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Abstract

This paper provides a simple model which explains the choice between permanent and tempo-
rary jobs. This model, which incorporates important features of actual employment protection
legislations neglected by the economic literature so far, reproduces the main stylized facts
about entries into permanent and temporary jobs observed in Continental European countries.
We show that the stringency of legal constraints on the termination of permanent jobs has a
strong positive impact on the turnover of temporary jobs. We also find that job protection
has very small effects on total employment but induces large substitution of temporary jobs for
permanent jobs which significantly reduces aggregate production.
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1 Introduction!

It is recurrently argued that the dramatic spread of temporary jobs in Continental European
countries is the consequence of the combination of stringent legal constraints on the termination
of permanent jobs and of weak constraints on the creation of temporary jobs. It is also argued
that this combination creates labor market segmentation and traps workers in a recurring
sequence of frequent unemployment spells.? However, strikingly, very little is known about the
creation of temporary and permanent jobs in as much as very few contributions have analyzed
the choice between these two types of job. There are also very few explanations of the duration
of temporary jobs.

The aim of our paper is to contribute to fill this gap. The originality of our approach is to
account for important features of employment protection legislations which have been neglected
by the literature so far. In most countries, it is costly to dismiss temporary workers before the
date of termination of the contract stipulated when the job starts. More precisely, in the
‘French type’ regulation, that covers Belgium, France, Greece, Italy and Germany, temporary
contracts cannot be terminated before their expiration date,®> whereas in the ‘Spanish type’
regulation, which covers Spain and Portugal, the rule for dismissals before the expiration date
of temporary contracts is the same as for permanent contracts. Hence, for a given employment
spell, it is generally at least as costly to terminate a temporary contract before its expiration
date as to terminate a regular contract. In the previous literature, it is generally assumed that
it is costly to terminate permanent contracts while temporary contracts can be terminated at
no cost at any time. This assumption, made for the sake of technical simplicity, is at odds
with many actual regulations. It implies that employers prefer temporary jobs, which can be
destroyed at no cost, to permanent jobs, which are costly to destroy, thus making it difficult to

explain the choice between permanent and temporary jobs. We show that the choice between

'We thank Samuel Bentolila, Tito Boeri, Werner Eichhorst, @ivind Nilsen, Oskar Nordstrém Skans, Pedro
Portugal, Kostas Tatsiramos, Bruno Van der Linden and Frank Walsh for providing us with information about
employment protection legislation and temporary jobs in different OECD countries. We thank Fabio Berton,
Juan Dolado, Bruno Decreuse, Renato Faccini, Pietro Garibaldi, Juan Jimeno, Etienne Lehmann, Jean-Baptiste
Michau, Claudio Michelacci, Fabien Postel-Vinay, Francesco Pappada, Barbara Petrongolo, Jean-Luc Prigent,
Jose Silva, Eric Smith and Héléne Turon for useful comments.

2See Boeri (2011) for a synthesis.

3There are obviously exceptions to this general rule, for instance for missbehavior of one of the parties. The
legislations are described in appendix A. For a given employment spell, it appears that it is generally at least
as costly to terminate a temporary contract before its date of termination as to terminate a regular contract.



permanent and temporary jobs can be explained easily when it is assumed that temporary jobs
cannot be terminated before their expiration date or when the rule for dismissals is the same
for temporary and permanent contracts. Moreover, this assumption allows us to reproduce
important stylized facts about the turnover of temporary and permanent jobs and to shed new
light on the consequence of job protection.

We consider a job search and matching model where firms hire workers to exploit production
opportunities of different expected durations. Some production opportunities are expected to
end (i.e. to become unproductive) quickly, others are expected to last longer. This assumption
accounts for the heterogeneity of expected durations of jobs which is an important feature of
modern economies. For instance, firms can get orders for their products for several days, several
months or several years and it is not certain that these orders will be renewed. In the model,
jobs can be either permanent or temporary. Permanent employees are protected by dismissal
costs. Temporary jobs can be destroyed at zero cost at their expiration date, which is chosen at
the instant when workers are hired. But employers either have to keep and pay their employees
until the date of termination of temporary jobs in the ‘French type regulation’ or can dismiss
them at the same cost as for permanent contracts in the ‘Spanish type’ regulation. These
assumptions about employment legislation, which aim at accounting for the main features of
Continental European labor regulations, do not induce Pareto optimal allocations. However,
permanent workers protected by firing costs may support such regulations.*

When firing costs are sufficiently small, we find that all production opportunities are ex-
ploited with permanent jobs. When firing costs are relatively large, permanent jobs are chosen
to exploit production opportunities expected to go on for a long time, while temporary jobs
are used for production opportunities with short expected durations. In this framework, higher
firing costs increase the share of entries into temporary jobs.

