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Abstract

Despite the existence of a large empirical literature, there is no conclusive answer to
whether labor markets in developing countries are segmented. Moreover, a prior and
perhaps more fundamental question remains largely unanswered, namely, whether the
formal-informal segmentation hypothesis actually has empirical content. This paper
tackles the latter question by developing a stochastic dynamic discrete choice model
to analyze workers’ choices between unemployment, formal and informal jobs. This gen-
eral framework is then used to assess the empirical implications of different models of
labor market functioning. As a complete taxonomy exercise is beyond the scope of this
paper, I focus on the two most polar cases in the present context: the fully integrated
and fully segmented labor markets. The final goal is to analyze to which extent these
two extreme benchmarks can generate implications that are empirically distinguishable
and, more broadly, whether the findings in the empirical literature can be supported by
a single model or by a broad array of models. The analysis shows that both models can
support the observed regularities regarding formal-informal wage gaps, transitions and
job duration. Hence, it does not seem possible to identify the existence of segmentation
from the moments typically analyzed in the empirical literature.
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1. Introduction

The coexistence of large informal sectors and substantial wage differentials
between observably equal workers has motivated an extensive literature on the
formal-informal labor market segmentation hypothesis. Indeed, most empirical
studies rely on the analysis of wage differentials and the process of wage determi-
nation in both sectors.! The underlying definition of segmentation in this litera-
ture is one where equally productive workers receive higher wages if they work in
formal jobs. As a corollary, if one is able to identify the existence of wage differ-
entials between equally productive workers, then one is able to empirically show
the existence of segmentation [e.g. Barros et al. (1993)].

However, to distinguish the true causal effect (if it exists) of holding a formal
contract from compensating differentials and self-selection is extremely difficult.
Heckman and Hotz (1986), for example, argue that earning functions in different
sectors/segments can differ for a variety of reasons and therefore they are not an
adequate test for the existence of segmentation [see also Magnac (1991)]. This
identification problem has led some authors to argue that one cannot test for
the existence of segmentation by the observation of wage differentials alone, and
there has been an increasing emphasis on the analysis of job-to-job transitions
between sectors [e.g. Maloney (1999), Gong et al. (2004) and Curi and Menezes-
Filho (2006)].2 This approach is supported by the theoretical argument that labor
market segmentation might manifest itself not only through different skill pricing
or job quality across sectors, but also through restrictions to workers’ mobility
between sectors [see Fields (1975), Dickens and Lang (1985) and Dickens and
Lang (1992)].

Despite the existence of an extensive literature, the question of whether labor
markets are segmented and the empirical relevance of this phenomenon remain in-
conclusive. Moreover, a prior and perhaps more fundamental question also remains
largely unanswered, namely, whether the formal-informal segmentation hypothesis
actually has empirical content. In a pioneering study, Barros (1988)? examines the
empirical content of the formal-informal labor market segmentation hypothesis by
analyzing to what extent the evidence regarding moments of the wage distribu-
tions is consistent with a unique model or with a wide range of models. His results
are not encouraging, as he concludes that the empirical regularities relative to
the wage distributions can be supported by very different views of labor market
functioning.

The objective of this paper is to further analyze the empirical content of the
formal-informal labor market segmentation hypothesis. For that, I build on the

ISee Ulyssea (2006) for a literature review.

2An important early exception is the work of Barros et al. (1990), which investigates the
mobility of formal and informal employees in Brazil using data from the metropolitan region of
Sao Paulo.

3For an updated and modified version of Barros (1988), see Barros and Ulyssea (2010).
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framework presented by Barros and Ulyssea (2010), to develop a stochastic dy-
namic discrete choice framework to model workers’ choices between unemploy-
ment, formal and informal jobs. Individuals are heterogeneous with respect to
their ability, unobservable to the econometrician, which is also a source of het-
erogeneity in the utility they can derive from a job in either sector. The latter
is a function of worker’s potential wage in the given sector and of a bundle of
non-pecuniary, sector-specific characteristics (e.g. flexible hours and job security).
Potential log-wages have two additively separable components:

(i) a hedonic function that describes how wages depend on worker’s ability; and

(ii) a job quality shock, which is drawn from a sector-specific distribution.

The model’s novelty is the presence of a job rationing component, which allows
for the possibility that workers might not be able to get the job that yields the
highest total expected value. This innovation aims at capturing the fact that there
might exist barriers to mobility across formal and informal jobs, which is one of
the central features of the segmentation hypothesis.

With this general framework at hand, it is possible to assess the empirical
implications of specific models of labor market functioning, which can be obtained
as special cases of the former. Obviously, a complete taxonomy exercise is beyond
the scope of this paper. For this reason, I focus on the two most polar views of
labor market functioning in the present context: the fully integrated and fully
segmented labor markets. One of the advantages of the general framework briefly
described above is that it allows me to precisely define these two benchmarks,
which is often not done in the literature. Using these definitions, I analyze what
the empirical implications would be if the data generating process corresponded
to these two extreme cases. The final objective is to analyze to which extent they
can generate implications that are empirically distinguishable. More broadly, I
ask whether the findings in the empirical literature can be supported by a single
model or by a broad array of models that imply completely opposite views of labor
market functioning.

The analysis shows that both views of labor market functioning — segmented
versus integrated — can support the observed regularities regarding formal-informal
wage gaps, and transition rates between sectors. In particular, both models can
generate positive or negative wage gaps, positive or negative ability bias in em-
ployment sector choice and duration dependence (even after conditioning on unob-
served ability). Hence, without imposing further structure there seems to be little
hope for identification. More specifically, it does not seem possible to identify
which model is behind the data generating process from the moments typically
analyzed in the empirical literature.

