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This paper estimates a search and matching model with labor protection and dual labor markets in which the
relative availability of temporary versus permanent contracts in the market is endogenous. Chilean data is used
to evaluate the role of labor protection legislation and the use of temporary contracts in unemployment, welfare,
and inequality. Results show that the share of temporary contracts in the labor market becomes more important
as ﬁring costs increase. Simultaneously, temporary contracts negatively aﬀect the frequency with which regular
jobs arrive and oﬀset any positive eﬀect of ﬁring costs on unemployment. Finally, temporary contracts increase
ﬂexibility and generate increasing welfare gains as labor protection becomes more stringent.

1. Introduction
Temporary contracts are widely used in European countries and, in
the last twenty years, have proliferated in developing nations, particularly in Latin American countries (Harrison and Leamer, 1997;
Heckman and Pages, 2000). They have been used to introduce
ﬂexibility in the labor market in order to reduce unemployment.
However, the literature has found an ambiguous eﬀect of temporary
contracts on unemployment because these contracts do not only aﬀect
the ﬂows out of unemployment but also the ﬂows out of employment
for newly hired workers (see for example, Bentolila and Dolado, 1994;
Blanchard and Landier, 2002; Güell, 2003; Aguirregabiria and AlonsoBorrego, 2009, among others). At the same time, labor protection, in
the form of ﬁring costs, has also been extensively used to reduce
unemployment with the diﬀerence that this policy leads to fewer job
destructions. The literature has also found that labor protection aﬀects
the job creation rate, generating an ambiguous eﬀect on unemployment
(see for example, Mortensen and Pissarides, 1994, 1999b, among
others)2.
A large part of the literature that analyzes both temporary contracts
and labor protection policies has treated the proportion of available
temporary contracts in the economy as exogenous. Little attention has
been given to the interaction between these two policies when that

proportion is an outcome of the equilibrium in the labor market. In this
line of the literature, the closest paper to this research is Cahuc and
Postel-Vinay (2002). However, data for some OECD and Latin
American countries suggest that temporary contracts are in fact used
to reintroduce ﬂexibility when ﬁring costs are high. In a way, this
implies that employers try to avoid ﬁring restrictions by replacing
permanent workers with temporary workers (Harrison and Leamer,
1997). This idea is captured in Fig. 1 which shows a positive relation
between the degree of protection of permanent jobs and the employment rate of temporary contracts observed in the economy3. Hence, the
following question arises: Once the government authorizes the use of
temporary contracts, are these contracts an equilibrium response of
ﬁrms to introduce ﬂexibility when ﬁring costs are high* An interest in
this endogenous relation has only recently emerged, and the related
literature is still scarce (see Cao et al., 2011; Alvarez and Veracierto,
2012; Macho-Stadler et al., 2011; Paolini and de Tena, 2012).
In addition to the policy implications of temporary contracts, there
are concerns regarding the use of these contracts in Latin American
countries since they represent a phenomenon of job insecurity (like
informality) and can potentially have important eﬀects on productivity
and growth. In particular, they are associated with lower investment in
human capital and productivity losses because the lack of attachment
to the ﬁrm reduces the incentives of ﬁrms to invest in workers
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important proliferation of contingent work arrangements in the
1990s5, period which also coincides with an increase in ﬁring costs.
Second, aside from Brazil, Chile is one of the countries with the highest
and more persistent levels of income inequality, not only at the regional
level but also worldwide. Third, the level of informality in the Chilean
labor market is one of the lowest for Latin American standards -less
than 20% of employment is in the informal sector (Puentes and
Contreras, 2009). Finally, for estimation purposes it is necessary to
have information on labor market transitions, and the Chilean Social
Protection Survey used in this paper is one of the few longitudinal data
surveys available in Latin America.
In modelling temporary contracts, this paper makes the following
considerations. First, a temporary contract is broadly deﬁned as any
contingent job that has a predeﬁned duration, is not subject to ﬁring
costs, and is not necessarily converted to a permanent one at the end of
the contract. This deﬁnition does not only include the ﬁxed-term
contracts6, which has been the commonly used deﬁnition of temporary
contracts in the literature, but also other types of contingent jobs such
as per task, per-service, and temporal (seasonal) jobs7. The inclusion of
these last contingent job arrangements in the deﬁnition of temporary
contracts is relevant for Latin American countries, where a large
proportion of the labor force is involved in agriculture and other
primary activities making ﬁxed-term contracts less relevant than other
types of temporary contracts (particularly seasonal jobs)8. Second, as in
Cahuc and Postel-Vinay (2002), it is assumed that there are two types
of jobs that coexist in the market, permanent and temporary.
Additionally, because the type of contract can inﬂuence the productivity of the job (and production opportunities, particularly for seasonal
jobs), it is assumed that the productivity distributions are contract
speciﬁc. This last assumption also allows for the ﬁtting of overlapped
productivities and wages distributions, as is the case of the Chilean
labor market9. Indeed, as Kalleberg (2000) suggests, temporary workers earn, on average, lower wages. However, since there is considerable
heterogeneity in the wages for temporary workers, it is possible to ﬁnd
jobs in which temporary worker earnings are higher than those of
regular employees. Lastly, because temporary contracts have a predeﬁned duration, the decision rules they generate have a non-stationary feature. Additionally, under the deﬁnition of temporary contracts
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Fig. 1. Share of Temporary Jobs and Strictness of Protection for Regular Jobs, Sources:
Pierre and Scarpetta (2004), Tokman and Martinez (1999), OECD Stats.

(Heckman and Pages, 2000). Empirically, Carpio et al. (2011), in their
analysis of the Chilean labor market, ﬁnd that having a temporary
contract reduces the probability of receiving employer-paid training.
Dolado and Stucchi (2008) also ﬁnd that, in the case of Spain,
temporary jobs aﬀect total productivity; however, their mechanism is
diﬀerent. In their study, temporary contracts reduce the eﬀort of
workers if the probability of becoming a permanent worker is low.
Therefore, following this line of the literature, temporary contracts
generate a trade-oﬀ between ﬂexibility and productivity gains.
This paper tries to answer the following questions. First, given the
existence of both permanent and temporary contracts, and the
potential trade-oﬀ between ﬂexibility and productivity related to them,
does more protection to permanent jobs generates a greater proportion
of available temporary contract in the economy, increasing with that
the employment rate of temporary jobs* Second, is labor protection
eﬀective to reduce unemployment when permanent and temporary jobs
coexist* Finally, in dual labor markets (that is, with permanent and
temporary contracts), are agents better oﬀ and labor market outcomes
less unequal* To answer these questions, this paper extends Mortensen
and Pissarides (1994) model and proposes a search and matching
model with dual labor markets, in which the proportions of temporary
and permanent contracts observed in the economy are determined as
part of the equilibrium4. The proposed model also includes ﬁring costs
in the form of severance taxes to analyze the eﬀect of labor protection
policy on the equilibrium share of both types of contracts. Additionally,
to capture the trade-oﬀ between ﬂexibility and productivity, the model
includes, in a very simple way, a mechanism of productivity gains only
for permanent jobs. Finally, because contingent jobs are in many cases
used to screen (typically young) workers before oﬀering them a longterm contract, the model also incorporates the possibility of direct
transition between temporary to permanent contracts. The model is
then structurally estimated using likelihood methods with supply side
data on the Chilean labor market. Finally, the paper presents counterfactual exercises to quantitatively evaluate the role of labor protection
legislation and the use of temporary contracts in unemployment,
welfare and inequality.
There are at least four reasons for working with Chilean data. First,
Chile is one of the developing countries in which there was an

5
Descriptive evidence on the importance of these types of contracts in the Chilean
labor market can be found in a cross-section household survey, which is representative at
the national level, called the Socio-Economic Characterization Survey (CASEN). The
main facts that arise from this data are: (1) temporary contracts are important even for
skilled workers (they represent 35% of all jobs), (2) temporary contracts are important
regardless of worker age (the share of these contracts is roughly constant across age
groups), (3) temporary contracts last on average less than permanent contracts but more
than 12 months (over 100 months for permanent contracts vs. close to 40 months for
temporary contracts), (4) workers with permanent contracts earn more on average
(almost 60% more), but there are also workers with temporary contracts earning high
wages, (5) temporary contracts have a higher prevalence in some sectors, particularly
among the unskilled workers (such as construction, agriculture and mining).
6
A job with a ﬁxed-term contract lasts for 12 months, can be renewed for 12 more
months and can be converted to a permanent contract upon its expiration date, at no
cost.
7
These types of temporary contracts, as opposed to the ﬁxed-term contracts, do not
have restrictions on the contract length, on the renovation and on the conversion to a
permanent contract.
8
For example, in the case of the Chilean labor market, ﬁxed-term contracts represent
only 13% of temporary contracts, and in the case of the Mexican labor market, the
proportion of ﬁxed-term contracts is even lower, 9.3%.
9
Another modelling alternative is to assume, as in Cao et al. (2011), that there is one
productivity distribution and the ﬁrm chooses the type of contract after observing the
productivity. This approach implicitly assumes that the production technology is the
same for both types of jobs and generates that permanent workers will always have
higher productivities than temporary workers in equilibrium. However, even if the
productivity distributions do not have common support, the fact that permanent jobs are
more costly than temporary jobs, in a ﬂow sense, it is still possible to have overlapping
wages (that is, workers earning more in temporary jobs than in permanent ones).
Therefore, in the end, the diﬀerence between both approaches, that used in this paper
and Cao et al. (2011), lies in the assumption regarding the production technology used in
the diﬀerent types of jobs.

4
In the model, the distinction between the two types of contracts is related to the
degree of ﬂexibility and not to the degree of formality (or informality) of the labor
market. In this paper, both types of contracts are related to formal jobs.
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Only unemployed workers search for jobs, that is, there is no on-thejob search in the model.
The main diﬀerences between permanent and temporary contracts
are due to employment protection legislation and productivity gains.
On one hand, permanent contracts are related to regular jobs, for
which there is no speciﬁed term in the contract and there is job
protection in the form of ﬁring costs. On the other hand, workers with
permanent contracts are subject to idiosyncratic productivity shocks,
which can be positive or negative. Positive shocks are interpreted as
productivity gains12, while negative shocks can lead to a destruction of
the worker-ﬁrm match, implying that permanent contracts are subject
to endogenous job destruction.
Additionally, temporary contracts are broadly deﬁned as contracts
characterized by a deﬁned-duration and for which the duration is
speciﬁc to the contract. This implies that these contracts can last a
ﬁnite number of periods (possibly more than a year) and two contracts
can diﬀer in their durations. These two features generate nonstationarity in the decision rules and introduce heterogeneity in
contract durations, which complicate considerably the theoretical and
empirical analysis. To avoid these complications, the modelling strategy follows Wasmer (1999) and takes a shortcut assuming that
temporary contract jobs are subject to exogenous termination shocks,
and that its average duration is interpreted as that of the temporary
contracts in the economy. In particular, temporary contracts can be
terminated, at no cost, because the maximum duration expires or due
to a destruction shock; both cases are treated as an exogenous
termination. Finally, it is assumed that, in some cases, ﬁrms can
transform this type of contract into a permanent contract upon
termination. Because both types of jobs are technologically diﬀerent,
the transition from a temporary to a permanent contract is interpreted
as an occurrence of a reallocation shock.
The introduction of ﬁring costs, in the form of severance tax
payments, has important implications on wage determination, since
ﬁring costs change the threat point in the Nash bargaining game. In
particular, if a ﬁrm with a permanent contract meets a worker, then
they bilaterally bargain the wage; if the job is not created (due to a bad
productivity draw) then both the worker and the ﬁrm continue the
searching process without any severance tax payment. However, if a
worker is currently employed with a permanent contract and he
receives a productivity shock, then the worker and the ﬁrm engage in
a wage renegotiation process. In this case, the ﬁrm has to pay the
severance tax if the job is destroyed; therefore, the bargaining position
of the worker is better (the outside option of the ﬁrm is diﬀerent in both
cases). Following the same terminology as in Pissarides (2000), a newly
hired worker is called an outsider worker, while a continuing employee
is called an insider worker. Additionally, payroll taxes exist on both
sides of the market. As in Albrecht et al. (2009), and to simplify the
analysis, it is assumed that the collected taxes, both payroll and
severance, are not redistributed among workers and are just thrown
into the ocean.
It is important to mention that the distinction between the two
types of contracts is related to the degree of ﬂexibility and not to the
degree of formality (or informality) of the labor market. Both types of
contracts are related to formal jobs13.

used in this paper, it is possible to have diﬀerent contract lengths for
diﬀerent temporary jobs, making it necessary to follow a distribution of
those durations. These two features greatly complicate both the
theoretical and empirical analysis because it is necessary to follow a
distribution of non-stationary decision rules. To avoid this complication, this paper follows Wasmer (1999) in choosing a shortcut and
modelling temporary contracts as regular jobs but interpreting the
inverse of the hazard rate out of temporary jobs as the average contract
length associated with temporary contracts10.
In the estimation process there are observed heterogeneity controls
because there is evidence that the wage gap between temporary and
permanent jobs depends on education and gender (Felgueroso and De
la Rica, 1999). In particular, the sample used in this paper is comprised
of unskilled male workers (without a college degree), since the higher
wage gaps are usually found in the bottom of the distribution (Bosio,
2009).
The results obtained show that the availability of temporary
contract jobs increases and its share in the labor market becomes
more important as labor protection of regular jobs increases. This
result is consistent with the idea that ﬁrms use this type of contracts to
reintroduce ﬂexibility when there is an increase in ﬁring costs.
Moreover, the existence of temporary contracts oﬀset the positive
eﬀect of labor protection on unemployment and therefore labor
protection generates a substitution eﬀect between contracts.
Additionally, inequality is very persistent and labor protection is not
an eﬀective labor market policy in this respect. Finally, temporary
contracts increase ﬂexibility and make workers and ﬁrms better oﬀ.
Welfare gains from temporary contracts become larger as labor
protection gets very stringent. This is a steady-state result and it could
be magniﬁed if any cushion eﬀect on business cycles is taken into
account.
The paper is organized in the following manner. Section 2 presents
the search and matching model and deﬁnes its steady-state equilibrium. Section 3 describes the data used in the estimations and the
procedure followed to obtain the estimation sample. Section 4 presents
the estimation method, discusses the identiﬁcation strategy, and
reports the estimation results. Section 5 contains the counterfactual
and policy experiments, and ﬁnally, Section 6 concludes.
2. The model
This section describes the model setup and the determination of the
steady state equilibrium. The model is an extension of Mortensen and
Pissarides (1994) in which it is assumed that both temporary and
permanent contracts coexist and its availability in the market is
determined endogenously as part of the equilibrium11. It is assumed
that time is continuous and that the economy is populated by inﬁnitely
lived workers, who are risk neutral and ex-ante homogenous. There is
also a continuum of ﬁrms that produce their output with a ﬁxedcoeﬃcient technology using only labor as input. In addition, it is
assumed that the labor market environment is stationary and that the
search process is random. Search frictions are characterized by a
matching function, which depends on the overall market tightness
and the proportion of available vacancies in each type of contract. The
model further assumes that there are two invariant worker-ﬁrm
productivity distributions: one for each type of contract. Once a ﬁrm
meets a worker, a match-speciﬁc productivity, conditional on the type
of contract, is drawn from the relevant productivity distribution,
previously mentioned, and wages are determined by Nash bargaining.