We show that this model matches the main stylized facts concerning entries into permanent
and temporary jobs in Continental European countries. Moreover, calibration exercises show
that the durations of temporary jobs are much shorter than that of production opportunities.
Therefore, higher firing costs, by increasing the share of temporary jobs, induce a strong excess
of labor turnover on production opportunities with relatively short durations. This excess of la-

bor turnover is detrimental to temporary workers whose expected job duration becomes shorter

4See Saint-Paul, (1996), (2002).



when the employment protection of permanent jobs becomes more stringent. In this context,
increases in the protection of permanent jobs have very small negative effects on aggregate em-
ployment. However, this small aggregate impact is the consequence of two large counteracting
effects: a strong decrease in the number of permanent jobs and a strong increase in the number
of temporary jobs. This large reallocation of jobs, in line with empirical evidence,” decreases
aggregate production, because the production (net of labor turnover costs) of temporary jobs
is much smaller than that of permanent jobs. All in all, our model shows that protection of
permanent jobs has very small effects on aggregate employment, but induces employment com-
position effects that drastically reduce aggregate production. Changes in aggregate production
are about 20 times larger than changes in aggregate employment.

Our paper is related to at least three strands of the literature.

First, we introduce heterogeneity of idiosyncratic productivity shock arrival rates in the
job search model. This yields a framework useful to explain the distribution of job durations
and the coexistence of creations of temporary and permanent jobs. This approach sheds light
on the impact of temporary contracts from a different perspective from that which considers
temporary contracts as a way of screening workers before they are promoted into permanent
jobs.® Actually, in all countries, permanent contracts comprise probationary periods, with no
firing cost and very short notice, which are used to screen workers into permanent jobs. The
maximum mandatory duration of probationary periods is around several months, depending
on countries, industries and skills.” To the extent that temporary jobs cannot be terminated
before their expiration date, it can be profitable to screen workers by means of temporary
contracts only if the duration of the probationary period is too short, at least shorter than that
of temporary contracts.® Accordingly, the view which considers that temporary contracts are
used to screen workers can be useful to explain the spread of temporary jobs with long spell,
longer than that of probationary periods. But this approach cannot explain the huge amount
of creation of temporary contracts of very short spell, much shorter than that of probationary

periods.? For instance, in France, the average duration of temporary jobs is about one month

5See among others Autor (2003), Kahn (2010), Centeno and Novo (2011), Cappellari et al. (2011).

6See Bucher (2010), Faccini (2008), Kahn (2010), Nagypal (2002), Portugal and Varejao (2009).

"See: http://www.ilo.org/dyn/eplex/termmain.home?p lang=uk.

8In general, the probationary period of temporary jobs is much shorter than that of permanent jobs. Fur-
thermore, when a temporary job is transformed into a permanent job, the duration of the temporary job has
to be deduced from the duration of the probationary period of the permanent job.

9To the extent that workers can be dismissed at zero cost during probationary periods, at first sight it



and a half, while the probationary periods last at least two months and can go to eight months.
Second, we complement the literature on the impact of employment protection legislation
by explaining the choice between permanent and temporary jobs.!! Most of this literature does

12 Usually, in this literature, temporary jobs, which can be destroyed

not explain this choice.
at zero cost, are preferred to permanent jobs, which are costly to destroy, and it is either
assumed that all new jobs are temporary, or that the regulation forces firms to create permanent
jobs. As far as we know, four papers explain the choice between temporary and permanent
jobs in a dynamic setting.!®> Berton and Garibaldi (2006) propose a matching model with
directed search and exogenous wages in which firms are willing to open permanent jobs inasmuch
as their job filling rate is faster than that of temporary jobs. The model features a sorting
of firms and workers into permanent and temporary jobs. This model, which provides an
endogenous explanation for the coexistence of permanent and temporary contracts, predicts
that temporary workers have shorter unemployment durations than permanent workers, which
appears to be true in empirical analysis. Caggese and Cunat (2008) consider the optimal
dynamic employment policy of a firm that faces capital market imperfections and can hire
two types of labor: one that is totally flexible (fixed-term contracts) and one that is subject
to firing costs (permanent contracts). They assume that both are perfect substitutes but
permanent employment is relatively more productive. This implies that a firm without financing
constraints would hire permanent workers up to the point where expected firing costs are
equal to the productivity gain with respect to temporary workers. Cao, Shao and Silos (2010)
provide a matching model where firms find it optimal to offer high-quality matches a permanent

contract because temporary workers search on the job while permanent workers do not. Finally,

is more profitable to exploit job opportunities expected not to last long with permanent contracts that are
terminated at no cost during the probationary periods, rather than with temporary contracts that cannot be
terminated before their date of termination even if the job becomes non profitable. However this type of behavior
is unlawful. An employer who systematically hires workers with permanent contracts and dismisses them during
the probationary period instead of using temporary contract takes the risk of being sentenced. Our paper does
not account for probationary periods which are left for future research. We merely assume that permanent
workers are protected by firing costs from the start of their contract.