The remainder of the paper is organized as follows. Section 2 presents some
evidence on the moments that are discussed in the theoretical analysis. Section
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3 presents the general framework, while Section 4 analyzes the different empirical
implications of the segmented versus integrated models. Section 5 concludes.

2. Stylized Facts

The objective of this section is to provide some stylized facts regarding the
moments that are analyzed in the following sections. The goal is both to motivate
and contextualize the theoretical discussion, which is the core of the paper. In
this section, I focus on the analysis of workers’ mobility, in particular, on duration
analysis.* The evidence regarding the formal and informal wage differentials is
discussed in Barros and Ulyssea (2010) and it is therefore omitted here.

The data used here come from the Monthly Employment Survey (Pesquisa
Mensal de Emprego — PME) for the period from March 2002 to December 2008.
The PME is representative of the six major metropolitan areas in Brazil, and it is
a rotating panel with a similar structure to that of the Current Population Survey
(CPS) in the United States: selected households are interviewed once a month for
four months, leave the sample and return eight months later for another round
of four interviews. I restrict the sample to individuals who were either formal or
informal employees at the time of the survey, and aged between 18 and 65 years.
Throughout the analysis, I define informal workers as those employees who do not
have a formal labor contract (sem carteira de trabalho assinada). Analogously,
formal workers are those employees who have a work permit (com carteira de
trabalho assinada). Finally, to avoid inconsistencies in the job duration measure, I
only use information from the first four interviews and exclude individuals holding
more than one job. In both datasets, I also exclude public employees and domestic
workers.

The natural starting point is to analyze a simple transition matrix between
states. Table 1 shows the patterns of transitions out of four possible states (in-
formal or formal employees, self-employed and unemployed) and into all possible
destinations. The matrix displays a well-known fact about informal labor markets:
Informal employees face much higher turnover rates than their formal counterparts
and therefore the probability of staying in the informal sector is much lower than
staying in the formal one (from the diagonal entries, we have 47.6% and 84.6%, re-
spectively). Transitions from informal to formal employment are much more likely
than the other way around (20.2% and 5.2%, respectively). This evidence has also
been found for other countries, and has been interpreted as suggestive that if labor
market segmentation exists, it is not severe, as informal workers do not seem to
stay long in the informal sector and, moreover, they are likely to transit to the
formal sector.

Taking a step further, the survival function and the cumulative hazard tell
similar stories, as the probability of survival in the informal employment status

4The facts presented here constitute an updated subset of the evidence presented in Szerman
and Ulyssea (2007).
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Table 1
Transition matrix: 2002-2008

Unemp. Formal Informal Self Emp. Other O.L.F.}

Unemp. 59.4 11.3 14.1 14.3 1.1 -

Formal Emp. 2.2 84.6 5.2 2.4 0.7 5.0
Informal Emp. 4.9 20.2 47.6 15.8 2.9 8.5
Self Emp. 3.3 4.3 9.8 61.3 8.4 12.9

Source: Author’s calculations from the PME.
1 Out of the labor force.

is much lower than in self-employment and in formal employment. However, the
cumulative hazard for informal employees displays a concave shape for almost the
entire job duration range, indicating the existence of negative duration depen-
dence. Thus, it suggests that the longer individuals stay in the informal sector,
the less likely they are to leave.

Figure 1
Survival functions
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Although informative, these figures have two main shortcomings: they do not
control for workers’ observable characteristics and they do not account for the fact
that there are multiple destinations an individual can go to once she leaves a given
occupation status. To address these issues in a very simple way, I estimate the Cox
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Figure 2
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Proportional Hazard model, with competing, but independent risks. This allows
the analysis of duration dependence controlling for observable characteristics and
looking at specific transitions.” The Cox model has the attractive feature of being
semi-parametric, and it is not necessary to make any functional form assumptions
regarding the baseline hazard.

The competing risks analysis shows a very different picture from the one sug-
gested by the transition matrix presented before. Once one controls for workers’
characteristics, the probability of transiting out of the informal sector and into the
formal sector is much smaller than in the opposite direction. This fact is depicted
in Figure 3, which shows that the survival probability in the informal sector with
respect to the risk of exiting to a formal job is much higher than the other way
around. More interestingly, they are basically the same at the very beginning
of the spell in each sector (around the first three months) and then they signif-
icantly drift apart. It is worth noting that the Brazilian labor regulation allows
for a three-month period of “experience”, during which the employer can dismiss
a formal employee at no cost.

Figure 3 thus shows a very different scenario from the one found in simple tran-
sitions, survival and the cumulative hazard functions. According to the view that
the existence of segmentation implies barriers to workers’ mobility across sectors,

5The Cox model regressions include the usual sociodemographic controls (age, gender, race,
marital status and schooling), plus workers’ firm size and industry (services, manufacturing,
construction and so on).
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Figure 3
Cox Baseline Survival Functions
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Author’s calculations from the Monthly Employment Survey
(Pesquisa Mensal do Emprego — PME.)

Figure 3 could be interpreted as evidence in favor of the existence of segmentation.
However, as the remainder of the paper discusses, even when taken together, the
evidence presented here and elsewhere in the literature is not conclusive about the
labor market segmentation hypothesis.

