W,(x)} and
(r + W, (x) = w(x) =T, + 6{W.(x) - W, (x)}. Given the free entry condition, |
can rearrange the Nash bargaining equation (9), and equation (7) as follows:
(1= B[W, (x) - W,(x)] = B[, (x)], J:(x) = i();)t) respectively. Solving the

(r+o+
system, | can find the solution for w(x), W,(x), W;(x), and J(x):

(r+o+u+,)Bx+Ww, +T.)1=B)r+0+u)

wix) = (r+0+u+pBA,) (A.5)

l/Vi(x)zW,(r+(§+,u)+/12,/3[x—Tf) (A6)
(r+wr+0+u+pAi,)

M“XFJr+M+lgﬂu—Jn+wA6+0+¢nm—ﬁD (A7)
(r+wr+0+u+pAi,)

9= (=Pl +7) as)

(r+0+u+pAa,)

The condition for a worker to accept a formal offer is given by J;(x) > 0, which
implies that surplus exists if x 2w, +T.

Case C: In this case, | refer to "pure informal workers" as those workers with
productivity x such that they prefer to be informal rather than unemployed
U(x) < W (x) and at the same time they will never accept a formal job offer,
which means that W, (x) < W,(x). In this case, they do not search for a formal
job. The Bellman equation for this type of worker is:

W,

- , A9
(r+u) (A9)

Given the solution in cases A and B, and assuming w, > b + z, this condition
is satisfied when x <w, +T..
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A1.2. Principle of Unimprovability

According to Kreps (1990), a strategy is said to be unimprovable if it is satis-
fied for all initial state 6, the following condition:

v(0,.0)= sup | r(0,,a)+ yZv(@o,a]n(G [6,,a) (A.10)

asA(G’O) 0

r(6,,a) is the immediate reward of one shot deviation & from the initial stra-
tegy o and yZv(Go,a)ﬂ(O [ 6,,a) the discounted expected value of all future
rewards from Busing strategy o.

Using the Principle of Unimprovability, | can verify if a candidate's strategy
is optimal. To verify if a candidate strategy is the best response, | just need
to check one-shot deviation from the candidate strategy. Let o, denotes the
strategy (analyzed in case A) where a worker is unemployed searching for a
formal job and does not take an informal job; and consider a period A where
the worker deviates from his strategy and takes an informal job. Then o, is an
unimprovable strategy if:

1
WIA+m{/12AVVf(X/O‘f]+(1_22A)U(X/O—f)} < U(X/Uf)

The first term in the LHS of the inequality, expresses the reward of being informal
for a period A. The second term expresses the discounted value of future rewards
of using strategy o,. Where U(x [ o, ) is the value function of being unemployed
conditional to strategy o, while W, (x [ o,) is the value function of being for-
mally employed conditional to o.. Rearranging the terms, | can rewrite the above
equationsas: w,A(1+rA + uA)+ AL,AW,(x [ 0,) < AU(x [ o,)(r + A, + u) then
dividing by A, I get w,(1+rA+ uA)+ AW, (x [ o,) < U(x [ o, )(r+ A, + ) and
letting A — 0,1 get: w, + L,W.(x [ o,) <U(x [ o,)(r + A, + u) . Using the value
function of being unemployed and formal employed (given by equation (A.2)
and (A.3), conditional to strategy o), | find:
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W/+/.{2|:(r+,u+/11]ﬁ(x—Tf)+(z+b)((§+(r+,u)(1—ﬁ]):|S
(r+p)r+0+u+pi,)

[(z+b)(r+6+u)+l1ﬂ(x—7})}(r+lz ‘)
(r+wr+0+u+pi)

This condition is satisfied when:

w,(r+0+u+pr)—(z+b)r+o+u+pA,)+ pT.(A,—1,)
BlA, = 2,)

Let o, denote the strategy (analyzed in case B) where a worker is informal
while searching for a formal job, but he is never unemployed. Then consider a
period A where the worker deviates from his strategy and decides to be unem-
ployed, o, is unimprovable strategy if:

1
(Z+b)A+m{ﬂ,1AWf(X/O'I-)+(1—A,1A)VV,-(X/O',-)} < '/V/'(XIOI) .