12
In particular, these productivity gains can be interpreted as human capital
investments, which exist in this type of contract given the incentives provided by a
permanent contractual relation (Heckman and Pages, 2000).
13
Even though informality is not considered in the model, information about
potentially informal workers is not dropped in the estimation and its labor market
outcomes are considered for estimation purposes. In terms of magnitude, if informality is
deﬁned as if the worker has a signed contract or not, less than 9% of the workers in the
sample are considered informal workers (more than 60% of these workers are in
temporary jobs).

10
In the case of ﬁxed-term contracts, the hazard rate should produce an average
duration of 12 months.
11
Aside from being the standard tool in the literature for labor market policy analysis
(Albrecht et al., 2009), the model in Mortensen and Pissarides (1994) studies the
interaction between labor market protection and endogenous job destruction, which is
particularly relevant for the analysis in this paper.
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2.1. Workers' value functions

rWIP(x ) = wIP(x )(1 − τP ) + λP ∫ * WIP(x′)fP (x′)dx′
xIP

* )U − λPWIP(x )
+ λPFP(xIP

At any point in time, workers can be in any one of the following four
states: unemployed, employed as a new hire with a permanent contract
(indexed by OP, outsider permanent), a continuing employee with a
permanent contract (indexed by IP, insider permanent), and employed
as a new hire with a temporary contract (indexed by T). Let u be the
rate of unemployment, and vP and vT be the job vacancy rates with
permanent and temporary contracts, respectively. Therefore, the total
vacancy rate is v = vP + vT . If the population is normalized to 1, then
the rates at which workers and ﬁrms potentially match are m(u , vP ) and
m(u , vT ), respectively; m(·) is the matching function, which is increasing
in both arguments, concave and homogeneous of degree one. Deﬁning
v +v
the overall labor market tightness as q = P u T and the proportion of
permanent contract vacancies with respect to the total number of
v
vacancies as η = v +P v , and using the homogeneity property of the
P
T
matching function, it is possible to write the rates at which unemployed
workers meet job vacancies with permanent and temporary contracts
m[u, v ]
m[u, v ]
as αwP = u P = m[ηq] and αwT = u T = m[(1 − η)q], respectively14. It
is assumed that only unemployed workers search for a job (there is no
on-the-job search).
When a worker meets a vacancy, there is a match-speciﬁc productivity. Let Fi (x ) be the invariant worker-ﬁrm productivity distribution,
for i = P, T , from which the productivity x is drawn. Not all meetings
create a job because not all workers draw a high enough productivity to
make the match worthwhile. Only draws higher than the reservation
* ) or higher
productivity of new hires under permanent contracts (xOP
than the reservation productivity under temporary contracts (xT*) end
up with a job creation for each type of contract. Let U be the value of
unemployment, WOP(x ) be the value of employment for a new hire under
a permanent contract, and WT (x ) be the value of employment for a
worker hired under a temporary contract. Therefore, the ﬂow value of
unemployment is expressed as:

rU = b + αwP ∫

∞

*
xOP
∞

An outsider worker with a permanent contract in a job with
productivity x receives an after payroll tax wage rate of wOP(x )(1 − τP ).
A productivity shock arrives at a Poisson rate λP . If the new productivity
* , then the worker remains
x′ is above the reservation productivity xIP
employed, but he is now an insider worker with a capital gain or loss of
WIP(x′) − WOP(x ). There is the possibility of productivity gains if x′ > x .
On the contrary, if the new productivity is below the reservation
productivity, then the worker becomes unemployed and the capital loss
is U − WOP(x ). If an insider worker with a permanent contract continues
as an employee, then he receives an after-payroll-tax wage rate of
wIP(x )(1 − τP ) and a capital gain or loss of WIP(x′) − WIP(x ); but if the job
is terminated, then the capital loss for the worker is U − WIP(x ).
When a worker is employed with a temporary contract, the ﬂow
value is:

rWT (x ) = wT (x )(1 − τT ) + λR ∫

WOP(x′)fP (x′)dx′

* )]U − (λT + λR )WT (x )
+ [λT + λRFP(xOP

(4)

In this case, a worker with a temporary contract and productivity x,
receives an after-payroll-tax wage rate of wT (x )(1 − τT ). He loses his job
and becomes unemployed at a Poisson rate λT with a consequent
capital loss of U − WT (x ). Finally, at Poisson rate λR his job is terminated
but instead of going directly to unemployment, the worker has the
possibility to immediately meet a ﬁrm with a permanent contract and
draw a new productivity15. If that productivity is high enough (higher
* ), then the worker becomes a new
than the reservation productivity xOP
hire with a permanent contract and generates a capital gain of
WOP(x ) − U , otherwise he becomes unemployed and starts the searching process again16.
2.2. Firms' value functions

JOP(x ) and JIP(x ) are deﬁned as the values of a ﬁlled job for a new hire
(outsider) and a continuing employee (insider), both under permanent
contracts, respectively. Similarly, JT (x ) is deﬁned as the value of a ﬁlled
job under a temporary contract. Also, let VP and VT be the values of
creating a vacancy for each type of contract, permanent and temporary
respectively. Using these deﬁnitions, the ﬂow values of a ﬁlled job
under a permanent contract can be written as:

(1)

T

While unemployed, individuals receive a utility (or disutility) b
interpreted as the ﬂow income, which is equivalent to the value of
leisure. At rate αw P, a worker meets a vacancy with a permanent
contract, and if a job is created then there is a capital gain of
WOP(x ) − U . Similarly, a worker meets a vacancy with a temporary
contract, at rate αw T, and when the job opportunity is taken there is a
capital gain of WT (x ) − U .
In order to write the ﬂow value of employment under a permanent
contract, and according to the previous discussion regarding the eﬀect
of ﬁring costs on wages, it is necessary to distinguish between a new
hire (outsider) and a continuing employee (insider), both under
* be the value of employment
permanent contracts. Let WIP(x ) and xIP
and the reservation productivity, respectively, for a continuing employee under a permanent contract. The ﬂow value of an outsider worker
with a permanent contract and current productivity x can then be
written as:

* )(VP − JOP(x ) − Ψ )
rJOP(x ) = x − wOP(x )(1 + ϕP ) + λPFP(xIP
∞

+ λP

{JIP(x′) − JOP(x )]}fP (x′)dx′

(5)

and

* )(VP − JIP(x ) − Ψ )
rJIP(x ) = x − wIP(x )(1 + ϕP ) + λPFP(xIP
∞

+ λP ∫ * {JIP(x′) − JIP(x )}fP (x′)dx′
x
IP

(6)

Firms using permanent contracts receive a ﬂow output of x and pay
an after payroll tax wage rate of wOP(x )(1 + ϕP ) if a worker is an
outsider, and wIP(x )(1 + ϕP ) if he is an insider. In this setup, both the
employer and the employee pay payroll taxes, making it possible to

∞

xIP

* )U − λPWOP(x )
+ λPFP(xIP

∫x*

IP

rWOP(x ) = wOP(x )(1 − τP ) + λP ∫ * WIP(x′)fP (x′)dx′
(2)

15
The assumption that transitions from temporary to permanent jobs occur upon
termination is supported by the data, because when workers are asked to provide the
reason for termination of the current (temporary) job, more than 85% of those who
changed to a permanent job stated that the contract expired or that they were ﬁred.
Moreover, less than 10% explicitly stated that they left their current job for a better job.
16
Even though the reallocation shock is introduced in the model to account for those
temporary jobs that are converted to permanent jobs, it is assume that the worker draws
a new productivity because it is not posible to identify (in the data) which of the job-tojob transitions occur with the same employer. Hence, the reallocation shock captures any
transition from a temporary to a permanent job.

while the ﬂow value of an insider worker with a permanent contract can
be expressed as:

14
In an analogous way, the rates at which vacancies meet workers for both types of
m[(1 − η)q]
m[ηq]
and αeP =
. Alternatively: α wP = ηqαeP and
contracts can be stated as: αeP =

ηq

∞

*
xOP

{WOP(x )−U}fP (x )dx

+ αwT ∫ * {WT (x )−U}fT (x )dx
x

α wT = (1 − η)qαeT .

(3)

(1 − η)q
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diﬀerentiate the source of the tax payment. There are two possible
outcomes when there is a productivity shock. First, for any productivity
greater than the reservation productivity the ﬁrm continues producing
and the capital gains or losses are JIP(x′) − JOP(x ) and JIP(x′) − JIP(x ) for
an outsider and an insider worker, respectively. Second, if the shock is
suﬃciently bad, that is, the new productivity has fallen below the
reservation productivity, then the worker is dismissed and the ﬁrm has
to pay the severance tax (Ψ). In this case, the capital loss, VP − Ji(x ) − Ψ
for i = IP, OP , takes into account that the ﬁrm now has an unﬁlled
vacancy and has to pay the severance tax.
In turn, the ﬂow value of a ﬁlled job under a temporary contract is:

rJT (x ) = x − wT (x )(1 + ϕT ) + (λT + λR )(VT − JT (x ))

rVP = − kP +

(7)

{JOP(x ) − VP}fP (x )dx

(12)

max (WIP(x )−U ) βP (JIP(x )−VP + Ψ )1− βP

{wIP(x )}

max (WT (x )−U ) βT (JT (x )−VT )1− βT

(8)

{JT (x ) − VT }fT (x )dx

From the worker's point of view, the threat point is simply the value
of breaking the contract, which is the value of unemployment. From the
ﬁrm's point of view, the threat point is the value of continued search,
and it diﬀers depending on the type of contract and whether the worker
is an outsider or an insider. If an unemployed worker meets a ﬁrm with
a permanent contract (the worker becomes a new hire or an outsider if
the job is formed), then the threat point in the bargaining process is the
value of an unﬁlled vacancy (VP ) since the ﬁrm does not have to pay the
severance tax if the worker is not hired. On the other hand, if a ﬁrm is
bargaining the wage with a continuing permanent contract employee
(an insider), then the threat point is VP − Ψ because the ﬁrm ends up
with an unﬁlled vacancy and the obligation to pay the severance tax if
the worker is dismissed. Finally, if an unemployed worker meets a ﬁrm
with a temporary contract, the threat point is simply the value of an
unﬁlled vacancy for this type of contract (VT ). The total surplus from a
match for i = OP, IP, T (Si(x )) is deﬁned as the sum of the values to the
ﬁrm and the worker net of their values of continued search and payroll
taxes. Therefore:

(9)

T

To keep the vacancies while searching, ﬁrms pay a per-period ﬁxed
cost of kP and kT , according to the type of contract, permanent and
αP

temporary, respectively. At rate αeP = ηqw , ﬁrms with a permanent
contract job meet workers, and if the realized match-speciﬁc produc* of a
tivity is good enough (greater than the reservation productivity xOP
new hire with this type of contract), then the vacancy is ﬁlled and the
ﬁrms have a capital gain of JOP(x ) − VP . In the case of ﬁrms with a
αT

temporary contract job, meetings occur at rate αeT = (1 −wη)q and the
capital gain for the ﬁrms is JT (x ) − VT if the job is created.
2.3. Steady-state equilibrium
The steady-state condition requires that both: (1) the ﬂow into jobs
with permanent contracts, coming either from unemployment or
temporary jobs, is equal to the ﬂow out of permanent contract jobs:

(1 − τP )

SOP(x ) = (WOP(x )−U ) +
SIP(x ) = (WIP(x )−U ) +

* )]u + λR[1 − FP(xOP
* )]eT = λPFP(xIP
* )eP
αwP[1 − FP(xOP

ST (x )

and (2) the ﬂow into jobs with temporary contracts is equal to the ﬂow
out of these jobs:

= (WT (x )−U ) +

(1 + ϕP )

(JOP(x )−VP )

(1 − τP )
(J (x )−VP
(1 + ϕP ) IP

+ Ψ)

(1 − τ T )
(J (x )−VT )
(1 + ϕT ) T

The solutions of the above optimization problems split the total
surplus in ﬁxed proportions at all points in time and at all x ≥ xi* for
i = OP, IP, T . In each case, the proportions of the total surplus that
goes to the workers are:

αwT [1 − FP(xT*)]u = (λT + λR )eT
Combining the last two equations and using the fact that
eP + eT + u = 1 makes it possible to ﬁnd expressions for the unemployment rate (the Beveridge curve) and the employment rates in temporary and permanent contract jobs. To reduce notation lets deﬁne the
hazard rate out of the state i and going to the state j (hij ) as:

hUP =

hPU hUT
hUPhT + hPU hUT + hPU hT + hTPhUT

max (WOP(x )−U ) βP (JOP(x )−VP )1− βP

∞

∫x*

eT =

{wT (x )}

OP

rVT = − kT + αeT

(11)

{wOP(x )}

∞

∫x *

hUPhT + hTPhUT
hUPhT + hPU hUT + hPU hT + hTPhUT

The next step in ﬁnding the equilibrium is deﬁning how wages are
determined. Since workers and employers meet on a bilateral basis,
wages are determined in a bargaining process between both parties
once the match-speciﬁc productivity is realized. As is a common
practice in the literature, the generalized axiomatic Nash bilateral
bargaining outcome is used to determine wages (Mortensen and
Pissarides, 1999a). If βP and βT are the worker's relative bargaining
power parameters when he faces an employer oﬀering a permanent and
a temporary contract, respectively, the diﬀerent wage rates solve the
following optimization problems (according to the type of contract and
if the worker is an outsider or an insider)17:

Firms using temporary contracts receive a ﬂow output of x and pay
an after payroll tax wage rate of wT (x )(1 + ϕT ). It is assumed that the
payroll taxes diﬀer with the types of contracts. When there is either a
termination shock or a reallocation shock the match is destroyed at no
cost, generating a capital loss of VT − JT (x ) to the ﬁrm. Thus, the ﬁrm
engages once again in the search process.
Finally, the ﬂow values of unﬁlled vacancies for both types of
contracts are:

αeP

eP =

WOP(x )−U = βP SOP(x )
WIP(x )−U = βP SIP(x )
WT (x )−U = βT ST (x )

(13)

while the ﬁrms obtain:

* )]
αwP[1−FP(xOP

* )]
hTP = λR[1−FP(xOP
*)
hPU = λPFP(xIP

JOP(x )−VP

hUT = αwT [1−FP(xT*)]
hT = λT + λR

= (1−βP )

(1 + ϕP )
S (x )
(1 − τP ) OP

JIP(x )−VP + Ψ = (1−βP )

(1 + ϕP )
S (x )
(1 − τP ) IP

JT (x )−VP

(1 + ϕT )
S (x )
(1 − τ T ) T

= (1−βT )

(14)

and therefore:

u=

hPU hT
hUPhT + hPU hUT + hPU hT + hTPhUT

17
Wages are bargained when an unemployed worker meets a ﬁrm (outsider
permanent or temporary) and when a shock arrives (insider permanent).