3. The General Model
3.1 Basic structure

The total population of workers is assumed to be constant and is denoted
by L. All workers ¢ € IL are assumed to be homogeneous with respect to their
characteristics observable to the econometrician, and differ only with respect to
their unobserved ability, A, which, for simplicity, is assumed to be a scalar.® In
any period, the population of workers consists of a disjoint partition of unemployed
and employed workers, denoted by U; and E;, respectively. Let the unemployed
set be denoted by 0, and the formal and informal sets by 1 and 2, respectively. The
formal and informal sectors constitute a disjoint partition (Eq ;, Eo ) of E;. Define
the indicator variable for unemployed worker as Iy (i) = 1[i € U;] and for formal
worker as I (i) = 1[i € E; ], j = 1,2. The population of workers is fixed, but the

6 As long as unobserved skills are characterized by fixed bundles and the different elements
cannot be sold separately in the market, the assumption of scalar ability does not fundamentally
change the present analysis, but it makes exposition easier.
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employed-unemployed and the formal-informal partitions can change from period
to period. Even though the transitions in and out of unemployment are of interest,
the focus of the analysis is the assignment process of workers that generates the
partition (E;;,Eq,) and the implications for the cross-sectional distribution of
wages in both sectors and the transition rates between sectors.

In every period, employed workers must choose whether they want to remain
in their current job, if they want to go to the other sector, or if they want to
go to unemployment. Similarly, unemployed workers must choose between a job
in either sector or remaining unemployed and waiting for a better opportunity.
Even though individuals can always choose to be unemployed, it is possible that
they cannot get their most preferred job choice due to a stochastic job rationing
component. I introduce this potential job rationing in a very simple and stylized
way. I assume that in every period workers draw a random vector Dy = (dy 4, d2,t),
where d;; = 1 if the worker can choose to work in sector j and zero otherwise.
Put differently, if d;; = 0 the worker is rationed out of sector j in period t. If
the worker draws D; = (0,0), she is rationed out of both sectors and becomes an
unemployed worker. Thus, the discrete random vector D; has only four possible
realizations, D, € {(1,1),(1,0),(0,1),(0,0)}.

The wage setting mechanism in each sector has a very mechanical form in the
present model. I assume that the log-wage in each sector has only two components:
an ability pricing function, which is an equilibrium outcome that is left unspecified;
and a “job quality”’ component, which from the perspective of the worker is an
exogenous shock (conditional on worker’s ability). Hence, in any given period ¢, a
worker of ability A = a has two potential log-wages in each sector j = 1,2,7 which
are given by:

w50 = wj(ai) + @i (1)

where w;(-) is the equilibrium pricing function in sector j (which is time-invariant),
and ¢; ; is the job quality component drawn by individual 4 in period ¢ for sector
j-

Albeit important in itself, the mechanism that leads to this equilibrium pricing
function is left unspecified for two reasons: (i) the central feature for the present
analysis is whether the pricing function is different across sectors and not why it
is so; and (ii) leaving it unspecified avoids introducing unecessary structure (given
the goals of this paper) that could lead to further modeling misspecification error.®
Nonetheless, this option is not assumption-free, as it implies assuming that the

7Of course, only one of these potential wages is in fact realized. If the worker is allocated to
the informal sector, then wi,; should be interpreted as the counterfactual wage, were this worker
reallocated to the formal sector.

8In other words, not modeling the mechanism that gives rise to the ability pricing function
avoids taking a strong stand on which economic framework is more adequate to model the wage
setting in each sector (e.g. wage bargain, efficiency-wage, competitive or monopsony models).
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wage setting in both sectors does not depend on the outside options available to
the worker in each period. More generally, it excludes any structure that would
imply that the pricing equation changes over time.

Write <I>§- = (¢,0,---»$j1); workers draw their potential job quality from the
distributions Fmt‘ i1 7 = 1,2, which they take as given. For notational simplic-
ity, I omit the conditioning on the past history of shocks, denoting the conditional
distribution simply as Fy, ,.? These distributions are characteristics of the sectors
and not of the workers. For simplicity, I assume that the job quality component
is independent of workers’ ability:

Assumption (A.1): The job quality shocks, <I>§-, are independent of workers’
ability: <I>§ 1L A/ Vtand j=1,2.

Finally, workers derive utility from the labor income, w;., and from a non-
pecuniary component specific to sector j that is denoted by @;. The @; can be
interpreted as a scalar or as a bundle of characteristics specific to each sector, such
as flexible hours, job security, and so on.

3.2 Worker’s problem

Before describing the value functions of each possible state, it is important to
precisely describe the timing of worker’s problem and her information set. From
this point on, I omit the time and individual subscripts whenever possible to
simplify the notation. At the beginning of each period, employed and unemployed
workers face the same decision problem, which unfolds as follows:

1. The worker draws job-specific shocks in both sectors, (¢1 ¢, ¢2.1)-

2. Given the draws, the worker chooses the optimal sector based on the to-
tal discounted expected values of each state. If the optimal choice is the
unemployment sector, then the worker certainly steps into unemployment.

3. If the optimal choice is an employment sector, then the worker draws D; =
(d1,¢,dz2,t). If her first-best option is available, she goes to the segment chosen
in step 2. If she is rationed out of her first-best, then she goes to her second-
best, which can be either the other employment sector or unemployment.

Given the timing just described, the relevant information set for the worker
when she is making her decision (stage 2 above) is Q, = {Yy, ¢14, ¢2+}, where

9Throughout the paper these shocks are assumed to be correlated across time and indepen-
dent across sectors. A natural assumption here would be that the job quality shock follows a
first-order Markov process (instead of conditioning on the entire history of shocks). Nonetheless,
at this point the analysis would not gain much with this assumption so I opt to leave the notation
at this higher level of generality.
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Tt = {(I)til, D“H]It’l,a} and q)til = {((ﬁl’(), ¢270) s ey (q&l,t,l, ¢2,t71)}; .Dti1 =
{(dLo, dQ,O) g seny (d17t_1, d27t_1)} and Ht_l = {{Iij}]Q':O yorey {Ijat—l}izo}' Hence,
the information set in ¢ is comprised of the entire history of job quality shocks
(®t~1), of job opportunities in both sectors (D'~1) and realized sector membership
(I*~1). Note that the set Y; only contains the information up to the previous
period. This is true because the worker makes her decision about which sector
she would like to work in before she draws the current shock (dy ;,d2,). This is
trivially true for I, as the current-period membership, I; ¢, is the final outcome of
her decision process.