Where W.(x [ 0,) is the value function of being informal conditional to strategy
0;. W.(x [ g,) is the value function of being formally employed conditional to
0. Using some algebra and the value function of being informally and for-
mally employed conditional to strategy o, (given by equation (A.6) and (A.7)),
| find that this condition is satisfied when:

< w (r+0+u+pr)—(z+b)r+o+u+pA,)+ pT.(A,—41,)
- ﬂ(ﬂ.1—ﬂ.2)

Then workers with productivity

v <x< Wlr+0+u+pA)-(z+b)(r+0+pu+p,)+ BT, (2, —4,)
1_ ﬁuﬂ _}'2]
keep working in the informal sector and accept job offers from the formal
sector, and workers with productivity

w(r+<§+y+ﬁ/1 (z+0)(r+0+u+pAL)+BT(1,—4,)
BA,—2,)

ployed searching for a formal job and never take an informal job. This result
proves the proposition.

,remain unem-

DESARRO. SOC. No. 75, BOGOTA, PRIMER SEMESTRE DE 2015, PP. 51-99, ISSN 0120-3584

95



96

The Search and Matching Equilibrium in an Economy

Appendix 2

A2.1 Change in Unemployment Benefits

po+u)’(1-9)  9H dx,

K,y _ (0+ @A, + (0 + A, + 1) 9x, b 6.1)
RN CEY P10+ 10) 2
|:M1+lu[1—H(X2(0))]+WM[H(XZ(G))—H(XJ]

(O+u)’(1-¢p)  oH ox,

9Ky _ O+ @A, + )0+ A, + u) ax, ab 52)
9b O0+u PO+ u) 2
{5_,_/1 +,u[1_ o]+ W[H(Xz(e))—H(XJ]

Remember that % < 0; then aﬁ <0 and % <0.

A2.2. Change in the Formal Tax

0+ u)’ IH 9x,
e, O+ A, +u)0+ A, +u) ox, aT, (B.3)
o [ o+ (5+ﬂ ’
(O+uf oH ox,
o, _ 0+ A, +u)f ax, T, (B.4)
aT; o+u PO+ u) ’
[6+/l it CCURP v CEICILEY

d d a
Remember that ﬁ>O then ﬁ>0 and i>0
P ot aT,
d 5]
where: ﬁ>ﬁ.
aT.  aT.
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Appendix 3
A3.1. Numerical Exercise without the Labor Market Policies

In this section, | present the numerical solution of the steady state equilibrium
without any of the three policies that | have explored above; unemployment
benefit b, formal lump sum tax T, and job creation subsidy, s. Table A3.1 pres-
ents the results using different values for the parameters ¢, w,and ¢.

Table A3.1. Model with Different Parameters for ¢, w,and ¢

E1 E2 E3 E4 E5 E6 E7 E8

Parameters
Search effort () 0.1 0.7 0.1 0.7 0.1 0.7 0.1 0.7
Informal wage 02 0.2 0.1 0.1 0.2 0.2 0.1 0.1

(w)

Cost vacancy (0 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3

Variables

Market tightness

©) 2.59 2.24 2.36 2.28 1.68 1.43 1.52 1.46

Productivity 020 020 010 010 020 020 010 0.0
level x,
Productivity 026 079 013 039 027 082 014 041
level x,

Unemployment

0.05 0.02 0.07 0.05 0.06 0.02 0.08 0.06
rate (u)

Employment

0.95 0.98 0.93 0.95 0.94 0.98 0.92 0.94
rate (e)

Formal
employment rate 0.72 0.72 0.82 0.82 0.70 0.70 0.80 0.80
(e)

Informal
employment rate 0.23 0.26 0.1 0.13 0.24 0.28 0.12 0.14
(e)