(10)
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* ∈  . Note
* )| < π for all xIP
number π ≤ 1 such that the derivative |T ′(xIP
* ) > 0 , which is true
* ) = λP (1 − FP(xIP
* )) < π ≤ 1 if r + λPFP(xIP
that T ′(xIP
r + λP
given the possible values of the model parameters. The direct application of the contraction mapping theorem implies that the equation
* = T (xIP
* ) has a unique solution in  20.
xIP
In the same way, the ﬂow value of an outsider permanent worker,
the wage equation, the deﬁnition of total surplus, and the condition
* ) = 0 can be used to ﬁnd an expression for the reservation
S (xOP
productivity of this type of worker. Additionally, Eq. (19) can assist
in writing the resulting expression as:

Using Eqs. (13) and (14) to rewrite the ﬂow values of workers and
ﬁrms, Eqs. (1) to (7), in terms of the total surplus, and making the
appropriate substitutions, it is easy to show that the wage equations
are:

βP (x − λPΨ ) + (1 − βP )
wOP(x ) =

(1 + ϕP )
(1 − τP )

rU

(1 + ϕP )

βP (x + rΨ ) + (1 − βP )
wIP(x ) =

(15)

(1 + ϕP )
(1 − τP )

rU

(1 + ϕP )
βT x + (1 − βT )

wT (x ) =

(16)

* = xIP
* + (λP + r )Ψ
xOP

(17)

* ≥ xIP
* , which once again reﬂects the better bargaining
Note that xOP
* is uniquely determined, so
position of the insider worker. Also, since xIP
* . Finally, the ﬂow values of temporary contracts and the wage
is xOP
equation, together with the deﬁnition of the total surplus and the
condition S (xT*) = 0 , generate:

⎞
(1 + ϕT ) ⎛
∞
⎜rU − λR ∫ * (WOP(x′) − U )fP (x′)dx′⎟
xOP
⎠
(1 − τT ) ⎝
(1 + ϕT )

Eqs. (15) and (16) are very similar to those found by Albrecht et al.
(2009). The only diﬀerence is that, in this paper, workers also pay
payroll taxes. In all cases, the wage is a weighted average of the matchspeciﬁc productivity (adjusted by the severance tax in the case of
permanent workers) and the worker's outside option (the ﬂow value of
βP(λP + r )
unemployment). Since wOP(x ) = wIP(x ) − (1
Ψ and given that
+ϕ )

xT* =

P

SIP(x ) =
ST (x )

=

kP =

kT =

* (1 − τP )
x − xOP
r + λP (1 + ϕP )
* (1 − τP )
x − xIP
x − xT* (1 − τT )
r + λT + λR (1 + ϕT )

(1 − τP )

rU − rΨ −

m[ηq] (1 − βP )
ηq (r + λP )

∞

∫x *

* )f (x )dx
(x − xOP
P

OP

m[(1 − η)q] (1 − βT )
(1 − η)q (r + λT + λR )

∞

∫x*

(x − xT*)fT (x )dx

T

⎛ 1 − τ ⎞ ηqβ kP
⎛ 1 − τ ⎞ (1 − η)qβ kT
P
P
T
T
⎟⎟
⎟⎟
+ ⎜⎜
rU = b + ⎜⎜
⎝ 1 + ϕP ⎠ (1 − βP )
⎝ 1 + ϕT ⎠ (1 − βT )

r + λP (1 + ϕP )

(1 + ϕP )

⎞
* )f (x′)dx′⎟⎟
(x′ − xOP
P
⎠
OP
∞

∫x *

(18)

λP
r + λP

∞

∫x*

IP

* )f (x′)dx′
(x′ − xIP
P

(21)

(22)

(23)

which implicitly deﬁnes a system of equations in q and η. These last
two expressions and the deﬁnition of the total surplus can be used to
rewrite the ﬂow value of unemployment in Eq. (1) in the following way:

(24)

A formal deﬁnition of the steady-state equilibrium can now be
stated21:

At this point, a discussion on the optimality of the match formation
decision rule, which has a reservation value property, is necessary. So
far it is assumed that this decision rule is optimal. It is evident from
Eqs. (18) and (13), that both the total surplus function and the value of
employment are strictly increasing in productivity x. Since the value of
unemployment is constant, there is a reservation productivity xi* such
that Wi (x ) = U , for i = OP, IP, T . Moreover, at that productivity the
total surplus is zero (S (xi*) = 0 )19. Using the ﬂow values for an insider
worker with a permanent contract, the wage equation, the total surplus
* ) = 0 , it is possible to verify that:
deﬁnitions, and the condition S (xIP

* =
xIP

(1 + ϕT ) ⎛
λ β (1 − τP )
⎜⎜rU − R P
(1 − τT ) ⎝
r + λP (1 + ϕP )

The reservation productivity for a temporary contract is equal to the
outside option of the worker (that is, the ﬂow value of the unemployment state discounted by the expected capital gain in case of a direct
transition to a permanent contract job), adjusted for payroll taxes. As
* is uniquely determined, so is xT*.
before, since xOP
To close the model, the free-entry condition in the vacancy creation
problem for both types of contracts is used. Proﬁt maximization
requires that all rents from new job creations should be exhausted
such that the value of one more vacancy is zero, that is Vi=0 for
i = OP, T (Mortensen and Pissarides, 1994). Applying this condition to
Eqs. (8) and (9) and the deﬁnitions of total surplus in Eq. (18), the
following equations can be obtained:

(r , λP , βP , Ψ ) are all positive and 0 ≤ ϕP ≤ 1, the wage of a continuing
employee (insider) with a permanent contract is higher than that
earned by a new hire (outsider) with a similar type of contract (that is,
wIP(x ) > wOP(x )). This reﬂects the fact that a continuing employee has a
better bargaining position with respect to the ﬁrm than a new hire
because of the severance tax18. Equation (17) is slightly diﬀerent
because in the case of temporary workers, the worker's outside option
has to take into account the possibility of reallocation to a permanent
contract job. In particular, the outside option in this case is lower than
the ﬂow value of unemployment, in the expected capital gain, when
there is a direct transition to a permanent job. It also reﬂects the fact
that the worker is willing to accept a job with a lower wage because
there is a change to enhance his position in the future with a permanent
contract job.
Once again, using the workers' and ﬁrms' ﬂow values written in
terms of the total surpluses, it is straightforward to verify that:
SOP(x ) =

(20)

Deﬁnition 1. Given a vector of parameters (b, λP , λT , λR , r , βP , βT , kP, kT ),
a matching function m(·), a vector of taxes (τP, τT , ϕP , ϕT , Ψ ), and
probability distribution functions for the productivity of permanent
and temporary contracts FP(x ) and FT (x ), a steady-state equilibrium in a
dual labor market economy is a labor market tightness q and a
proportion of job vacancies with permanent contracts η , together
with reservation productivities xi* for i = OP, IP, T , unemployment
rate u and employment rates eP and eT such that:
1. Given q and η , and rU from Eq. (24), the reservation productivities
xi* for i = OP, IP, T solve Eqs. (19) to (21).
2. Given the reservation productivities xi* for i = OP, IP, T , the unemployment rate u and employment rates eP and eT satisfy Eqs. (10)
to (12).

(19)

* ) equal to the left hand side of Eq. (19). Note that
Deﬁne T (xIP
* ) is a
T:  →  and that it is diﬀerentiable. The function T (xIP
contraction on  with respect to the usual metric if there is a real

20
Note that the solution is unique given the value of rU, which is a function of the
endogenous variables q and η (as mentioned in the next subsection).
21
The algorithm to computationally implement the model comes directly from the
deﬁnition of steady-state equilibrium.

18

For a detailed discussion see Pissarides (2000), chapter 9.
19
In the case of the permanent contracts, for which the termination is endogenous,
this reservation productivity is also the destruction threshold.
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generated an average wage that is comparable with another Chilean
Household Survey25. Finally, the unemployment state is characterized
only by persons who are looking for a job, because the model does not
have data on participation decisions. To control for inconsistencies in
the histories with respect to unemployment and inactivity, the survey
questions the individuals on their labor market status, as well as
whether they were looking for a job if in the last spell they considered
themselves as unemployed. Using this data, inconsistencies in terms of
unemployment and observations in which persons were not looking for
a job were discarded. Finally, individuals with missing information on
wages, hours worked or event dates were eliminated from the sample.
These inconsistencies and missing data generates a further decrease of
6% and leaves the estimation sample with a total of 3600 individuals.
Table 1 reports descriptive statistics of the sample. In the top panel,
hourly wages are measured in U.S. dollars of 2004. They are calculated
using reported weekly hours worked and monthly wages, which are
expressed in 2004 prices using the CPI and converted to U.S. dollars
using the average exchange rate for that year. In the sample, there are
2540 workers with permanent contracts and 861 with temporary
contracts for whom there is valid information on wages. It is observed
that, on average, workers with permanent contracts earn almost 59%
more than workers with temporary contracts. Duration in each state,
which is presented in the second panel of Table 1, is measured in
months. The sample contains 199 unemployed individuals, who have
been unemployed for 1.1 years, on average26.
While 22.1% of all unemployment spells are right censored, none
are left censored. Note that the majority of the spells are complete. As
expected, permanent jobs last, on average, 3.5 times longer than
temporary jobs. In both types of jobs the employment durations show
a censoring problem at the beginning of the sample (left) and at the end
of the time span (right). In the case of permanent contract jobs, left
censored spells do not represent an important proportion of all spells.
The third panel of Table 1 shows the percentage of unemployment
spells that have transitioned from this state to each type of job. From
all unemployment spells, there is information on the transitions to
permanent and temporary contract jobs for 47 (23.6%) and 108
(54.2%) individuals, respectively. The remaining unemployment spells
are right censored for which there is no information regarding
transitions. Of all spells with temporary contract jobs, only 29
individuals (9.42%) are observed in permanent contract jobs in the
next spell. This low percentage of job to job transition is possibly
explained by the low proportion of ﬁxed term-contracts in the economy
(which are the only ones that have requirements of conversion to
permanent contract jobs) and by a sample comprised by 25 or older
workers (typically, younger workers are subject to screening by oﬀering
them a temporary job before a permanent contract job). Finally, the
bottom panel shows that there is a greater share of permanent job
contracts in the sample27.
Payroll tax and severance tax parameters are not estimated.
Instead, these parameters are obtained from the labor legislation and
the existing literature. The payroll taxes can be divided into two groups:
social security contributions and unemployment insurance. Income
taxes are not included in the value of payroll taxes because jobs under
temporary and permanent contracts are formal jobs and pay equal
income taxes. Social security contributions comprise 20% of wages

3. q and η solve the system of Eqs. (22) to (23) and are consistent with
the reservation productivities xi* for i = OP, T .
The equilibrium exists if the system of Eqs. (22) to (23) has a
solution for q and η in the third part of Deﬁnition 1, which in turn
depends entirely on the matching function (recall that xi* for
i = OP, IP, T is given in this stage). Under the assumptions made for
the matching function, particularly the one on its increasing characteristic, there is a solution possibly involving a corner solution in η. If, in
addition, it is assumed that the matching function is strictly increasing,
then that solution is unique.

3. Data
To estimate the model, this paper uses microdata on the Chilean
labor market, particularly, the longitudinal Social Protection Survey
(Encuesta de Protección Social or EPS) from the Subsecretaría de
Previsión Social (2002)22. This survey, which interviewed persons over
the age of 18 years in 2002, 2004, 2006 and 2009, builds a panel of
labor histories. In each survey, interviewers explicitly asked about the
events (states in the labor market, monthly wages and weekly hours
worked in each job) occurring in the years after the last survey in which
the individual participated. A feature that makes this survey very
attractive is its longitudinal dimension, one that is not commonly found
in Latin American countries' datasets. Even though the model to be
estimated does not have on-the-job search, which makes the data on
labor market histories in the employment state less relevant, the
longitudinal dimension provides valuable information on transitions
from the unemployment state to temporary and permanent contract
jobs and from temporary to permanent contract jobs. This is important
for the identiﬁcation strategy used in the next section.
The estimation of the search model considers the survey of 200623.
The last spells of surveys 2004 and 2002 where used to reduce (or
eliminate) the number of left censored spells. Since the model assumes
ex-ante homogeneous workers, some observed heterogeneity controls
are necessary to guarantee a certain degree of homogeneity consistent
with the model assumptions. In particular, the estimation sample
satisﬁes the following criteria: males between the ages of 25 and 55
years actively participating in the labor market and without a college
degree. Initially, there were 16443 individuals in the 2006 survey and
only 4487 had these characteristics. The literature that estimates a
search model, without on-the-job search, usually uses cross-section
samples of workers in employment and unemployment states (Eckstein
and van den Berg, 2007). Therefore, following this literature, a crosssection sample comprised of all labor market states (unemployment
and employment spells) prevailing in January 2006 was constructed,
and the transitions to temporary and permanent contract jobs were
recorded for each unemployment event. All 4487 of the initial group of
persons had spells that continued into 2006.
The sample size was further reduced due to other problems with the
data. First, double censored spells (or very long spells) in the
unemployment state cannot be used because they generate an identiﬁcation problem as discussed in the next section24. Fortunately, this
type of spell represented only 0.4% of the valid sample, and could be
discarded. Second, the sample contained unrealistically high wages.
Therefore, to avoid this outlier problem, 2.5 of the upper and lower
percentiles in wages were dropped from the sample (resulting in a
reduction of 13% of the valid sample observations). This elimination

25

CASEN 2006.
This average unemployment duration is high when compared to that of the 2006
CASEN survey, in which the average unemployment duration is only 2.7 months. It is
well known that one of the most important problems encountered when working with
self-reported data is the quality of the information, where short lived events tend to be
over reported. The problem is exacerbated when the self-reported data is retrospective as
is the case in the EPS. However, given its longitudinal dimension, which is central for the
identiﬁcation of the parameters, this paper uses the EPS, even though the CASEN has a
larger sample size and is more accurate (it is self-reported, but not retrospective).
27
The low percentage of temporary contracts underestimates the importance of
temporary workers when compared with that of the 2006 CASEN survey (Table 1).
26

22
The survey is conducted by the Microdata Center of the Economics Department at
the University of Chile with the participation of academics of the University of
Pennsylvania and the University of Michigan.
23
The 2009 survey is contaminated with the recent recession, which started in 2008.
24
The estimations use only unemployment spells with durations less than 50 months.
Eliminating some unemployment information does not aﬀect the sample representativity
because the proportion of unemployed individuals remains close to that reported in the
CASEN 2006.
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function, the hazard rate out of unemployment is deﬁned as:

(10% goes towards retirement, 7% towards health and approximately
3% towards disability) and are paid entirely by the worker (Edwards
and Edwards, 2000). On the other hand, the unemployment insurance
contribution depends on who pays the tax. In particular, workers hired
under permanent contracts pay 0.6% of their wages to the unemployment insurance, while employers contribute 1.6% towards this insurance. If a worker is hired under a temporary contract, only the
employer contributes 3% of the wages towards unemployment insurance (Fajnzylber et al., 2009).
Finally, the EPS survey contains information on the reasons for job
termination and whether a severance payment occurred or not.
Therefore, in principle it is possible to calculate the severance payment.
However, since information on wages and duration are required28, and
durations are likely to be (left-) censored, the average ﬁring cost will be
underestimated. In addition, there are other ﬁring costs that are not
considered in the data. Hence, in this paper the ﬁring cost is expressed
in terms of the average wage of permanent contract jobs, that is,
Ψ = Γw , where an estimate of Γ is obtained from external sources. The
World Bank (2005) Doing Business Project estimates a ﬁring cost of 52
weeks for Chile (Γ ≃ 12 months)29, which is in line with the ones used
in the literature for Latin American countries; for example, Bosch and
Esteban-Pretel (2012) use a proportion of 15 months of average wages
of formal jobs in the case of Brazil.