The value functions of being unemployed, and employed in the formal and
informal sectors, respectively, can be written as follows:

Vo(Q) = b+38Y Ry (QE[V;(2)]Q]
j=0
Vi(Q) = U(w,Q)+6Y P (QE[V; ()]0
j=0
V2(Q) = Ul(wz,Q2) 43> Poy(Q)E[V;()|0] (2)
=0

where the primes denote next period objects, b denotes the utility from unemploy-
ment, Py ; () is the worker’s probability of being in sector j next period given
that she is in sector k in the current period, and 2 denotes the current-period
information set.

Define 0; = 1[V; () > V5 (), Vs # j], for j = 0,1,2; in words, §; = 1 means
that segment j is the worker’s first best in the current period. In the absence of job
rationing, 6; would provide all the information necessary to determine in which
sector (unemployed, formal or informal employment) the worker would be in the
current period . With this notation at hand, it is possible to write the expected
transition rates out of the formal and unemployment states between two periods
as follows (the transition rates out of the informal state are analogous to those out
of the formal state and are therefore omitted):

Pi1(Q) = Pr[f)=1d,=1|Q] +Pr[f,=1,D" = (1,0),V] > Vj|Q]
P2 (Q) = Pr[h=1d,=1|Q] +Pr[0]=1,D" =(0,1),Vy > V|Q]
Pio(Q) = Pr[f=1[Q] +Pr[D' =(0,0),Vy < V/,j #0|Q] +

+3 " Pr[0) = 1,d; =0,V] > V., s # j|]
j=1
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Py1 () = Prlfp=1,d; =1|Q] +Pr[f;=1,D" = (1,0),V{ > V5|Q]
P2 () = Prl0y=1,dy=1|Q] +Pr[0; =1,D" =(0,1),V5 > V5|Q]
Poo () = Pr[f,=1|Q] +Pr[D =(0,0),Vy <V],j#0[Q] +

2
Y P8 =1,y =0,V > Vs £ 9]

where V/ = V; ('); the first term in the above probabilities describes the situation
where the stochastic rationing is not binding, and thus reflects the probability of
workers making the transition solely based on their choice. The second term
describes the situation where the worker is pushed to her second-best option, or
into unemployment.

4. The Empirical Content of the Segmentation Hypothesis

As mentioned in the introduction, in order to assess the extent to which the
formal-informal segmentation hypothesis actually has empirical content, I analyze
the empirical implications of the two most extreme benchmarks in the present
context: the segmented versus integrated labor markets. For that, it is necessary
to state these benchmarks very precisely [which is done in definitions (D.1) and
(D.2)], as they shape all the analysis that follows. However, before proceeding to
these definitions, I impose some additional structure to the model. First, I make
the following assumption regarding the utility function, U (wj, Q;):

Assumption (A.2):
1. The utility function is quasi-linear: U (w;, Q;) = w; + g (Q;).

2. Workers are heterogenous with respect to the utility they derive from Q);:
g(Q;) = g(Qj,€), where € is the taste heterogeneity parameter and ¢ =
€(A). Thus, the idiosyncratic preference paramenter is a function of worker’s
ability.

The first part of Assumption (A.2) simplifies the analysis considerably and yet
it seems a fairly reasonable description of individuals’ utility. The second part is
meant to allow for a more general structure of preferences and it also introduces
an additional source of heterogeneity in the model. In addition to (A.2), I impose
the following assumption regarding the information set and the relevance of past
information:

Assumption (A.3): The tenure in the current job, which is denoted by T, is
a sufficient statistic for the history of sector choices (©%) and job rationing
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draws (D?).1°

Thus, Assumption (A.3) states that the tenure in the current job contains all
the relevant information for the worker to make her choice at the beginning of
period t. If the worker ended period ¢ — 1 in sector j, the tenure at ¢ can be
written as T, = 7, where 7 = . _ I;; s, for some 7 € Nt and j =0,1,2. It is
worth emphasizing that this assumption does not imply a smaller information set
in the sense that the I;; summarizes the information regarding choices (©") and
job rationing (D!). This assumption, however, has important implications for the
nature of the time persistence of these shocks (both job quality and rationing).
In particular, it implies that once the worker switches sectors, the history of job
shocks in the previous sector is no longer relevant. This assumption does not
fundamentally change any of the results discussed ahead, but it does make the
analysis of job duration more straightforward, as will be clear in the following
sections.

The following two definitions are central to the remainder of the analysis, as
they define the two polar views regarding labor market functioning: segmented
versus integrated labor markets. Using the notation developed so far, segmenta-
tion is defined in the following way:

Definition (D.1): The labor market is said to be segmented if and only if the
following conditions hold:

(i) Formal and informal sectors have different ability pricing functions, w;(-),
j=1,2.

(ii) Formal and informal sectors have different potential job quality distributions,
denoted by Fy.,, j=1,2.