10Tn France, the legal maximum duration of the probationary period for permanent contract goes from 2
months for blue collar workers to 4 months for white collar workers. The probationary period can be renewed
once if this is stipulated in the labor contract.

1 See among others, Lazear (1990), Bentolila and Saint-Paul (1992), Saint-Paul (1996), Ljungqvist (2002),
I’Haridon and Malherbet (2009).

12See, among others: Blanchard and Landier (2002), Cahuc and Postel-Vinay (2002), Boeri and Garibaldi
(2007), Sala et al. (2011), Costain et al. (2010), Bentolila et al. (2010), Saint-Paul (1996).

13Kahn (2010) provides a static two period model where temporary jobs are used to screen workers.



Alonso-Borrego, Galdon-Sanchez and Fernandez-Villaverde (2011) assume that permanent and
temporary jobs have different firing costs and hiring costs. In these papers, the duration of
temporary jobs is exogenous and it is assumed that firms can dismiss workers before the date
of termination of temporary contracts. We use an alternative approach, consistent with actual
employment protection legislations of Continental European countries, where the duration of
temporary jobs is chosen by employers and workers and where workers cannot be dismissed
before the date of termination of temporary contracts or where the rule for dismissals is the
same for temporary and permanent contracts .

Third, some papers explain why short-term contracts and long-term contracts may coexist
in the absence of employment protection legislation. This issue is particularily relevant to
understanding the emergence of temporary contracts in labor markets where there is little
difference between the termination costs of temporary and permanent contracts, as in some
Anglo-Saxon countries. Smith (2007) has provided a stock-flow matching model where it can
be optimal to hire low profitable workers on a temporary basis in order to try to hire more
profitable workers when the stock of job seekers has been sufficiently renewed. This model offers
an underlying rationale for why some employment is limited in duration. It also explains the
duration of temporary contracts. In our approach, which is complementary, the utilization of
temporary contracts does not hinge on a stock-flow matching model but on the heterogeneity
of expected production opportunity durations in an environment where there is a legal menu
of contracts. Moreover, contrary to Smith, we assume a labor market with free entry. Macho-
Stadler, Pérez-Castrillo and Porteiro (2011) provide an alternative explanation where long-term
contracts allow the better provision of incentives because firms can credibly transfer payments
from early to late periods in the life of the workers, and this transfer alleviates the incentive
compatibility constraint. In this setup, short-term contracts can emerge in equilibrium because
they allow the market to ensure a better matching between agents’ abilities and firms’ needs.

Our paper is organized as follows. Some stylized facts are provided in section 2. The search
and matching model is presented in section 3. Section 4 presents calibration exercises that enable
us to evaluate the impact of the regulation of job protection on labor turnover, employment and
aggregate production. Section 5 introduces some extensions: it shows that ‘French type’ and
‘Spanish type’ regulations yield the same outcome. Then, it introduces mandatory limits on

the duration of temporary contracts and the possibility to renew temporary contracts. Section



France Spain

Number of jobs (stock) 15.9 12.9
Annual entries into temporary jobs 26.7 14.4
Annual entries into permanent jobs 3.2 1.6

Number of entries/Number of jobs  1.88 1.24

Table 1: Number of jobs and number of entries (in millions) into employment according to the
type of contract. Private non agricultural sector. Period 2000q1 2010q2 for France and 2005q1
2010g2 for Spain. Source: ACOSS and Spanish State Employment Office.

6 concludes.

2 Stylized facts

This section presents three important properties of entries into employment in France and in
Spain.'* First, most entries are into temporary jobs.!” In both countries, about 90 percent
of entries are into temporary jobs over the period 2000-2010. Second, the average spell of
temporary jobs is very short. For instance, in France, the average duration of temporary jobs
is about 1.5 months. As a consequence of these two properties, the number of entries into
employment is very large in both countries, as shown by table 1. In France, the ratio of annual
entries into employment over the stock of jobs is equal to 1.88. In Spain, the ratio is about
1.24. This ratio is smaller than in France. This might be due to the fact that not all entries
into employment are reported in Spain.