* )] + αwT [1 − F (xT*)]
hu = αwP[1 − F (xOP

(25)

In other words, the hazard rate is deﬁned as the probability that a
job is created once a worker meets an employer with any type of
contract (reﬂected as a productivity drawn from the match greater than
the reservation productivity). The hazard rate, conditional on the
model, is constant. This implies that the contribution of the unemployment duration is the density of a negative exponential random variable
with a coeﬃcient equal to the hazard rate (Flabbi, 2010). Given that the
unemployment duration is observed only for workers who are currently
unemployed, the contribution of unemployment duration has to be
weighted by the probability of being unemployed (the unemployment
rate):

fu (ti, u, i ∈ U ) = fu (ti, u|i ∈ U )Pr(i ∈ U )
= hu exp(−hutu )u

tu > 0

Using the idea of multiple-exit duration models of Bover and
Gómez (2004), it is possible to distinguish between exits from
unemployment to permanent and temporary jobs. Let the indicator
variables of exit to permanent and temporary employments be denoted
by DP = I (u → eP ) and DT = I (u → eT ), respectively. Then, it is possible
to deﬁne the following hazard rates:

* )]
huP = αwP[1−F (xOP
T
T
hu = αw [1−F (xT*)]

4. Estimation
The model is estimated by maximum log-likelihood method using
supply side information of the labor market, that is, durations in
diﬀerent labor market states and wages under temporary and permanent contracts. While this information, as pointed out by Flinn (2006),
is useful in learning about arrival and termination rates, and the
parameters that characterize the productivity distribution, it is not
useful in characterizing the vacancy creation problem. Hence, the lack
of demand side information is clearly a limitation. Since the market
tightness (q ) and the proportion of vacancies with permanent contracts
T
(η ) aﬀect only the arrival rates αP
w and α w, it is possible to estimate
them as parameters, after which q and η can be recovered by relying on
other sources of information or by making speciﬁc assumptions
regarding the matching function. Consequently, the vacancy cost
parameters can also be estimated. This is one of the alternative
identiﬁcation strategies proposed by Flinn (2006) to estimate search
and matching models with endogenous arrival rates only with supply
side information. The identiﬁcation of arrival and termination rates
and productivity distribution parameters relies on Flinn and Heckman
(1982), and since the model diﬀerentiates between insider and outsider
permanent workers, a feature that is unobserved in the data, the
estimation also relies on Flabbi (2010) strategy to identify a mixture of
distributions.

such that the hazard rate out of unemployment is hu = huP + huT .
Therefore, the contribution of unemployment duration to the likelihood function becomes:
D

D

fu (ti, u, i ∈ U ) = [huP exp( − huPtu )] P [huT exp( − huT tu )] T u

tu > 0

(26)

In turn, the hazard rate out of temporary contracts jobs, conditional
on the model, is deﬁned as hT = λT + λR , which can alternatively be
written as

* ) + λR(1 − F (xOP
* ))
hT = λT + λRF (xOP

(27)

Considering again the idea of multiple-exit duration models, it is
clear that the ﬁrst two elements of Eq. (27) correspond to the hazard
rate out of temporary jobs to unemployment, while the last term
corresponds to the hazard rate out of these jobs to permanent contract
jobs, that is:

*)
hTu = λT + λRF (xOP
P
* ))
hT = λR(1−F (xOP
Since the hazard rate out of temporary jobs does not have duration
dependence, by deﬁnition, it is posible to deﬁne the probability of
transition to a permanent job in terms of the previous hazard rates:

4.1. The likelihood function

Pr(eT → eP ) =

The data consists of unemployment durations, hourly wages and
durations in jobs with temporary and permanent contracts, transitions
from unemployment to both types of jobs, and transitions from
temporary contract jobs to permanent contract jobs that is:

hTP
hTu

+ hTP

(28)

Moreover, since the model does not explicitly incorporate on-thejob search in its structure, information on employment duration under
temporary contracts is typically not used in the estimation (Eckstein
and van den Berg, 2007). Therefore, in order to incorporate information about direct transitions in the estimation of λT and λR , Eq. (28) is
used as a constraint in the maximization of the likelihood function,
approximating Pr(eT → eP ) using the data on transitions from temporary to permanent jobs.
There are three features of the data that need to be considered in
order to derive the contribution of wages to the likelihood function.
First of all, wages are observed in the data, but productivity is not.
Secondly, observed wages are accepted wages. Finally, this information
is available only for currently employed workers. Therefore, and
following Flabbi (2010), the ﬁrst step in ﬁnding the wages contribution

{ti, u, Ii(u → eP ), Ii(u → eT )}i ∈ U ,
{wi, P , ti, eP}i ∈ EP , {wi, T , ti, eT , Ii(eT → eP )}i ∈ ET
To ﬁnd the unemployment duration contribution to the likelihood
28
If the contract lasts for more than 1 year and the employer dismisses the worker for
economic reasons, he must provide the worker with a severance payment of one wage per
year of work for up to 11 payments (Código del Trabajo, Gobierno de Chile (2001)).
29
This ﬁring cost includes the cost of advanced notice requirements, severance
payments, and penalties due when terminating a redundant worker.
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is to map the unconditional wage cumulative distribution from the
unconditional productivity cumulative distribution, and construct the
truncated version of the density of the former distribution taking into
account the optimal decisions of the agent in the model (that is, the
wage equations and reservation productivities). The second step is to
ﬁnd the corresponding wage density and weight it by the probability of
being employed (the employment rate). The wages contribution to the
likelihood function, conditional on being a newly hired worker (outsider) with a permanent contract, is30:

* ), OP )
g(wi , i ∈ EP|wi > wOP(xOP
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
fP ⎜⎜wi
−
rU + λPΨ ⎟⎟
βP
βP
βP
(1 − τP )
⎝
⎠
=
eOP
*
1 − FP(xOP )

g(wi , i ∈ ET |wi > wT (xT*), T )
(1 + ϕT ) ⎛ (1 + ϕT )
(1 − βT ) (1 + ϕT ) ⎞
j ⎟⎟
fT ⎜⎜wi
−
rU
βT
βT
βT
(1 − τT ) ⎠
⎝
=
eT
1 − FP(xT*)
(32)
where

j = rU −
rU

N

e × (1− ui )
×[g(wi , i ∈ EP|wi > wP(xP*), P, ti, eP )] i, P
1− e × (1− ui )
×[g(wi , i ∈ ET |wi > wT (xT*), T )]( i, P )

where Θ is the vector of parameters, ti, u , wi, ti, eP are unemployment
duration, wages and employment duration under permanent contracts,
respectively, ui=1 if unemployed and 0 otherwise, and ei, P = 1 if the
individual is employed with a permanent contract and 0 otherwise.
Note that the employment duration of a job with a permanent contract
indirectly contributes to the likelihood function, through the wage
contributions, and that employment duration under temporary contracts does not provide useful information to the likelihood.
The reservation productivities are endogenous variables in the
model and in order to choose the vector of parameters ΘL, the
likelihood in Eq. (33) has to be maximized, also subject to the following
equilibrium conditions:

(30)

* =
xIP

λ
(1 + ϕP )
rU −rΨ − r +Pλ
(1 − τP )
P

∞

∫x* (x′−xIP* )fP (x′)dx′
IP

* = xIP
* + (λP + r )Ψ
xOP
xT* =

+ g(wi , i ∈ E|wi > wP(xP*), IP )Pr(IP )

(1 + ϕT )
(1 − τ T )

(

λ β

(1 − τP )
P (1 + ϕP )

rU − r +R λP

∞

)

* )f (x′)dx′
∫x * (x′−xOP
P
OP

Finally, rU is also an endogenous variable in the model, but for
estimation purposes it is treated as a constant31. Therefore, b, which is
the only parameter that does not appear directly in the likelihood, is
chosen so that all equilibrium conditions are met as described below.

The probability of being a new hire (outsider) is Pr(OP ), and it
depends on the duration of the job since the worker remains an
outsider if there are no productivity shocks, but the longer the contract
lasts the more likely it is for productivity shocks to arrive. Productivity
shocks, conditional on the model, are governed by a Poisson process.
Therefore, Pr(OP ) = Pr[ receive 0 shocks in t ] = exp( − λPteP ). Also note
that Pr(IP ) = 1 − Pr(OP ). Using these probabilities, the last equation
becomes:

4.2. Identiﬁcation
The identiﬁcation strategy has three stages. The ﬁrst follows Flinn
and Heckman (1982) and Flabbi (2010) and is related to the
identiﬁcation of the parameters in the likelihood function (Eq. (33)),
which are the job arrival rates (αwP , αwT ), the productivity and termination shock arrival rates (λP , λT ), the reservation productivities
* , xIP
* , xT*), the ﬂow value of unemployment (rU), and the parameters
(xOP
governing the productivity distributions (FP(x ), FT (x )).32.
Following Flinn and Heckman (1982), a necessary condition for the
identiﬁcation of the parameters in the likelihood function is the
recoverability condition of the productivity distribution. Under this
condition, the entire wage distribution, and thereby the productivity
distribution, should be uniquely recoverable from a truncated distribution with a known truncation point. In addition, according to Flabbi
(2010) the necessary condition to identify a mixture of two truncated
distributions, such as the likelihood contribution of permanent workers, discussed in the previous subsection, is that the productivity
distribution belongs to a location-scale family. In this paper, it is
assumed that the match-speciﬁc productivity in both types of contracts

g(wi , i ∈ EP|wi > wP(xP*), P, ti, eP )
⎡
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
⎢ exp( − λPti, e )
fP ⎜⎜wi
−
rU + λPΨ ⎟⎟
P
⎢
βP
βP
βP
(1 − τP )
⎝
⎠
= ⎢
1 − G(wP(xP*)|P, OP )
⎢
⎢
⎣
⎞⎤
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
fP ⎜⎜wi
−
rU − rΨ ⎟⎟ ⎥
βP
βP
βP
(1 − τP )
⎝
⎠⎥
⎥eP
1 − G(wP(xP*)|P, IP )
⎥
⎥
⎦

(31)
which is a mixture of two truncated distributions with a weight equal to
the probability of being an outsider worker. The construction of the
likelihood contribution of wages, conditional on being a temporary
worker, follows the procedure described above and can be written as:
30

(33)

L

g(wi , i ∈ EP|wi > wP(xP*), P ) = g(wi , i ∈ E|wi > wP(xP*), OP )Pr(OP )

+

* )f (x′)dx′
(x′ − xOP
P

OP

L (Θ L ; w, t ) = ∏i =1 [fu (ti, u, i ∈ U )]ui

(29)

Eqs. (29) and (30) are conditioned on observing wages for new
hires and for continuing employees, both under permanent contracts.
However, information to identify the type of permanent worker is not
available in the data. Therefore, one additional step in the construction
of the likelihood contribution of wages is necessary for this type of
contract. To remove the condition of whether the worker with a
permanent contract is an outsider or an insider (considering that
* ) = wOP(xOP
* ) = wP(xP*)), the following expression is used:
wIP(xIP

(1 − exp( − λPti, eP ))

∞

∫x *

Using the densities in Eqs. (26), (31), and (32), the likelihood
function is:

On the other hand, the wages contribution to the likelihood
function, conditional on being a continuing employee (insider) with a
permanent contract, is:

* ), IP )
g(wi , i ∈ EP|wi > wIP(xIP
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
fP ⎜⎜wi
−
rU − rΨ ⎟⎟
βP
β
β
(1
−
τ
)
⎝
⎠
P
P
P
=
eIP
*)
1 − FP(xIP

λRβP (1 − τP )
r + λP (1 + ϕP )

31
This is a common practice in the literature. See, for example, Eckstein and van den
Berg (2007).
32
The formal proof of identiﬁcation for the ﬁrst stage of the strategy is presented in
Appendix B.