(iii) There is non-price rationing of jobs in the formal, but not in the informal
sector: Pr{d;; =1] <1 and Pr[dy, = 1] = 1.1

This is the case where both sectors differ in all of their basic elements and thus
are regarded as completely segmented. The second definition describes the situa-
tion where the labor market is completely integrated. At this point it is important
to emphasize that the definitions of segmented versus integrated markets regard
the equilibrium outcomes observed in each sector, given the existing set of labor
market institutions in the economy. In the segmented markets definition, these

N2 N2
10 Analogously to the previous definitions, write @ = {{06} Sy {6‘%} }
j=0 j=0
11T assume that only formal jobs are rationed because the formal-informal labor market seg-
mentation literature never considers the situation where informal jobs are rationed. The reason
for that is that formal jobs are typically considered to be of higher quality or “protected”, while
informal jobs are not.
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institutions lead to different equilibrium outcomes on the pricing functions, on
potential job quality distributions and on job availability. In the integrated mar-
ket definition, although both sectors have the same equilibrium outcomes, there
are still sector-specific characteristics that differentiate them (which are summa-
rized by Q;). Thus, even in the case of fully integrated labor markets it is still
meaningful to talk about two sectors.

Definition (D.2): The labor market is said to be integrated if and only if

(i) Formal and informal sectors have the same pricing function: wy(-) = ws(-) =
w(+).

(ii) Formal and informal sectors have the same potential job quality distribution:
F¢1,t = F¢2,t = Fd)w Vt.

(iii) There is no job rationing: Pr[dy; = 1] = Prlde; = 1] = 1, Vt.12

Finally, before proceeding to the analysis of the implications of the different
views of labor market functioning, it is useful to state one last definition. Let the
sector assignment processes be defined as the conditional probability (on worker’s
ability) of an individual to be allocated to sector j in a given period: m;, (A) =
Pr[I;, = 1|A], j = 0,1,2, respectively. Let p;; = [, m;:(a)dF4(a) denote the
unconditional probability of any given individual to be allocated to sector j, which
in the data simply corresponds to the share of individuals in state j = 0,1,2 in
period ¢t. With this notation in mind, consider the following definition:

Definition (D.3): The assignment process is said to be unbiased if, and only if,
the employment probabilites do not depend on worker’s ability. If this is the
case, then one would observe 7;+(A) = p;+, j = 1,2.

I now proceed to the analysis of the empirical predictions under each of the
two polar views defined in (D.1) and (D.2). I discuss the empirical implications of
both models regarding transition rates and job duration in the following section.
The implications regarding the cross-sectional wage distribution are analyzed in
subsection 4.2.

4.1 Transition rates and job duration
4.1.1 Integrated labor markets

Since formal and informal sectors have the same pricing functions and job
quality distribution and there is no job rationing, the assignment process in entirely

12Condition (iii) is quite strong and could be replaced with a weaker form of integration: (iii)’
Pr[di,s = 1] = Pr[das = 1] = P < 1. That is, job rationing exists, but it is the same for both
sectors. Assuming P = 1 is not necessary to any of the following results, but it does simplify the
analysis and hence this stronger version of the assumption is used.
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based on individual’s choice. If choice was solely based on current and future
expected wages, selection would be unbiased (see definition D.3). This is so because
the wage determination mechanism is the same in both sectors. However, because
workers place a different value on each sector’s bundle (Q;), the assignment is not
unbiased. I thus proceed to analyze the effect of unobserved ability on transition
probabilities.

The effect of unobserved ability

Consider first the probability of a worker being in state s in the next period
given that she ended the current period in state j (here again time subscripts are
omitted and primes denote next-period objects). In the integrated market model,
this probability is simply Pr [Ig = 1’Tj,A] = Pr [9'8 = 1‘Tj, A}. Since the focus
of the formal-informal labor market segmentation literature lies on the job-to-job
transition, in what follows I will analyze the individual hazard rate out of the
informal sector and into the formal sector (in the integrated model the job-to-job
hazards are symmetric). To simplify notation, I also assume that the persistence
in the job quality shocks is high enough so that the current informal job is still
preferred to unemployment.'® One can thus write the informal to formal hazard
rate as follows:

hg,l (T‘A) = Pr [Il :1‘T2:T,A] (3)
= Prio =1[7]
Pr[¢1 — ¢2 > g(Q2,€) — g (Q1,€) + Ko (T) — K1 () | Y]
= 1-Fy, (C|T)) (4)

where C' = g(Q2,¢) — g(Qu,€) + K2 (Y) — K1 (T) and K, (T) =6 Y5_y Pa; (Q)
E [Vj () |T], s=1,2; ¢p = ¢1 —¢2 and Fy, is the c.d.f. of the difference, which
is assumed to be absolutely continuous with density f4,; and I use Assumption
(A.3) to write T = {7}, A}.

A quick inspection of expression 3 shows that the effect of worker’s ability
on the probability of leaving the informal sector for the formal one is largely
determined by the term g (Q2,¢€) — g (Q1,€).1* If g (Qa,¢) — g (Q1,€) is decreasing

T|A

in A, VA, then #

> 0.1 This is true if and only if 69(6QA1’6) > ag(gf’e) ,

13Given that the worker was currently holding an informal job, with tenure T = 7, it must
have been the case that she preferred this option to unemployment for 7 periods. With enough
persistence in the job quality shocks, this will still be the case in the following period.

14 Clearly, a worker’s skill affects her expectation of future rewards, as it is part of her infor-
mation set. However, in this scenario, the only way skills affect the value function is through the
g = (+) and these remain constant over time.

15Ty see why this is true, one can simply differentiate the hazard rate with respect to a:
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VA. In words, as we move from the bottom to the top of the skill distribution, the
rate of change in the utility derived from a formal job must be higher than the
one from informal jobs. Following the same type of reasoning, it is easy to verify
that the same holds for job duration in both sectors: if W < 0, then
more skilled workers are more likely to survive in a formal job.