The third property, illustrated by figures 1 and 2, is that the main part of fluctuations
in employment inflows is due to inflows into temporary jobs. In France changes in total em-
ployment inflow are mainly driven by temporary jobs, as shown by figure 1. The average gap
between the number of entries and its trend is seven times larger for temporary jobs than for
permanent jobs. In particular, at the beginning of the recession that started in 2008, there is
a strong drop of entries into temporary jobs, much larger than the drop of entries into perma-
nent jobs. Figure 2 shows that employment inflows follow a similar pattern in Spain where the

average gap between the number of entries and its trend is eleven times larger for temporary

4The choice of France and Spain is motivated by the availability of data (ACOSS and DARES for France,
Spanish State Employment Office for Spain). As far as we are aware, other continental European countries have
only limited information on entries into employment by type of labor contracts.

15 Temporary jobs include all fixed-term jobs, including jobs of temporary work agencies.



jobs than for permanent jobs. The collapse of employment inflow in 2008 comes from the drop
of entries into temporary jobs. Over the period accounted for in figure 2, short run fluctuations

in employment inflow are mostly driven by temporary jobs.

3 The model

For the sake of clarity, we begin by presenting a simple benchmark model where production
opportunities become unproductive at constant Poisson rates. This setup is then extended
to include productivity shocks as in the framework of Mortensen and Pissarides (1994) before

analyzing the labor market equilibrium.

3.1 The benchmark setup

There is a continuum of infinitely-lived risk-neutral workers and firms, with a common discount
rate r > (0. Workers are identical and their measure is normalized to 1. Firms are competitive
and create jobs to produce a numéraire output, using labor as sole input. All jobs produce
the same quantity of output per unit of time, denoted by y > 0, but jobs differ by the rate
at which they become unproductive, denoted by A > 0. The type A of the job is assumed
to be randomly selected in [Apin, +00), Amin > 0, according to a sampling distribution with
cumulative distribution function G and density g. The distribution of A has positive density
over all its support and no mass point. Jobs and workers are brought together pairwise through
a sequential, random and time consuming search process. Unemployed workers sample job offers
sequentially at a Poisson rate a > 0. This rate will be made endogenous later in the paper.

There are two types of contracts: temporary and permanent. Permanent contracts are the
‘regular’ type of contracts. Permanent contracts stipulate a fixed wage that can be renegotiated
by mutual agreement only: renegotiations thus occur only if one party can credibly threaten
the other to leave the match for good if the latter refuses to renegotiate. Permanent contracts
do not stipulate any pre-determined duration. Permanent jobs can be terminated at any time
at cost I, paid by the employer. F' is a red-tape cost, not a transfer from the firm to the
worker (such as severance pay). There is a (small) cost to write a contract, either temporary
or permanent, which is denoted by ¢ > 0.

Temporary contracts stipulate a wage and a fixed duration. Temporary contracts are neither

renegotiable nor renewable. The employer must pay to the worker the wage stipulated in the
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contract until the date of termination even if the job becomes unproductive before this date.'
At their date of termination, temporary jobs can be either destroyed at zero cost or transformed
into permanent jobs. Then, new permanent contracts can be bargained over.!”

When they meet, workers and employers bargain over a contract that maximizes the surplus
of the starting job, which can be either temporary or permanent. A temporary contract is chosen
if it yields a higher surplus than a permanent contract. If a temporary contract is selected, the
wage profile and the duration of the contract are chosen once for all in the starting contract

because it is not allowed to renegotiate the contract.

3.1.1 The surplus of permanent and temporary jobs

Let us denote by U the value of unemployment to the worker. It is assumed that a vacant job
has zero value to the employer.!® The surplus of starting permanent jobs with shock arrival
rate A\ can be written as

S,(\) = (y —rU) / etV dr — F / e~ TTNTAr — ¢,
0 0

In this equation, the first term, (y — rU) fooo e~ tV7d 7 stands for the present value of the
expected instantaneous surpluses, equal to the difference between y, the production, and rU,
the reservation utility. The term in the integral is equal to the discount factor e™"" times the
survival function e *7. The second term, —F fooo e~ )77 stands for the present value of
the expected firing costs. The last term, ¢, is the cost to write the contract. The surplus of a
starting permanent contract can be rewritten as

y—rU—-AF

5p(A) = T4\

c. (1)

Similarly, the surplus of starting temporary jobs with shock arrival rate A and duration A

can be written as (see appendix B)

A
St (N A) = / (ye ™ —rU) e”""dr + max [S,()\), 0] e~ MHNA _ ¢ (2)
0

16We consider the ‘French type’ regulation as a benchmark because it is easier to analyze. We show that the
Spanish type regulation, where where the rule for dismissals is the same for temporary and permanent contracts,
yields exactly the same outcome in section 5.1.