The detailed derivations of the likelihood contributions are presented in Appendix

A.
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parameter, instead it is assumed that βP = βT = β = 0.5. The equal
bargaining power assumption between workers with permanent and
temporary contracts, βP = βT , can be justiﬁed by the non discrimination
principle mentioned in Cahuc and Postel-Vinay (2002); and β = 0.5,
which is the common solution in the applied literature, arises when the
discount rate is the same for workers and ﬁrms33. Furthermore,
although r enters the likelihood function directly and not only through
rU, it is not possible to identify all other parameters if this parameter is
included in the estimation. Therefore, as is frequently done in applied
micro-studies, r is also set exogenously (Eckstein and van den Berg,
2007). In the particular case of Chile, r is deﬁned as 0.005334.
The second stage follows Flinn (2006) and is related to the
identiﬁcation of the demand side parameters, which in the case of this
model consists of the matching function, m(·), and the cost of posting
vacancies, (kP ,kr ). Without directly available information about vacancies, vP and vT , any additional parameters in the matching function m(·)
cannot be identiﬁed. This is an important result since knowledge of the
m(·) function is suﬃcient to identify the cost of the vacancy parameters,
kP and kT .
There are two alternative ways to identify the matching function.
One relies on speciﬁc assumptions on its functional form and the other
relies on the value of any additional parameters in the function. The
ﬁrst, proposed by Flinn (2006), consists of using a matching function
that does not contain any unknown parameters. A good option, which
fulﬁlls the assumptions made in Section 2, is the exponential matching
function m(u , v ) = v(1 − e−u / v )35. The second consists of using external
sources to obtain estimates of a Cobb-Douglas matching function
parameter36. For the case of the Chilean labor market, the elasticity
of the matching function was estimated using the procedure proposed
by Borowczyk-Martins et al. (2013), and time series on vacancies,
unemployment and arrival rate of jobs37. The resulting matching
function is: m(u , v ) = u 0.1745v 0.8255. In any case, once the matching
function is identiﬁed, all demand side parameters are identiﬁed.
Identiﬁcation and (consistent) estimation of the parameters
q , η, kP, kT and b build on the consistent estimators of the parameters
* , λP , λT , r , xIP
* , xT* in the following way. First, η and q solve
αwP , αwT , xOP
T
P
αlw = m[ηq] and αlw = m[(1 − η)q] provided that the matching function
m(·) is identiﬁed. Second kP and kT solve:

0

2

4

6

Hourly Wage (US dollars)
Permanent Contract

Temporary Contract

Fig. 2. Sample Wage Densities by Type of Contract.

is log-normally distributed with mean μix and standard deviation σix for
i = P, T , that is:

⎛ ln(x ) − μi ⎞
x⎟
Fi (x ) = Φ⎜⎜
⎟;
σxi
⎝
⎠

i = P, T

where Φ is the standard normal cumulative distribution function. The
log-normal distribution meets the recoverability condition (Eckstein
and van den Berg, 2007) and belongs to a log location-scale family
where μix is the location parameter and σix is the scale parameter
(Flabbi, 2010; Flinn, 2006).
Given the assumed match-speciﬁc productivity distributions, the
identiﬁcation of all the parameters in the likelihood rely on information
regarding the transitions from unemployment to both types of jobs, the
steady state equilibrium conditions Eqs. (10) to (12), the transitions
from temporary to permanent jobs and Eq. (28), the equilibrium
conditions that determine reservation productivities Eqs. (19) to (21),
the diﬀerences between wage distributions of permanent and temporary contract jobs (their location and scale parameters), and the
diﬀerences between the wage distributions of permanent contract jobs
with diﬀerent tenures (their location and scale parameters). In the case
of the Chilean labor market, Figs. 2 and 3 show that the diﬀerences, by
type of contract and by tenure, are important and can be exploited in
the estimation.
Two parameters of the model, β and r, are not estimated but are set
exogenously. As pointed out by Eckstein and Wolpin (1995) and Flinn
(2006) the Nash bargaining coeﬃcient β is diﬃcult to identify without
demand side information. This paper does not attempt to identify this

m[ηlql ] (1 − βP )
ηlql (r + λlP )

kT =

m[(1 − ηl )ql ] (1 − βT )
(1 − ηl )ql (r + λlT )
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OP

∞

∫xl* (x−xlT*)fT (x )dx
T

Discussed in Flabbi (2010).
This rate represents 6.5% in annualized terms (see, for example, Fuenzalida and
Mongrut, 2010).
35
This matching function can be justiﬁed by the presence of coordination failures in
the labor market. However, despite its theoretical justiﬁcation, this matching function
generates implausible level and duration of unemployment for which it is, empirically,
not a good approximation (Petrongolo and Pissarides, 2001).
36
This alternative is attractive because the Cobb-Douglas matching function with
constant returns to scale has had empirical success (Petrongolo and Pissarides, 2001).
The drawbacks are the lack of micro-foundation of this matching function and the use of
external estimates.
37
In the estimation, quarterly observations of the job ﬁnding rate and the labor
market tightness, for the 1992–2008 period, was used. The former was calculated using
the Chilean National Employment Survey (ENE) and following the methodology
proposed by Shimer (2012). The labor market tightness was calculated using data on
unemployed workers (also available in the ENE survey) and the vacancies index
published by the Central Bank of Chile. The base model is ft = at + γqt , where ft is the
logarithm of the arrival rate, qt is the logarithm of the market tightness, at is the
logarithm of the level parameter of the matching function, and γ is the parameter of
interest. As in Borowczyk-Martins et al. (2013) it is assumed that the at follows
p
q
at = μ + εt with εt = ∑i =1 ρi εt − i + ∑ j =1 θjωt − j . Using the last expression and the matching
q
p
p
function, the estimation equation is ft = υ + ∑i =1 ρi ft − i + γqt + ∑i =1 λiqt − i + ∑ j =1 θjωt − j
with υ = (1 − ∑ip=1 ρi )μ . Using statistical signiﬁcance of the parameters and the information criteria the chosen model was p=2 and q=2.

0

2

* )f (x )dx
∫xl* (x−xlOP
P

Finally, once all the above parameters are identiﬁed, b can be
recovered using the equilibrium condition:

34
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Fig. 3. Sample Wage Densities for Permanent Contracts by Tenure.
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⎛
⎞ ηlqlβ klP
⎛ 1 − τ ⎞ (1 − ηl )qlβ klT
P
T
T
m − ⎜⎜ 1 − τP ⎟⎟
⎟⎟
− ⎜⎜
b = rU
⎝ 1 + ϕP ⎠ (1 − βP )
⎝ 1 + ϕT ⎠ (1 − βT )

censored unemployment spells in the sample, this article only describes
right censoring correction. Let cri be indicator variables taking the value
of 1 if the unemployment spell is right censored and zero otherwise.
The likelihood contribution of a complete unemployment spell is:

4.3. Econometric issues

fu (ti, u, i ∈ U , cir = 0) = hu exp( − hutu )u

Three econometric issues arise in estimating the model: (1)
measurement error in wages, (2) censoring in unemployment duration
data, and (3) censoring in employment duration data. This subsection
explains how each of these issues are dealt with.
Measurement error in wages is incorporated in the estimation
procedure for two reasons. First, it is very likely that wages are
measured with error since the wage data is self reported and it includes
wages from past years38. Second, and most important, it is not possible
to estimate the reservation productivities using the lowest observed
wage in both types of contracts, in the spirit of Flinn and Heckman
(1982), because the mapping between the reservation productivity and
the reservation wage, in the case of permanent jobs, depends on other
parameters to be estimated (the relations are implied in the equilibrium conditions). This problem is critical because the reservation
productivities are the truncation parameters in the accepted wage
distributions. Therefore, changing these parameters in the maximization process of the likelihood function changes its support, which
violates one of the regularity conditions39. A way to avoid this problem
is to introduce measurement error. Following Flinn (2002) and Flabbi
and Leonardi (2010), it is assumed that the measurement error is
multiplicative, and therefore the observed wage wo can be expressed
as:

while the likelihood contribution of a right censored unemployment
spell is:

fu (ti, u, i ∈ U , cir = 1) = Pr[T > tu] = exp( − hutu )u

r

× [fu (ti, u, i ∈ U , cir = 1)]u × ci

1
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1
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gwTo(wio ) = ∫
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wio
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i

P

i
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i

T

P

wi

⎡
1
× ⎢∫ * w
⎣ wT (xT ) i

wio
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(1 + ϕP )
(1 − τP )

eP ×(1− u )

i

P

i

P

i

T

i

T

P

i

(1− ep ) ×(1− u )

T

i

∞

λ
* )f (x′)dx′
rU −rΨ − r +Pλ ∫ * (x′−xIP
P
x

Pr(eT → eP ) =

P

IP

* ))
λR(1 − F (xOP
λT + λR

The last econometric issue is related to the censoring problem in the
employment duration data. In this paper, only employment spells of
jobs with permanent contracts are relevant. Recall that employment
duration indirectly contributes to the likelihood function through the
wage contribution, because it aﬀects the probability of being an
outsider (that is, Pr(OP ) = Pr[ receive 0 shocks in t ] = exp( − λPteP )).
As previously mentioned, employment duration spells can be left or
right censored. Right censored spells do not represent a problem
because the probability of receiving a determined number of shocks
before time t is what is important in the model; hence, at that time the
future is irrelevant. On the other hand, left censored spells do represent
a potential problem. This can be observed by expressing the Pr[ receive
0 shocks in t] such that the distinction is made between the observed
duration teoP and the true duration teP . Since teoP = teP − a , where a ≥ 0 ,
then:

i

Pr(OP ) = exp(−λP(teoP + a )) = exp(−λPteoP )exp(−λPa )

wio

T

wio
wi

and

ε>0

i

( )g(w , i ∈ E |w > w (x*), P)dw ⎤⎦⎥
⎤
v( )g(w , i ∈ E |w > w (x *), T )dw ⎥
⎦

* = xIP
* + (λP + r )Ψ
xOP
⎞
∞
(1 + ϕT ) ⎛
λ β (1 − τ )
* )f (x′)dx′⎟
xT* = (1 − τ ) ⎜rU − r +R λP (1 + ϕP ) ∫ * (x′−xOP
P
xOP
T ⎝
P
P
⎠

( )g(w , i ∈ E |w > w (x*), P)dw
v( )g(w , i ∈ E |w > w (x *), T )dw

v

⎡
1
× ⎢∫ * w v
⎣ wP(xP ) i

which is maximized to choose ΘL, subject to equilibrium constraints:

In order to restrict the number of parameters to estimate, it is
assumed that the conditional expectation of the observed wages is
equal to the true wages, as is done in Flinn (2002); that is, E[wo|w] = w ,
which implies that E[ε|w] = 1. This assumption together with the lognormality assumption implies that the parameters με and σε satisfy
σε = −2με . Therefore, only one parameter of the measurement error
distribution has to be estimated.
Given the wage density functions for jobs with permanent and
temporary contracts, g(wi, i ∈ EP|wi > wP(xP*), P ) and g(wi, i ∈ ET |wi > wT (xT*), T ),
respectively, and the error density function m(ε ), the implied density
functions of observed wages can be written as:
*) wi
P(xP

r

N

L (Θ L ; w, t ) = ∏i =1 [fu (ti, u, i ∈ U , cir = 0)]u ×(1− ci )

where the measurement error ε is log-normally distributed:

gwPo(wio ) = ∫
w

tu > 0

Taking into account measurement error in wages and censoring in
unemployment spells, the likelihood function becomes:

wo = w · ε
⎛ ln(ε ) − με ⎞ 1
v ( ε ) = ϕ⎜
⎟
σε
⎝
⎠ εσε

tu > 0

i

Given that exp( − λPa ) ≤ 1 with λP ≥ 0 and a ≥ 0 , it is clear that if a is
not taken into account, then the probability of receiving 0 shocks in t is
overestimated. In the case of permanent contracts, this aﬀects the
weights in the mixture of wage densities, which in turn can potentially
lead to a bias problem in the estimation.
The censoring problem in the employment duration data is
neglected in the estimation results presented in the next subsection
since the probability of receiving zero shocks in t exponentially
decreases with employment duration. Hence, the eﬀect of the additional months in the duration of long spells is not important. This is the
case in the data used in the estimations, since the left censored spells
duration is at least 17 months (and there are less than 2% of these
spells).

Censoring in unemployment duration data is potentially very
problematic because it can generate identiﬁcation problems and bias
the estimated parameters. In particular, if the unemployment spells are
double censored, that is right and left censored at the same time, the
identiﬁcation of the parameters in the likelihood estimation is not
possible because permanent unemployment can be generated by a
diﬀerent combination of parameters (Flinn, 2002), hence the reason
for not using double censored spells in the estimation. The estimated
parameters will be biased when there are right or left censored spells.
Fortunately, controlling for these two types of censoring is straightforward when the spells are exponentially distributed, and can easily be
incorporated in the likelihood function. Because there are no left

4.4. Estimation results

38
As is common in the literature, it is assumed that measurement error is present in
wages data but not in duration data (Eckstein and van den Berg, 2007; Flinn, 2006).
39
See Flinn and Heckman (1982) for a complete discussion.

Table 2 reports the estimation results. The ﬁrst two rows show the
36
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Table 2
Estimated Parameters.

Table 3
Technological and Preference Parameters.
Param.

Std.Err.(*)

αwP
αwT
λP
λT
λR
xT*

0.0728
0.1132
0.0028
0.0078
0.0039
1.0425

0.0150
0.0346
0.0004
0.0010
0.0006
0.0261

*
xIP
*
xOP

1.0198

0.0360

1.2696

0.0261

rU
σϵ
μx
P
σx
P
μx
T
σx
T
No. Obs.
Loglik

1.1576
0.2480
−0.5372
1.3512
−0.0288
0.8385
3600
−7972
1.09

0.0215
0.0110
0.1346
0.0469
0.2944
0.1038

F-test α wP = α wT
F-test μPx = μTx

Param.
Cobb Douglas Matching Function(*)
η
0.3694
q
0.1133
kP
83.1735
kT
27.1933
b
−3.4474
Exponential Matching Function
η
0.3913
q
0.1860
kP
47.8017
kT
17.1553
b
−3.4474

0.1070
0.0278
13.8495
10.8105
0.3794
0.0904
0.0368
6.0963
5.7520
0.3794

Note: Standard Errors calculated using delta method.
*
γ = 0.8255.

household survey. Since the model estimation strategy strongly relies
on this duration data to estimate the arrival and the termination rates
of jobs, as well as the arrival rate of shocks, an over reported
unemployment duration generates high employment duration in order
to be consistent with the steady state conditions of the model.
The estimated values for the location and the scale parameters of
the log-normal match speciﬁc distributions for both types of jobs are
shown in the last four rows of Table 2. These values imply (statistically)
similar productivity, on average, for workers in temporary jobs. Also,
there is six times more uncertainty at the moment of drawing a
productivity from the match speciﬁc productivity of a permanent job,
than from a match speciﬁc productivity of a temporary job. Table 4
reports the predictions for the average productivity and its variance
and shows that workers receive wage oﬀers that are, on average, 18%
higher when they meet ﬁrms with permanent contracts than when they
meet ﬁrms with temporary ones. Once the job is accepted that
diﬀerence becomes 63%, on average. Finally, the estimation of all
parameters is quite precise when evaluating with the asymptotic
standard errors.
Table 3 shows the estimated value of the technological parameters
(the proportion of permanent vacancies, the market tightness and the
ﬂow cost of vacancies in temporary and permanent jobs) and the
preference parameter (the ﬂow value of leisure) using both the CobbDouglas and the Exponential matching functions. All the results
discussed below are conditional on the particular assumptions made
about the matching function. First, the proportion of permanent job
vacancies in the market is between 37 to 39% depending on the
matching function used. Second, the estimated market tightness diﬀers
between matching functions. In particular, the market tightness, along
with the unemployment rate in Table 4, imply that the total vacancy
rate of the economy (vP + vT ) is 0.5% when the Cobb-Douglas function
is used, and 1% when the Exponential function is used. Third, under
the Cobb-Douglas matching function, the ﬂow costs of permanent and
temporary jobs are around 83 and 27 U.S. dollars, respectively.
Meanwhile, these same ﬂow costs are around 47 and 17 U.S. dollars
under the Exponential matching function40. In any case, it is clear that
maintaining a permanent job vacancy unﬁlled is substantially (between
2.7 and 3.1 times) more expensive than maintaining a temporary job
vacancy unﬁlled. Finally, the ﬂow disutility of leisure is around 3.4 U.S.
dollars per hour and it does not depend on which matching function is
used to identify it.