Duration dependence

As for the the analysis of duration dependence, it is more convenient to rewrite
the informal to formal hazard rate as

hoa (7]A) = Prl¢1 > s+ C|Th =1, 4]
oo $2+C
1 —/ / dF g1y, adFy|T;, 4 (5)

where I use the fact that in the integrated model both sectors have the same job
quality distribution.

As expression 5 shows, once one conditions on worker’s ability, the behavior
of the individual hazard rate with respect to the duration of the spell (dura-
tion dependence) is completely determined by the time pattern of the job quality
shock. In particular, if the shocks are persistent and positively correlated, then
one would observe negative duration dependence, while if they are persistent, but
negatively correlated, then one one would observe positive duration dependence.
In the extreme case where the job quality shock is constant, one would observe
hi2 (T’A) = ha; (T|A) = 0 for all workers and all time periods.

This is important as the existence of high mobility rates between sectors is usu-
ally associated with absence of segmentation, while low informal-formal transition
rates are interpreted as evidence of barriers to mobility. However, this framework
shows that low informal-formal transition rates can emerge even in a completely
integrated labor market. Similarly, even if the econometrician was able to confi-
dently remove the effect of unobserved ability, the existence of negative duration
dependence in the informal sector would not necessarily imply the existence of
segmentation nor an “informality trap.” The negative duration dependence could
emerge even in the context of perfect mobility, as long as there is enough persis-
tence in the shocks ¢.

Nonetheless, this model does deliver a very sharp prediction regarding the ob-
served duration dependence pattern across sectors. From expression 5 it is possible
to see that once one controls for the unobserved heterogeneity, job duration in both
sectors should have the same pattern of duration dependence. In particular, transi-
tion rates from formal to informal and the other way around should be symmetric,

h TIA —
2718(14} ) — 7f¢D (Ct) [B(H(QZ»égZQ(Qlaf))] , which is positive as long as a(g(Q21E$Zg<Q1aE)) < 0.
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for a given level of productivity and job tenure. This result is a consequence of the
assumption that in the integrated model the shocks have the same distribution in
both sectors, and thus display the same autocorrelation patterns.

4.1.2 Segmented labor markets
The effect of unobserved ability

In this model, selection into the different sectors clearly depends on ability.
Once again, I start by analyzing the effect of ability on job-to-job transitions.
As before, T assume that workers always prefer either employment statuses to
unemployment. Following the analysis in Section 4.1.1, it is possible to write the
job-to-job hazard rates in the formal and informal sectors, respectively, as follows:

hio(t|A) = Pr[0,=1|Ty =7, A] +Pr [0 = 1Ty = 7, A] (6)
x Prldy=0|Ty =1,A4]
ha1 (T‘A) = Pr [91 = 1|T2 =, A] X Pr [dl = 1’T2 =, A] (7)

where I use the fact that, conditional on the employment history, d; and 6; are
independent (so one can factor out the two probabilities).

The above expressions can be rewritten as follows (I focus on the informal to
formal hazard, but the formal-informal one would be analogous):

h2)1 (T’A) = Pr [91 = 1’T2 = T,A] x Pr [dl = 1‘T2 = T,A}
- [1 —F,, (C|T2 =7, A)] x Pr[dy = 1|Ty = 7, A] 8)
where I use the expression derived in equation 3 with C' = C'+wy(A) —w; (A). Dif-

ferentiating the the above expression with respect to worker’s ability, it is straight-
forward to see that

8h271 T|A > aé
@1(4” =Pr[d =1|Ta =7,A] x [ ~fs, (C|T2 B T7A)éf-1/ >
20
where

9C _ 0 (wa(A) —wi(4)) | 9(9(Qe0) ~9(@1,9)
Oa 0A 0A

Thus, as in the integrated labor market model, the sign of the selection bias
depends on how the utility from formal and informal jobs is affected by unobserved
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ability. If the total utility derived from a formal job increases in worker’s ability
at a higher rate than that derived from informal jobs, then there will be positive
ability bias out of the informal sector and into the formal one. This will be the case
if aw’-’(A)atlg(Qz‘af) < 3(W1(A)T(Ql’€)). This is very close to the condition derived in
the integrated market model, except that in this case ability has a different direct
effect on workers’ potential earnings in both sectors (through the hedonic pricing
functions w).

Duration dependence

As opposed to the integrated labor market model discussed in subsection 4.1.1,
in the segmented model, transitions are determined both by workers’ choice and
by the job rationing component. In this case, low transition rates between sectors
can emerge due to high persistence of the job quality shocks or due to a high
degree of formal job rationing [Pr(d; ; = 1) is very low], or both. This can be seen
by once again examining the job-to-job hazards:

h1’2 (T|A> =Pr [92 = 1‘T1 :T,A] + (1—PI’ [92 = 1|T1 :T,A})
x Pr [dl :0’T1 =T, A]
=Pr [y =1|Y] x (1= Pr[dy =0|Y]) + Pr [d = 0|Y]

(1 7/ /% dF¢2|TdF¢1|T) x (1="Pr[dy =0[T])

+Pr[dy =0|T]

hoi (T|A) =Pr [0y = 1Ty = 7,A] x Pr[dy = 1|Ty = 7, A]

00 $p24+C
= (1 —/ / dF¢1TdF¢2T> x Pr[dy = 1|Y]
—00 J —00

As it is clear from the expressions above, if the labor market is highly segmented
— in the sense of high barriers to entry into the formal sector (i.e. Pr [dy = 1|T] —
0) — then one would observe nearly zero informal-formal transition rates and possi-
bly higher formal-informal transition rates for any given spell 7. Nonetheless, this
is not empirically distinguishable from the situation where there is no rationing
of formal jobs, but job quality shocks are highly and positively correlated across
time in both sectors.