Informal searchers

(e) 0.12 0.24 0.12 0.24 0.13 0.29 0.15 0.28

Average output

m 0.43 0.26 0.42 0.27 0.42 0.27 0.41 0.25

Source: Autor's calculations.
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The first column of the table indicates the equilibrium solution when the cost
of posting a vacancy is ¢ = 0.2 and income flow of being informal is w, = 0.2,
but the search effort of informal workers is lower (¢ = 0.1). In this case, the
number of “informal searchers” in the economy (N, = H(x,)—H(x,) = 0.06),
is smaller than the number of “pure formal workers” (N, = 1-H(x,) = 0.74).
Solving the model, | find that the equilibrium (E1) is given by a “labor market
tightness" of 6 = 2.59, an unemployment rate of u = 0.05 (5% of Ithe abor
force), a formal employment level of e,= 0.72 (72% of the labor force) and an
informal employment level of e, = 0.23 (23% of the labor force), where just
12% of those informally employed are searching for a formal job (e, ). The
net output in equilibrium is Y = 0.43.

The second column presents the equilibrium when the search effort of infor-
mal workers is high (¢ =0.7), which implies that the number of “informal
searchers" is higher than the number of "pure formal workers" in the economy.
In this case, the equilibrium labor market tightness is lower (6 = 2.24) com-
pared with E1. Notice that the unemployment rate is lower (u = 0.02) given
that there are fewer “pure formal workers" in the economy and the informal
employment rate is higher (e, = 0.26), where 24% of those informally employed
are searching for a formal job. Furthermore, the net output in the economy
with a high number of “informal searchers” is lower (Y = 0.26) compared to
the net output of the economy with high "pure formal workers" (Y = 0.43).

The third and fourth columns present the equilibrium when the income flow
w, is lower than in £1 (w/ = 0.1). Column E3 represents the equilibrium when
the search effort of informal workers is lower (¢ = 0.1). In this case, the “labor
market tightness" is lower compared to the previous equilibrium E1. Notice
that the unemployment rate is 7% whereas informal employment is 11%. This
means that when the income flow of being informal decreases, there is less
incentive for workers to stay in the informal sector; as a consequence, infor-
mal employment decreases and unemployment increases. Similar results are
presented in column E4 where the size of "informal searchers” in the econ-
omy is high.

The fifth and sixth columns present the equilibrium when the cost of posting

a vacancy is higher compared to column E1 (¢ = 0.3). Column E5 presents the
equilibrium value when the search effort of informal workers is low (¢ = 0.1).
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In this case, a higher cost of posting a vacancy reduces the “labor market
tightness", increasing unemployment at 6% and informal employment at 249%.
When the search effort of informal workers is high (¢ =0.7), as represented
in column £6, an increase in the cost of posting a vacancy increases infor-
mal employment (28%) but not unemployment (2%), compared to £2. Notice
that in column E5 the net output decreases, and in column E6 the net output
increases. This is due to the different effects on unemployment and the dif-
ferent levels of formality in each economy.

Finally, the seventh and eighth columns present the equilibrium when the
cost of posting a vacancy is higher (¢ = 0.3) and the income flow of being
informal is lower (w, = 0.1) compared to E1 and E2. Notice that in both cases,
(¢ =0.10rp =0.7) the “labor market tightness” is lower, which implies an
increase in the unemployment rate. However, given that the income flow of
being informal is low (w, = 0.1), there is a decrease in informal employment.
In column E7, the level of informal employment is lower (12%) than in column
E1. On the other hand, the higher cost of posting a vacancy increases the
unemployment rate and the proportion of informal workers searching for
a job (e ). In column E7, the level of unemployment is higher (8%) and the
proportion of those searching for a formal job is higher (15%) than in column
E1. Notice that this case represents the steady state equilibrium with the
highest unemployment rate and the lowest net output in the economy.

In sum, when the level of the search effort of "informal workers" (¢ =0.7)
is high, the economy is characterized by low "labor market tightness", a low
unemployment rate, and a high level of informal employment. These results
imply a lower net output in the economy compared to an economy with low
. Furthermore, a high income flow w. and a high cost of posting a vacancy
c implies a high level of informal employment. The effects on the unemploy-
ment rate depend on the level of the search effort .
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