100.32

σPx = σTx
Note: Pr(eT → eP ) was set to 0.0942 as in the data.
*

Std.Err.

Asymptotic standard errors.

job arrival rates for both temporary and permanent jobs. Temporary
jobs arrive 55% faster than permanent jobs. In particular, while oﬀers
with temporary contracts arrive approximately every eight months,
oﬀers with permanent contracts do so once a year. Rows six through
eight of Table 2 report the estimated reservation productivities for
permanent (insider and outsider) and temporary jobs. An insider
permanent worker and a ﬁrm with a permanent contract are willing
to continue with a contractual relation if the productivity is at least 1.02
U.S. dollars per hour, which is 23.5% less than the productivity
required to form a match between an outsider permanent worker
and a ﬁrm with a permanent contract (1.27 U.S. dollars per hour). This
reﬂects the eﬀect of the ﬁring cost on the bargaining position of an
insider worker. When workers going from unemployment to temporary
and permanent jobs are compared, results on reservation productivity
indicate that workers and ﬁrms are less stringent when agreeing on a
temporary contract than when forming a permanent contractual
agreement. In this case, the diﬀerence in the reservation productivity
is 22%. Combining job arrival rates and reservation productivities, the
estimation results suggest that workers are, on average, unemployed
for a total of 13.6 months (the hazard rate out of unemployment is
0.073). Table 4 reports the predictions of the model for these and other
variables.
The productivity shock arrival rate for permanent jobs, reported in
the third row of Table 2, indicates that productivity shocks do not occur
very often. Similarly, the termination rate for the temporary jobs,
reported in rows four and ﬁve of Table 2, also shows a high persistence.
Clearly, direct transition from temporary contract jobs to unemployment occurs twice as fast as the opportunities to be reallocated to a
permanent job. As a result, in both cases the hazard rates out of
employment, shown in Table 4, are low. When comparing these hazard
rates with their data counterparts, also shown in Table 4, it is clear that
the shock arrival rate for permanent jobs and the termination rate for
temporary jobs are underestimated, as are the correspondent hazard
rates out of employment. However, it is important to note that the
hazard rates observed in the data are not directly comparable with
those of the model because, in the absence of on-the-job search, the
interpretation of the employment duration in the model is career
duration instead of job duration. Another explanation of these results is
directly related with the data. As mentioned in Section 3, the data on
unemployment and employment durations has a retrospective and selfreported nature and seems to be over reported compared to another

40
Comparing this result with that found by Flinn (2002), who estimates a ﬂow
vacancy cost of 128 U.S. dollars for the U.S. economy for 1996, suggests that the cost of
an unﬁlled vacancy of a permanent job is substantially lower in the Chilean labor market.
However, the diﬀerence is not that clear relative to the average wage (while in the U.S.
economy it is 18 times the average wage, in Chile it is between 18 and 30 times the
average wage of a permanent worker depending on the matching function used).
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mean but also at the distribution level41. On the other hand, model
predictions of the unemployment and employment rates are really
close to those observed in the data. The hazard rate out of unemployment also ﬁts the data well. However, the model predictions of hazard
rates out of employment do not ﬁt the data well, as was previously
discussed.

Table 4
Predicted Values.

Productivity
E (xP )
V (xP )
E (x T )
V (x T )
Oﬀered Wages
E (wOP )
E (wIP )
E (wT )
Accepted Wages
E (wOP|eP )
E (wIP|eP )
E (wT |eT )
Labor Market Status
u
eP
eT
Labor Market Dynamics
hu
h eP

h eT
*

Value

Std.Err. (*)

Data

1.456
11.039
1.380
1.944

0.1272
1.6561
0.2928
0.3258

n.a.
n.a.
n.a.
n.a.

1.413
1.538
1.196

0.0699
0.0711
0.1384

n.a.
n.a.
n.a.

2.696
2.578
1.652

0.0536
0.0472
0.0313

2.554
2.554
1.604

0.052
0.712
0.236

0.0036
0.0075
0.0072

0.055
0.706
0.239

0.073
0.002

0.0057
0.00002

0.075
0.012

0.012

0.00130

0.041

5. Counterfactual and policy experiments
The counterfactual experiment consists of comparing the benchmark economy, that is, the one characterized by the estimated
parameters and in which temporary contracts are allowed, with an
economy in which the use of temporary contracts is not allowed by law.
In the latter economy, the model is solved assuming η = 1 and using all
other estimated parameters (except those related with temporary jobs).
The policy experiment consists of analyzing the impact of changes in
the ﬁring cost on the two economies previously mentioned by taking
into account the equilibrium eﬀects. In particular, the experiment
analyzes the eﬀect of changes in the ﬁring cost within a range of zero to
twice the benchmark severance tax. In conducting the counterfactual
and policy experiments, a Cobb-Douglas matching function is used to
solve the model with the estimated elasticity of γ = 0.8255. In both
exercises, it is possible to analyze the eﬀect, under alternative institutional arrangements of more stringent labor protection, on labor
market dynamics (that is market tightness, availability of vacancies of
both types of jobs, arrival rates, hazard rates out of unemployment and
employment, and unemployment and employment rates) and on
productivity and wages (reservation productivities, average oﬀered
and accepted wages, and inequality between workers with diﬀerent
types of contracts).

Standard Errors calculated using delta method.

To conclude this section, some speciﬁcation tests that were
performed and an assessment of the ﬁt of the model are discussed.
The last two rows of the bottom panel of Table 2 report the
statistics of two F-tests. The ﬁrst test corresponds to the null
hypothesis that both types of jobs have the same arrival rate, which
implies that the proportion of vacancies is 50% for each type of job.
This null hypothesis cannot be rejected. Using the asymptotic
standard errors of the arrival rates in Table 2, the hypothesis that
the arrival rates of temporary and permanent jobs are equal to zero
can be tested. The results indicate that both hypotheses are also
rejected at 1% signiﬁcance level. The second test tries to verify
whether the productivity in each type of job is drawn from the same
distribution (given that in both cases log-normality is imposed).
Once again, the data does not support the hypothesis (at 1%
signiﬁcance level) that the productivity in both types of jobs come
from the same distribution.
Table 4 reports the predictions of the model and some comparable
moments in the data. On one hand, in terms of ﬁt, the average wages
predicted by the model are very close to their sample counterparts. In
turn, Fig. 4 shows that the good ﬁt on wages is not only observed at the

5.1. Labor market dynamics

0

.2

Density
.4

.6

.8

The ﬁrst row in Table 5 shows that at any ﬁring cost, the labor
market is tighter when temporary contracts are not allowed, that is
there are fewer jobs available relative to the number of searchers42. In
particular, when these contracts are not allowed, the market tightness
is at least 45% lower than when they are allowed. This is explained by
the fact that the presence of temporary contracts increases the
vacancies available in the market. Analyzing the eﬀect of an increase
in the ﬁring cost, the same table shows that the market tightness
decreases with the ﬁring cost when temporary contract jobs are not
allowed because this cost makes vacancy creations of permanent jobs
less attractive. Quantitatively, the eﬀect is not substantial -going from
no ﬁring cost to twice the benchmark ﬁring cost leads to a decrease of
1.8% in the market tightness. On the contrary, when temporary
contracts are allowed, the eﬀect of the ﬁring cost on the market
tightness is the opposite. Indeed, despite the fact that the ﬁring cost
makes permanent job vacancy creation less attractive, they make
temporary job vacancy creation more attractive and in the end this
latter eﬀect dominates the former one. This is observed in the
decreasing proportion of permanent job vacancies shown in the second
row of Table 5. Market tightness increases by more than 6.4%, going
from no ﬁring cost to twice the benchmark ﬁring cost and the
proportion of permanent vacancies decreases by almost 8 percentage
points. Permanent vacancies can disappear if the ﬁring costs are really
high (more than 10 times that of the benchmark). This is possible in
the model but not plausible in practice.
The arrival rates for permanent and temporary jobs, shown in the

0

2
4
Hourly Wage (US dollars)
Permanent: Observed
Temporary: Observed

6

41
Simulated wages are constructed using the productivity distributions for both types
of contracts and wages equations. In the case of permanent contract workers, simulated
wages are constructed as a weighted average of simulated wages of outsider and insider
workers, where the weight is given by the probability of being an outsider worker.
42
Note that the market tightness is deﬁned as the vacancy to unemployment ratio, and
therefore a higher ratio indicates that the labor market is less tight.

Permanent: Simulated
Temporary: Simulated

Fig. 4. Observed and Simulated Wages Densities by Type of Contract.
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ﬁrm is willing to keep a worker even if he is less productive to avoid the
ﬁring cost, while the latter eﬀect occurs because permanent jobs become
more scarce (employers become more picky when hiring and there is
substitution of vacancies between types of jobs). Note that the existence
of temporary contract jobs makes permanent (and more productive) jobs
relatively more scarce and increases their productivity requirement and
the discouragement of job creation in permanent contract jobs. This
explains why temporary jobs mitigate the eﬀect of ﬁring costs on
unemployment.
The sixth row of Table 5 shows that the employment rate in
permanent jobs increases by 1.2 percentage points, which is consistent
with the decrease in the unemployment rate when temporary contracts
are not allowed. However, the fact that the employment rate of
permanent jobs falls by more than 2 percentage points when temporary
contracts are allowed, implying a substitution between permanent and
temporary jobs, is more interesting (recall that the unemployment rate
falls slightly in this scenario). The ninth row of Table 5 shows the
hazard rate out of permanent jobs. As expected, more stringent
protection in permanent jobs discourages its destruction and this is
true regardless of whether the use of temporary contracts is allowed or
not. Quantitatively, the duration of permanent jobs increases by 17.6
and 35.7% when temporary contracts are allowed and when they are
not, respectively. Finally, the seventh row of Table 5 shows that the
employment rate in temporary jobs increases in almost 2.4 percentage
points when the ﬁring cost rises. This is consistent with the substitution
eﬀect previously mentioned. This positive relationship between temporary job shares and employment protection corresponds to the
model counterpart of Fig. 1. Furthermore, row ten in Table 5 shows
the hazard rate out of temporary jobs, which is constant by construction (the termination rate in the model, comprised by the termination
and reallocation shocks, is exogenous).

Table 5
Counterfactual and Policy Experiments.

Market Tightness
q
η
Arrival Rates
α wP
αwT
Labor Market Status
u
eP
eT
Hazard Rates
hU
h eP

TC Allowed
0×Ψ
1×Ψ

2×Ψ

TC Not Allowed
0×Ψ
1×Ψ

2×Ψ

0.1096
0.4101

0.1133
0.3694

0.1167
0.3341

0.0691
1

0.0685
1

0.0679
1

0.0772
0.1043

0.0728
0.1132

0.0687
0.1214

0.1101
n.a.

0.1093
n.a.

0.1086
n.a.

0.0543
0.7248
0.2209

0.0522
0.7119
0.2358

0.0492
0.7082
0.2425

0.0487
0.9513
n.a.

0.0438
0.9562
n.a.

0.0363
0.9637
n.a.

0.0700
0.0020

0.0734
0.0019

0.0766
0.0017

0.0369
0.0019

0.0365
0.0017

0.0362
0.0014

0.0117

0.0117

0.0117

n.a.

n.a.

n.a.

Reservation Productivity
1.2354
*
xOP

1.2696

1.3038

1.0383

1.0423

1.0457

1.2354

1.0198

0.8042

1.0383

0.7925

0.5461

1.0643

1.0425

1.0242

n.a.

n.a.

n.a.

2.7214
2.7214
1.6765

2.6962
2.5785
1.6526

2.6729
2.4325
1.6325

2.4434
2.4434
n.a.

2.3784
2.2544
n.a.

2.3165
2.0599
n.a.

1.000
0.616
0.616

1.046
0.613
0.641

1.099
0.611
0.671

1.000
n.a.
n.a.

1.055
n.a.
n.a.