4.1.3 Discussion

The non-identification problem pointed out above is central to the discussion of
empirically identifying the existence of segmentation. As demonstrated by Dickens
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and Lang (1985) and Dickens and Lang (1992), the existence of barriers to workers’
mobility between sectors is a crucial feature of the segmentation theory. The
existence of different wage determination mechanisms in both sectors is important,
but it is also present in the human capital theory, most notably in the Roy model
[see Heckman and Hotz (1986) for an early example of the Roy model applied to
the analysis of labor market segmentation].

Moreover, the existence of low mobility between sectors caused by high persis-
tence of job quality shocks has a completely different welfare interpretation from
low mobility that arises as a consequence of persistent job rationing. In the first
case, there is no transition due to workers’ choice and hence it should not raise
equality or welfare concerns, as long as these shocks are random. This is not the
case in the second situation, as there is a share of workers in the informal sector
that would be better off in the formal sector. In this case, low mobility has a direct
impact on workers’ welfare.'6

Nonetheless, the only hope of finding footprints of either model seems to be
through the analysis of the duration dependence pattern in both sectors. As
discussed in subsection 4.1.1, the integrated model implies that conditional on
unobserved heterogeneity, both sectors should have the same pattern of duration
dependence. This is a sharp prediction. Indeed, if one does not find the same
pattern of duration dependence in both sectors, then one can reject the fully
integrated model. However, one cannot reject the existence of a slightly weaker
form of integration, which would be both sectors being completely integrated, but
having different job quality distributions. This is arguably a completely different
scenario for labor market functioning from the one with a fully segmented market.
In particular, the former does not have any restriction on workers’ mobility. So,
there remains a significant identification problem: as one moves slightly away from
the fully integrated model, it is no longer possible to empirically differentiate any
of the models.

This is true even if one is willing to assume that the distribution of job quality
shocks in the formal sector first-order stochastically dominates (FOSD) the infor-
mal sector one, which conforms with the existing empirical evidence that formal
firms tend to be more productive than their informal counterparts.!” The FOSD,
however, is a statement about how the distributions of job quality in both sectors
compare in the cross-section, which will determine workers’ sorting across sectors.
But conditional on sector membership, the transition and duration patterns will
be highly determined by the persistence of the process that generates the job qual-
ity shock. For instance, if a worker decided to sort into the informal sector at t,
it must have been the case that she had a relatively better draw of job quality in

161t is important to note, however, that this model is not an equilibrium model. Thus, it is
not suited to perform welfare analysis, as the general equilibrium implications of these different
views of labor market functioning cannot be analyzed.

17T would like to thank an anonymous referee for suggesting this discussion.
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the informal than in the formal sector (under perfect mobility). From then on, it
is likely that she will still prefer the informal sector due to the high persistence
of shock processes, despite the FOSD property. In the data, this would show up
as low informal to formal transition, which is the same outcome that one would
observe with high barriers to mobility.

This exercise points to the importance of imposing additional structure to
the model in order to achieve identification. This comes from the fact that the
segmented model has eight central building blocks — Fy,, Fy,, w1 (+), wa (+), Fa,
Pr[dy = 1], g(Q1,¢€) and g (Q2, €) — that determine two reduced-form relationships:
%&—\A% s,7 = 1,2. Hence, one can always manipulate these objects to obtain the
same duration dependence pattern in the formal and informal sectors. The need
to match the observed sign for the formal-informal wage gap and the difference in
wage variance imposes additional restrictions (discussed in the following section),
but there are still enough remaining degrees of freedom to obtain any intended
result. Hence the need to impose additional assumptions that can pose restrictions
on the behavior of these building blocks, such that the underlying model can
generate empirical predictions that are both falsifiable and distinguishable from
other models.

4.2 Cross-sectional distribution of log-wages

This section closely follows Barros and Ulyssea (2010), and I show that their
differences in mean and variance decomposition also holds in this more general
framework. In any period,'® let F4 and F(-) = Fa(-|I; = 1) denote the distri-
butions of ability over L and E;, j = 1,2, respectively. Using Bayes rule one can
write

dFAﬂ'j (A)

dF} =
A p]

; J=1,2 (9)
and hence under unbiased assignment (see D.3) one has that dF} = dF3 = dFa;
that is, the distribution of abilities is the same in both sectors and is equal to the
distribution of abilities over the entire population.

Let FJ (1) = F, (~‘Ij = 1) denote the observed wage distribution in sector
j =1,2 (ie. the wage distribution over E;). From (A.1) it follows that we can
write these conditional wage distributions as

Fi(z) = /°° Fu(x—r)dF] (r),  j=1,2 (10)

— 00

where dF(gj(o) = dFy, (~|Ij = 1), j = 1,2, are the distributions of job quality in

18Since this section focuses on the cross-sectional distribution of log-wages, time subscripts
are omitted everywhere.
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the formal and informal sectors that are actually observed in any given period.!?
Assuming that the distribution of abilities is absolutely continuous with density
fa, one can write Iy, () as

wi (@)

Fo (@)= J-% fi(y)dyZIfgol(w)%f)fA(y)d% j=12 (11

where I use the fact that the pricing functions are strictly increasing (by assump-
tion). Substituting 11 into 10 we get a key expression:

| oo [ puyter) o A
Fio) = [ V S paay| ), G=12 (12

—o00 —0o0 Dj

Hence, as in the static framework of Barros and Ulyssea (2010), the observed
log-wage distributions in both sectors may differ due to three factors:

(i) biased assignment: ;(A) # p;, j =1,2.
(ii) different pricing functions, w;, j =1, 2.

(iii) different distributions of job quality across sectors: Fy,, j = 1,2.

However, in Barros and Ulyssea (2010) the assignment process itself, the pric-
ing functions and the distribution of job quality in both sectors are exogenous to
the model. In the present framework, the assignment process depends on work-
ers’ sector choice, which by its turn crucially depends on current and future job
prospects, as well as on the pricing function in each sector. Thus, opposed to
Barros’ analysis, the assignment process is endogenously determined.

19The dF¢j are the potential job quality distributions in each sector.
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The formal-informal wage gap

The observed average wage gap between the formal and informal sectors can
be decomposed in a very straightforward way:2%

= E[wl (A)—wg (A)|11:1]
VT
+ (E [WQ (A)|11:1] 7E|:(JJQ (A)|121]>
Aps
+ (E [f1]| 11 =1] —E[¢2\12:1])
Apg

where Ay, corresponds to the average difference in the pricing of ability in both
sectors (difference in the hedonic functions); Ay, is the bias due to self-selection on
ability; and Apug is the difference in average job quality in both sectors. The first
term, Apy,,, is the equivalent of the treatment on the treated parameter (TOT). It
has the causal interpretation of the average impact of holding a formal contract
for those who would have been assigned to the formal sector.

4.2.1 Integrated labor markets

From expression (14), one can see that, in this case, the components relative
to the average difference in the hedonic function and the difference in average job
quality are equal to zero: Apu, = Apg = 0. However, because selection depends on
individuals’ ability, the term relative to selection bias is not zero, A, # 0. Thus,
in this model, the wage differential is completely determined by the component
relative to biased selection.

Nearly all of the empirical studies of formal-informal wage gap report a positive
gap in favor of formal workers. As wj is strictly increasing in «a, if more able workers
have a higher probability of being in the formal sector, then Ay = ASu; > 0. As
discussed in the previous subsection, this will be the case if g (Q2,€) — g (Q1,€) is
decreasing in A for all A.

20The difference in wage variances can be decomposed in the same way:

Ac? =Var [w1|11 = 1] —Var [w2|12 = 1] =Var [wl(A)}Il = 1} —Var [w2(A)|Il = 1]

Ac2
+(Var [wz(A)| 11 = 1] = Var [wa(A)|I2 =1]) + Var [¢p2|1 = 1] — Var [¢2|I2 = 1]

Aag Ao?)

where the three components have the same interpretation as above.
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4.2.2 Segmented labor markets

In this model, the wage gap has no clear interpretation, as all three components
in equation 14 are different from zero. Under the assumption that gg < 0, then
the self-selection component is positive, Aus > 0. If one adopts the traditional
view of the formal sector being the protected sector and the informal sector the
disadvantaged one, one would expect to have wy(A) > wy(A), VA, and wi(4) >
wa(A) for some A, which implies Ay, > 0. This assumption is consistent with
the evidence that the quantile log-wage differences are everywhere positive [see
Barros and Ulyssea (2010)]. If this is the case, then one does not need to assume
that the average job quality in the formal sector is higher than in the informal
sector to obtain Ap > 0. As long as the two previous conditions hold, the average
job quality in the informal sector could be higher and still the formal-informal
wage gap would be positive as long as Ap,, + Aps > |Apgl. Of course, if the
average job quality in the formal sector is higher (Apy > 0), then the wage gap
will be unambiguously positive. The analogous reasoning is valid for the variance
decomposition.

It is also worth noting that the existence of a positive formal-informal wage gap
does not immediately admit a causal interpretation. If one controls for selection
bias (using a control function approach, for example), there will be a remaining
unobserved component due to job quality differences across sectors. If, however,
one has access to matched employer-employee data, then it would be possible to
control for job quality as well and one could be more confident to have identified the
TOT parameter, Ap,,. Following the same logic, if after controlling for selection
bias and firms’ characteristics the estimated gap is close to zero, then this is
indicative of no causal effect of holding a formal contract.

5. Final Remarks

The objective of this paper was to analyze the empirical content of the formal-
informal labor market segmentation hypothesis. For that, I build on and extend
the pioneering work of Barros (1988) into the following directions:

(i) I consider a dynamic framework;
(ii) workers’ sector choice is explicitly modeled; and
(iii) T introduce a stochastic job rationing component in both sectors.

The last feature is motivated by the fact that labor market segmentation might
manifest itself not only through different workers’ skill pricing or job quality across
sectors, but also through restrictions to workers’ mobility between sectors.

This general framework is specialized to two polar views of labor market func-
tioning, namely the fully integrated and segmented labor markets. I then analyze
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what the empirical implications would be if the data generating process corre-
sponded to these two polar cases, with the final goal of assessing whether or not
they can generate implications that are empirically distinguishable. Put differently,
the objective is to assess to which extent the findings in the empirical literature
can be supported by a single model or by a broad array of models that imply
completely opposite views of labor market functioning.

The analysis indicates that there seems to be little hope of empirically identi-
fying the existence or not of segmentation: The two polar cases considered here
— fully segmented and fully integrated labor markets — can generate the observed
regularities regarding formal-informal wage gaps, transition rates and job duration
in the formal and informal sectors. In particular, both models can generate posi-
tive or negative wage gaps, positive or negative ability bias in employment sector
choice and duration dependence (even after conditioning on unobserved ability).

A natural extension of the present analysis is to therefore investigate which
plausible assumptions, if any, would ensure identification. Barros and Ulyssea
(2010) and Barros et al. (1993) make some efforts in this direction, but more
is needed in order to better understand what can be learned from the available
empirical evidence, as well as to unveil new facts that can be informative about
the existence or not of labor market segmentation.
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