1.125
n.a.
n.a.

h eT

*
xIP
xT*
Accepted Wages
E (wOP|eP )
E (wIP|eP )
E (wT |eT )
Inequality
Outsider /Insider
Temporary /Outsider
Temporary /Insider

third and fourth rows of Table 5, reﬂect what was discussed above.
When temporary jobs are allowed, as the ﬁring cost increases, fewer
vacancies for permanent jobs reduce the rate at which they arrive,
while more temporary job vacancies accelerate their arrival rate. The
reduction in the case of permanent job vacancies is 14.3% and the
increase in the case of temporary job vacancies is 16.3%. When
temporary jobs are not allowed, the arrival rate of permanent jobs
also falls with the ﬁring cost but the size of the eﬀect is much smaller -it
only reduces permanent job vacancies by 1.3%.
Rows ﬁve to seven in Table 5 show the eﬀect of ﬁring costs on the
diﬀerent labor market states, that is, on the unemployment and the
employment rates, under both types of contracts and their corresponding
durations. The ﬁfth row shows that the unemployment rate falls with
more stringent employment protection when temporary contracts are
not allowed. In this case the unemployment rate falls by 1.2 percentage
points. This indicates that the eﬀect of the ﬁring cost in reducing the job
destruction rate dominates that which discourages employment creations. The hazard rate out of unemployment, shown in the eight row of
Table 5, does not change when temporary contracts are not allowed
suggesting that there is no eﬀect on unemployment duration. When
temporary contracts are allowed, the eﬀect of stringent protection on the
unemployment rate is attenuated (unemployment rate falls by only 0.5
percentage points), indicating that the eﬀect of the ﬂows out of
temporary jobs dominates that of the ﬂows out of unemployment into
temporary contracts. Additionally, the hazard rate out of unemployment
increases, suggesting that an additional positive impact of temporary
jobs is that they help to reduce unemployment duration by a month
when employment protection becomes more stringent. A note on what is
behind these results is necessary. The diﬀerence between the reservation
productivities between outsiders and insiders increases more that 0.5
dollars per hour (regardless of the existence of temporary jobs) and
represents the eﬀect of (discourage) job destruction. In turn, the
reservation productivity of outsiders permanent only increases by less
than 1 cent per hour when temporary contracts are not allowed and in 7
cents per hour when they are allowed, representing in this case the eﬀect
of (discourage) job creation. The former eﬀect reﬂects the fact that the

5.2. Productivity and wages
Row eleven in Table 5 shows how the reservation productivity of
new hires with permanent contracts (outsiders) changes with the ﬁring
cost. Regardless of the existence of temporary contracts, the ﬁring cost
discourages new hires by increasing the threshold at which matches are
formed. When temporary contracts are not allowed, this reservation
productivity increases by less than 0.7% with the ﬁring cost, while
when both types of contracts coexist it increases by 5.5%. The existence
of temporary contracts exacerbates the negative eﬀect on job creations.
Row twelve in Table 5 shows the reservation productivity of continuing
employees with permanent contracts (insiders). In this case, the
reservation productivity decreases with the ﬁring cost and the eﬀect
is quantitatively important (it falls by more than 40%). This is
explained by the fact that more protection generates a higher bargaining advantage for workers, reducing the ﬁrms' outside option.
Therefore, ﬁrms are willing to maintain a larger proportion of their
workers even if they become less productive after a shock has occurred.
For both, insiders and outsiders, the reservation productivity is always
higher when temporary contracts are allowed, indicating that a higher
productivity is sustained with permanent jobs when the two types of
contracts coexist. Row thirteen in Table 5 shows the reservation
productivity of temporary jobs. The positive eﬀect on unemployment
of increasing the ﬁring cost in permanent jobs is that the lower
reservation productivity facilitates job creation. The down side is that
lower productivity jobs will be created.
Rows fourteen to sixteen in Table 5 show the average accepted
wages. In the case of permanent jobs, the ﬁring cost aﬀects average
accepted wages through three mechanisms. First, they directly aﬀect
the total surplus of the match. Second, they have an equilibrium eﬀect
on the ﬂow value of unemployment. Third, they have an equilibrium
eﬀect on the conditional average productivity through the reservation
values. In the case of temporary jobs, average accepted wages are
aﬀected by the equilibrium eﬀects on the ﬂow value of unemployment
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and the reservation productivity. In that Table it is shown that the
equilibrium eﬀects of the ﬁring cost on reservation productivities are
important. Indeed, they almost oﬀset the direct eﬀect of the ﬁring cost
for new hires (the decrease is only between 1.7 and 5.1%) and
substantially reduce the average accepted wages for continuing employees (between 10.6 and 15.6%). Row sixteen shows a fall of 2.6% in
average accepted wages for temporary jobs. Hence, the eﬀect on the
reservation productivity also contributes to this fall. Finally, accepted
wages are higher when temporary jobs are allowed. This is due to a
higher reservation productivity, in the case of average accepted wages.
This subsection concludes with the eﬀect of the ﬁring cost on
inequality. In this paper, inequality is deﬁned as the diﬀerence in wage
rates of permanent and temporary workers. Therefore, in this exercise
both types of contracts are allowed. Rows eighteen and nineteen in
Table 5 show the ratios between the average wage in temporary jobs
and the average wage in permanent jobs for new hires and for
continuing employees. There are three comments worth mentioning
from the analysis of that ratio. First, inequality is high since the gap
between accepted wages for permanent and temporary workers is
around 40% (comparing new hires in temporary jobs and continuing
employees in permanent jobs, respectively). Second, the pattern of the
wage ratios is consistent with the changes in wages given by changes in
the ﬁring costs. Finally, although inequality changes with the ﬁring
cost, it remains high for the range of ﬁring costs considered in this
paper, suggesting that the eﬀect of this policy is limited in this aspect.

Fig. 5. Welfare Analysis.

Eq. (34) is then used to evaluate changes in welfare (total, workers'
and ﬁrms' welfares) when the ﬁring cost changes in the case where
temporary contracts are allowed and in the case where they are not
allowed. Note that Eq. (34) is the analog to the criterion used by Hosios
(1990) in his labor market eﬃciency study when two types of jobs exist.
Fig. 5 shows the ratio between the level of welfare reached when
temporary contracts are not allowed and when they are allowed, for
each degree of labor protection. Note that, for any ﬁring cost below half
of the benchmark ﬁring cost, the total welfare is greater in an economy
without temporary contracts. The second observation that can be made
is that the relative welfare decreases when the ﬁring cost increases.
When the ﬁring cost is very low, the level of welfare is higher in an
economy without temporary contracts. In this case what matters is the
possibility of productivity gains in permanent contracts. However,
when ﬁring costs are rather high, the level of welfare in an economy
with both types of contracts increases (reducing the relative welfare)
and the degree of ﬂexibility becomes more valuable. Also, recall that
temporary jobs can be reallocated to permanent jobs upon termination,
although this does not occur very often. Temporary contracts make
agents better oﬀ if the ﬁring cost reaches high levels (including the
benchmark). Finally, the shape of the relative welfare means that
stringent labor protection generates important trade oﬀs in terms of
productivity gains and ﬂexibility.
It is worth mentioning that the assumption behind welfare calculations is that the collected taxes, both payroll and severance, are not
redistributed among workers and are just thrown into the ocean. In
essence, they are pure taxes. Removing this assumption is not trivial for
the bargaining problem but a discussion regarding how the results
would change is important. In particular, when the ﬁrm pays the ﬁring
taxes to the worker leaving a permanent contract job, the value of that
job should increase because that value will take into account, in
addition to income ﬂows and continuations values, the present value
of the ﬁring taxes. Moreover, as the ﬁring taxes increase, the importance of the present value of those future payments should increase
more than proportionally with respect to the ﬂow income (given that in
this model the ﬁring taxes are just constant). On the side of the ﬁrm
nothing changes because they pay the total cost of ﬁring a worker
regardless of the destination of that payment. Therefore, in equilibrium, a higher value of the permanent job should make the hiring
process (reducing the reservation values for new permanent jobs) easy
and speed up the transition from unemployment to permanent jobs.
One of the results found in the previous section is that in equilibrium
the temporary contract jobs increase their relative availability in the
market as the ﬁring cost increases, reducing the arrival rate of
permanent contract jobs and making the match formation of this type

5.3. Welfare analysis
Following Flinn (2006) and Flabbi (2010), this paper exploits the
stationary nature of the model to analyze the long-run welfare impact
of changes in the policy parameters (mainly the ﬁring cost) under the
two diﬀerent assumptions regarding the labor market institution: when
temporary contracts are allowed and when they are not. To deﬁne a
long-run measure of welfare, it is important to recall that at any point
in time workers are unemployed, employed under a permanent
contract or employed under a temporary contract. Similarly, at any
point in time ﬁrms can have permanent or temporary job vacancies
ﬁlled or they can be searching to ﬁll their vacancies. The latter is not
taken into account because unﬁlled vacancies have, by deﬁnition, a
value of zero (free-entry condition). In this context, the following Social
Welfare function is deﬁned:

S (τ , ϕ, Ψ ) = u(τ , ϕ, Ψ )Uu(τ , ϕ, Ψ )
+eOP(τ , ϕ, Ψ )[WOP(τ , ϕ, Ψ )
+JOP(τ , ϕ, Ψ )]
+eIP(τ , ϕ, Ψ )[WIP(τ , ϕ, Ψ ) + JIP(τ , ϕ, Ψ )]
+eT [ WT (τ , ϕ, Ψ ) + JT (τ , ϕ, Ψ )]

(34)

where: τ = (τP, τT ), ϕ = (ϕP , ϕT ), Uu(τ , ϕ, Ψ ) is the unemployed agents'
welfare, Vj (τ , ϕ, Ψ ) is the average workers' welfare ( j = OP, IP, T ) and
Jj (τ , ϕ, Ψ ) is the average welfare of ﬁrms with ﬁlled vacancies
( j = OP, IP, T ). Note also that eOP(τ , ϕ, Ψ ) = eP(τ , ϕ, Ψ )Pr(OP ) and
eIP(τ , ϕ, Ψ ) = eP(τ , ϕ, Ψ )(1 − Pr(OP )). To implement Eq. (34) it is
necessary to deﬁne the individual contribution to the Social Welfare
function:

Uu(τ , ϕ, Ψ ) = ∫
0

* , xT*}
min{xIP

⎡ f (x )
U ⎣⎢ F P(x* ) I[xIP
* ≤ xT*] +
P IP

fT (x )

FT (xT*) (

⎤
1−I[xIP
* ≤ xT*])⎦
⎥dx

⎡ f (x ) ⎤
∞
Wj (τ , ϕ, Ψ ) = ∫ * Wj (x )⎢ 1 −PF (x*) ⎥dx j = IP, OP
xj
⎣
P j ⎦
∞
⎡ fT (x ) ⎤
WT (τ , ϕ, Ψ ) = ∫ * WT (x )⎣⎢ 1 − F (x*) ⎦⎥dx
xT

T T

⎡ f (x ) ⎤
Jj (τ , ϕ, Ψ ) = ∫ * Jj (x )⎢ 1 −PF (x*) ⎥dx j = IP, OP
xj
⎣
P j ⎦
∞
⎡ fT (x ) ⎤
JT (τ , ϕ, Ψ ) = ∫ * JT (x ))⎢⎣ 1 − F (x*) ⎥⎦dx
xT
T T
∞
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are, on average, 18% higher when they meet ﬁrms with permanent
contracts than when they meet ﬁrms with temporary ones. Once the job
is accepted that diﬀerence becomes 63%, on average. Finally, the long
run unemployment rate is about 5.2%.
The counterfactual and policy experiments results indicate that
when the ﬁring cost increases, fewer permanent job vacancies reduce
the rate at which they arrive, while more temporary job vacancies
accelerate its arrival rate. Temporary jobs magnify the eﬀect of ﬁring
costs on permanent job arrival rates. Even though labor protection is
useful in reducing unemployment, temporary contracts balance out
this eﬀect leaving unemployment almost unchanged. Meanwhile, labor
protection increases the (equilibrium) employment rate in jobs with
temporary contracts. The eﬀects on employment and unemployment
rates discussed above implies that there is a substitution eﬀect between
both types of jobs. With respect to inequality, the negative eﬀect of
ﬁring costs on wages is barely compensated with the existence of
temporary contracts. Hence, inequality is persistent. Finally, welfare
analysis indicates that temporary contracts generate welfare gains as
labor protection increases.
Some policy implications can be drawn from these results. First,
temporary contracts increase ﬂexibility and make agents better oﬀ
when ﬁring costs are high. It is important to remember that this is a
steady-state result, which could be magniﬁed if the cushion eﬀect
during business cycles is take into account. Second, limiting the use of
temporary contracts (in an extreme case, eliminating them) can
increase welfare only if labor protection is not stringent. Therefore,
stringent labor protection generates important trade-oﬀs between
productivity and ﬂexibility. Hence, labor protection levels matter in
terms of welfare.
Finally, although temporary contracts are also widely used in
European countries, the results found cannot be directly extrapolated
to the European case, not only because of the diﬀerences in the
structure of the temporary contracts but also because the parameters
governing the dynamics of the labor market diﬀer. Many results
depend heavily on the magnitude of parameters43.

of job diﬃcult. Note that when it is assumed that ﬁring taxes are paid to
the worker, these two eﬀects are the opposite and therefore the role of
temporary jobs in slowing down the hiring process in the permanent
contract jobs should be attenuated. In terms of Fig. 5, the temporary
contracts would probably generate welfare gains as the ﬁring cost
becomes more stringent but these gains should not increase without
bound and instead they should disappear for really high values of the
ﬁring cost.
6. Concluding remarks
This paper presents a search and matching model with the
following features: First, it has a dual labor market represented by
two types of contracts, permanent and temporary, and the availability
of both is endogenously determined as part of the equilibrium. Second,
labor protection is incorporated in the form of ﬁring costs to analyze its
relationship with the equilibrium share of temporary contracts. Finally,
it incorporates the possibility of productivity gains in permanent jobs
and reallocation shocks in temporary jobs to account for possible
transitions to permanent jobs. This model is structurally estimated
using likelihood methods for the Chilean labor market. In the estimation procedure only supply side data is used and the identiﬁcation
strategy, particularly for the technological or demand side parameters,
is discussed. Finally, counterfactual and policy experiments are performed to quantitatively evaluate the role of labor protection legislation
and the relative availability of temporary contracts in unemployment,
welfare, and inequality.
The estimation results indicate that around 40% of the available
vacancies are for permanent contracts. This reﬂects large diﬀerences in
vacancy costs (3 times higher for permanent vacancies). In terms of the
dynamics of the labor market, the magnitude of the parameters
suggests that temporary jobs arrive more frequently than permanent
jobs (although this diﬀerence does not seem statistically relevant) and
that workers meeting both types of vacancies draw, on average, similar
productivities. With respect to wages, workers receive wage oﬀers that

Appendix A. Wages contribution to the likelihood function
To ﬁnd the wages distribution conditional on the model, the ﬁrst step is to map the productivity distribution for each type of contract into an
unconditional wages distribution. First, mapping the productivity distribution to a wage distribution for a new hire with permanent contract
(outsider) gives:

G (wi|OP ) = Pr(W ≤ wi|OP )
⎛
⎞
(1 + ϕP )
rU
⎜ βP (x − λPΨ ) + (1 − βP )
⎟
(1
−
τ
)
P
= Pr⎜
≤ wi|OP⎟
⎜
⎟
(1 + ϕP )
⎜
⎟
⎝
⎠
⎛
⎞
(1 + ϕP )
(1 − βP ) (1 + ϕP )
= Pr⎜⎜x ≤ wi
−
rU + λPΨ |OP⎟⎟
βP
βP
(1 − τP )
⎝
⎠
⎛ (1 + ϕ )
⎞
(1 − βP ) (1 + ϕP )
P
= FP⎜⎜wi
−
rU + λPΨ ⎟⎟
β
β
(1
−
τ
)
⎝
⎠
P
P
P
Second, the wages distribution for continuing employees with permanent contracts (insiders) that result from the same mapping is:

43
Nevertheless, the modelling strategy can be useful in the European case because the
deﬁnition of temporary contracts includes that of ﬁxed-term contracts and, therefore the
model can be estimated using European data trying to match a hazard rate consistent
with a 12 month duration contract.
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G(wi|P, IP ) = Pr(W ≤ wi|IP )
⎞
⎛
(1 + ϕP )
rU
⎟
⎜ βP(x + rΨ ) + (1 − βP )
(1 − τP )
⎜
= Pr⎜
≤ wi|IP⎟⎟
(1 + ϕP )
⎟
⎜
⎠
⎝
⎛
⎞
(1 + ϕP )
(1 − βP ) (1 + ϕP )
= Pr⎜⎜x ≤ wi
−
rU − rΨ |IP⎟⎟
βP
βP
(1 − τP )
⎝
⎠
⎛ (1 + ϕ )
⎞
(1 − βP ) (1 + ϕP )
P
= FP⎜⎜wi
−
rU − rΨ ⎟⎟
β
β
(1
−
τ
)
⎝
⎠
P
P
P

Finally, in the case of a temporary job, the mapping gives:

G (wi|T ) = Pr(W ≤ wi|T )
⎛
⎞
(1 + ϕT )
j
rU
⎜ βT x + (1 − βT )
⎟
(1 − τT )
⎜
= Pr
≤ wi|T ⎟
⎜
⎟
(1 + ϕT )
⎜
⎟
⎝
⎠
⎛
⎞
(1 + ϕT )
(1 − βT ) (1 + ϕT )
j|T ⎟⎟
= Pr⎜⎜x ≤
wi −
rU
(1 − τT )
βT
βT
⎝
⎠
⎛ (1 + ϕ )
(1 − βT ) (1 + ϕT ) ⎞
T
j ⎟⎟
= FT ⎜⎜
wi −
rU
(1 − τT ) ⎠
βT
βT
⎝
where

j = rU −
rU

λRβP (1 − τP )
r + λP (1 + ϕP )

∞

∫x *

* )f (x′)dx′
(x′ − xOP
P

OP

Note that in the data the distributions of accepted wages are observed. These distributions, conditional on the model, are truncations of the above
unconditional wages distributions and the truncation point is the reservations wage (this value is also a mapping from the reservation productivity
using wages equations). Conditioning on wages above the reservation value and taking into account that wages are observed only for those who are
employed, the following is obtained:

⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
−
fP ⎜⎜wi
rU + λPΨ ⎟⎟
(1 − τP )
βP
βP
βP
⎝
⎠
* ), OP, i ∈ EP ) =
g(wi|wi > wOP(xOP
* )|OP )
1 − G(wOP(xOP
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
−
fP ⎜⎜wi
rU − rΨ ⎟⎟
(1 − τP )
βP
βP
βP
⎝
⎠
* ), IP, i ∈ EP ) =
g(wi|wi > wIP(xIP
* )|IP )
1 − G(wIP(xIP
(1 + ϕT ) ⎛ (1 + ϕT )
(1 − βT ) (1 + ϕT ) ⎞
j ⎟⎟
−
fT ⎜⎜wi
rU
(1 − τT ) ⎠
βT
β
βT
⎝
T
g(wi|wi > wT (xT*), T , i ∈ ET ) =
1 − G(wT (xT*)|T )
Removing the condition of being an employee and using the probability of having a permanent or a temporary contract (that is, the equilibrium
employment rate in each type of contract) result in:

⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
−
fP ⎜⎜wi
rU + λPΨ ⎟⎟
(1 − τP )
βP
βP
βP
⎝
⎠
* ), OP ) =
g(wi , i ∈ EP|wi > wOP(xOP
* )|OP )
1 − G(wOP(xOP
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
−
fP ⎜⎜wi
rU − rΨ ⎟⎟
(1 − τP )
βP
βP
βP
⎝
⎠
* ), IP ) =
eOPg(wi , i ∈ EP|wi > wIP(xIP
* )|IP )
1 − G(wIP(xIP
(1 + ϕT ) ⎛ (1 + ϕT )
(1 − βT ) (1 + ϕT ) ⎞
j ⎟⎟
−
fT ⎜⎜wi
rU
(1 − τT ) ⎠
βT
βT
βT
⎝
eIPg(wi , i ∈ ET |wi > wT (xT*), T ) =
eT
1 − G(wT (xT*)|T )
The next step is to remove the condition of whether the worker with a permanent contract is an outsider or an insider. Using the fact that
* ) = wOP(xOP
* ) = wP(xP*), the density of permanent job's wages is:
wIP(xIP

g(wi , i ∈ EP|wi > wP(xP*), P ) = g(wi , i ∈ E|wi > wP(xP*), P, OP )Pr(OP ) + g(wi , i ∈ E|wi > wP(xP*), P, IP )Pr(IP )
where Pr(OP ) is the probability of receiving zero shocks in t. This probability depends on the duration of the job. The more the contract lasts the
less likely it is that no productivity shocks have arrived. Conditional on the model, productivity shocks arrive at a Poisson rate λP , and therefore
Pr(OP ) = Pr[ receive 0 shocks in t ] = exp( − λPteP ) and Pr(IP ) = 1 − Pr(OP ). Hence:
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g(wi , i ∈ EP|wi > wP(xP*), P )
⎡
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
⎢ exp( − λPti, e )
−
fP ⎜⎜wi
rU + λPΨ ⎟⎟
P
⎢
(1 − τP )
βP
βP
βP
⎝
⎠
= ⎢
1 − G(wP(xP*)|P, OP )
⎢
⎢
⎣
(1 − exp( − λPti, eP ))
+

⎞⎤
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
−
fP ⎜⎜wi
rU − rΨ ⎟⎟ ⎥
(1 − τP )
βP
βP
βP
⎝
⎠⎥
⎥eP
1 − G(wP(xP*)|P, IP )
⎥
⎥
⎦

Appendix B. Parameter identiﬁcation in the likelihood function
Identiﬁcation is formally shown by closely following Flabbi (2010). Recalling that the likelihood function was:
N

L (Θ L ; w , t ) =

e ×(1− u )
(1− e )×(1− u )
[fu (ti, u, i ∈ U )]u × [g(wi , i ∈ EP|wi > wP(xP*), P )] P
× [g(wi , i ∈ ET |wi > wT (xT*), T )] p

∏
i =1

or alternatively using logarithm:

lnL (Θ L ; w, t ) =

∑

lnfu (ti, u, i ∈ U ) +

i ∈ Nu

∑

lng(wi , i ∈ EP|wi > wP(xP*), P ) +

i ∈ NP

∑

lng(wi , i ∈ ET |wi > wT (xT*), T )

i ∈ NT

Using the contribution of unemployment duration and wages, the likelihood becomes:

lnL (Θ L ; w, t ) =

∑

ln[huP exp( − huPtu, i )] +

i ∈ Nu, P

+

∑

ln[huT exp( − huT tu, i )]

i ∈ Nu, T

∑

lnu ∑

i ∈ Nu

i ∈ NT

⎡ (1 + ϕ ) ⎛ (1 + ϕ )
(1 − βT ) (1 + ϕT ) ⎞ ⎤
T
T
j ⎟⎟ ⎥
⎢
−
fT ⎜⎜wi
rU
⎢
(1 − τT ) ⎠ ⎥
βT
βT
βT
⎝
ln⎢
⎥
1 − FT (xT*)
⎢
⎥
⎢
⎥
⎣
⎦

⎡
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
⎢ exp( − λPti, e )
−
fP ⎜⎜wi
rU + λPΨ ⎟⎟
P
⎢
(1 − τP )
βP
βP
βP
⎝
⎠
+ ∑i ∈ N lneT ∑i ∈ N ln⎢
T
P
*)
1 − FP(xOP
⎢
⎢
⎣
⎞⎤
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
fP ⎜⎜wi
rU − rΨ ⎟⎟ ⎥
(1 − exp( − λPti, eP ))
−
βP
β
β
τ
(1
−
)
⎝
⎠⎥
P
P
P
+
⎥ + ∑i ∈ N lneP
P
*
1 − FP(xIP )
⎥
⎥
⎦

(B.1)

where

j = rU −
rU

λRβP (1 − τP )
r + λP (1 + ϕP )

∞

∫x *

* )f (x′)dx′
(x′ − xOP
P

OP

Considering ﬁrst the contribution of unemployment duration, the unemployment rate, and the employment rates in jobs with both types of
contracts in Eq. (B.1):

Nu, PhuP − huP

∑

tu, i + Nu, T huT − huT

i ∈ Nu, P

∑

tu, i + Nu lnu + NT lneT + NP lneP

i ∈ Nu, T

The steady-state equilibrium conditions, Eqs. (10) to (12) of the paper, are:

hPU hT
hUPhT + hPU hUT + hPU hT + hTPhUT
hUPhT + hTPhUT
=
hUPhT + hPU hUT + hPU hT + hTPhUT
hPU hUT
=
hUPhT + hPU hUT + hPU hT + hTPhUT

u =
eP
eT

* )], hTP = λR[1 − FP(xOP
* )], hPU = λPFP(xIP
* ), hUT = αwT [1 − FP(xT*)], and hT = λT + λR . Replacing these equations, the following
where: hUP = αwP[1 − FP(xOP
is obtained:
Nu, PhUP − hUP

∑
i ∈ Nu, P

tu, i + Nu, T hUT − hUT

∑

tu, i + (Nu + NT )lnHPU + Nu lnhT + NP ln(hUPhT + hTPhUT ) + NT lnhUT − N ln(hUPhT + hPU hUT + hPU hT + hTPhUT )

i ∈ Nu, T
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Now, taking the ﬁrst order conditions with respect to the hazard rates:

∑

hUP : Nu, P −

tu, i +

NPhT
NhT
−
=0
hUPhT + hTPhUT
hUPhT + hPU hUT + hPU hT + hTPhUT

tu, i +

N (hPU + hTP )
NPhTP
N
+ T −
=0
hUPhT + hTPhUT
hUT
hUPhT + hPU hUT + hPU hT + hTPhUT

i ∈ Nu, P

∑

hUT : Nu, T −

i ∈ Nu, T

NPhUT
N (hUT + hTP )
:
−
=0
hUPhT + hTPhUT
hUPhT + hPU hUT + hPU hT + hTPhUT
N (hUT + hT )
N + NT
: u
−
=0
hPU
hUPhT + hPU hUT + hPU hT + hTPhUT
NPhUP
N (hUP + hPU )
N
: u +
−
=0
hT
hUPhT + hTPhUT
hUPhT + hPU hUT + hPU hT + hTPhUT

hTP
hPU
hT

The system can be solved for the ﬁve unknowns. So the hazard rates out of unemployment and out of employment are identiﬁed just with
unemployment duration data and the transitions from unemployment to both types of contracts. In terms of the model parameters:

* )]
hUP = αwP[1 − FP(xOP

(B.2)

* )]
hTP = λR[1 − FP(xOP

(B.3)

*)
hPU = λPFP(xIP

(B.4)

hUT = αwT [1 − FP(xT*)]

(B.5)

hT = λT + λR

(B.6)

To take into account the observed proportion of temporary job to permanent job transitions the following restriction is used:

Pr(eT → eP ) =

* ))
λR(1 − F (xOP
hT

On the other hand, recalling from Eq. (B.1), the contribution to the likelihood of wage of temporary workers was:

∑
i ∈ NT

⎡ (1 + ϕ ) ⎛ (1 + ϕ )
(1 − βT ) (1 + ϕT ) ⎞ ⎤
T
T
j ⎟⎟ ⎥
⎢
−
fT ⎜⎜wi
rU
⎢
(1 − τT ) ⎠ ⎥
βT
β
βT
⎝
T
ln⎢
⎥
1 − FT (xT*)
⎢
⎥
⎢
⎥
⎣
⎦

Now, using location and scale parameters notation:

∑
i ∈ NT

⎡ 1 ⎛w − L ⎞⎤
T ⎥
⎢ fT ⎜ i
⎟
⎢ ST ⎝ ST ⎠ ⎥
ln⎢
* ⎥
⎢ 1 − FT (xT ) ⎥
⎢⎣
⎥⎦

where:

LT =

ST =

(1 − βT )
(1 − τT )
βT
(1 + ϕT )

j+
rU

βT
(1 + ϕT )

μTx

(B.7)

σTx

(B.8)

and:

j = rU −
rU

λRβP (1 − τP )
r + λP (1 + ϕP )

∞

∫x *

* )f (x′)dx′
(x′ − xOP
P

OP

Note that LT and ST are identiﬁed from temporary jobs wage data. Finally, the wage contribution to the likelihood of workers with permanent
contracts in Eq. (B.1) was:
⎡
⎞
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
⎢ exp( − λPti, e )
fP ⎜⎜wi
−
rU + λPΨ ⎟⎟
P
⎢
βP
βP
βP
(1 − τP )
⎝
⎠
∑ ln⎢
*
1
−
F
(
x
)
⎢
P OP
i ∈ NP
⎢
⎣
⎞⎤
(1 + ϕP ) ⎛ (1 + ϕP )
(1 − βP ) (1 + ϕP )
(1 − exp( − λPti, eP ))
fP ⎜⎜wi
−
rU − rΨ ⎟⎟ ⎥
βP
βP
βP
(1 − τP )
⎝
⎠⎥
+
⎥
*)
1 − FP(xIP
⎥
⎥
⎦
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Now, using the location and scale parameters notation again, the following is obtained:

∑
i ∈ NP

⎡
1 ⎛ wi − LOP ⎞
1 ⎛ w − LIP ⎞ ⎤
⎢ exp( − λPti, e )
f ⎜
⎟
(1 − exp( − λPti, eP )) fP ⎜ i
⎟⎥
P
SOP P ⎝ SOP ⎠
SIP ⎝ SIP ⎠ ⎥
⎢
ln⎢
+
⎥
*)
*)
1 − FP(xOP
1 − FP(xIP
⎢
⎥
⎢⎣
⎥⎦

where:

LOP =

LIP =

(1 − βP )
(1 − τP )

(1 − βP )
(1 − τP )

rU + λPΨ +

rU − rΨ +

SOP = SIP = SP =

βP
(1 + ϕP )

βP
(1 + ϕP )

βP
(1 + ϕP )

μPx

(B.9)

μPx

(B.10)

σPx

(B.11)

The contribution of permanent job wages is a mixture of two truncated normal distributions that share the same scale parameter. Since the weights
change in a deterministic way, Teicher (1963) result applies so LOP , LIP , SP, λP are identiﬁed from wage data. Finally, the model restrictions are:

* =
xIP

(1 + ϕP )
(1 − τP )

rU − rΨ −

λP
r + λP

∞

∫x*

* )f (x′)dx′
(x′ − xIP
P

(B.12)

IP

* = xIP
* + (λP + r )Ψ
xOP
xT* =

(1 + ϕT ) ⎛
λ β (1 − τP )
⎜⎜rU − R P
(1 − τT ) ⎝
r + λP (1 + ϕP )

(B.13)

⎞
* )f (x′)dx′⎟⎟
(x′ − xOP
P
⎠
OP
∞

∫x *

(B.14)

It is possible to recover all the model parameters in the likelihood by solving Eqs. (B.2) to (B.14) for thirteen unknowns,
* , xIP
* , xT*, μ P , σxP, μT , σxT ).
(αwP , αwT , λP , λT , λR , rU , xOP
x
x
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