1"In many countries, there is a mandatory limit on the duration of temporary contracts and temporary
contracts can be renewed several times. These two features of labor contracts will be analyzed in section 5.

18This condition holds true at market equilibrium as shown below.
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The first term, fOA (ye_’\T —rU ) e~ "7dr, stands for the present value of the expected instan-
taneous surpluses over the duration of the job. In this expression, the level of production y is
multiplied by the survival function because the production can drop to zero at rate A\. The term
rU is not multiplied by the survival function because the employer has to keep and pay the em-

THNA g

ployee until the date of termination of the contract. The second term, max [S,()), 0] e~
an option value associated with the possibility to transform the temporary job into a permanent
job at the date of termination of the temporary contract. This option value decreases with the
duration of the contract because time is discounted at rate r and because the probability that
the job is productive at the date of termination of the contract decreases with the spell of the

contract. The last term is the cost of writing the contract.

3.1.2 Optimal duration of temporary jobs

The optimal duration of temporary jobs maximizes the surplus of starting temporary jobs.
Therefore, the optimal duration of a temporary job with shock arrival rate A is defined by the

first order condition!?

ye 2 —rU — (r + \) e max [S,()),0] = 0. (3)

In this expression, the term ye *4

stands for the marginal gain of an increase in the duration
of the job. This gain decreases with the duration of the job because the survival probability of
production opportunities decreases with the job spell. It goes to zero when the duration goes
to infinite. The marginal cost is equal to the sum of the two other terms. The first term, rU,
is the flow of value that the employee can get if the job is terminated. The second term is the
option value associated with the possibility to transform the temporary job into a permanent
job. The marginal cost decreases with the duration of the job and has a strictly positive lower

bound, equal to rU.

The first order condition yields, together with equation (1), the optimal duration as a

19The second order condition is always fulfilled. When S,(A) < 0, the second order condition is —Aye™* < 0.
When S,(A) > 0, the derivative of the first order condition with respect to A is

e e (r A AS, (),

which is equal to (using the first order condition): —ArU < 0

10



function of A\, denoted by

where )\, is defined by the condition

1
A

ln(

1] (w

A(A)—{Xn

rU

)

ifA< A,
if A >\,



IO

p A

Figure 3: The relation between the shock arrival rate A\ and the optimal duration of temporary
jobs A(N).

3.1.3 Choice between temporary and permanent contracts

When a job is created, firms and workers choose the type of contract that provides the highest
surplus. Figure 4 displays the surplus of permanent jobs and the surplus of temporary jobs for
all possible values of the shock arrival rate \.?2

The surplus of permanent jobs is positive when A is below the threshold value A,. When
the shock arrival rate is above \,, permanent jobs cannot be created. However, it can be worth
creating temporary jobs if the surplus of starting temporary jobs, S;(\) = maxa Si(\, A), is

positive for some values of A > A, which is equivalent to (as shown in appendix C):

o= () A(N) _ —rA(Np)
1 € . . _ e*/\pA()‘p)le—p > c. (6)

T4+ Ap T

Y

Condition (6) can be fulfilled if ¢ is small. A, also has to be small, which corresponds to
situations where F'is large. In other words, this condition means that it can be worth creating
temporary jobs when permanent jobs are not profitable if firing costs are high and if the cost

to write labor contracts is small. If condition (6) is not fulfilled, there are no temporary

22See appendix C.
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jobs. Since we want to study equilibria with temporary jobs, let us assume for now that this
condition holds.?® It follows that the surplus of temporary jobs is positive on the non empty
interval [\, ] (see appendix C), where \; stands for the threshold value of the shock arrival

rate above which the surplus of temporary jobs is negative.

A

Temporary jobs transformed Temporary jobs not transformed
into permanent jobs into permanent jobs

S¢(A)

Permanent jobs

Figure 4: The relation between the shock arrival rate and the type of job creation when there
is no mandatory limit on the duration of temporary contracts.

When the shock arrival rate is smaller than )A,, the surplus of temporary and permanent
jobs is positive. Firms and workers choose the type of contract that yields the highest surplus.
In that case, if firing costs are not too large, i.e. if F' < U (see appendix C), there exists a
threshold value of the shock arrival rate, denoted by A,, such that it is preferable to create
permanent jobs when the shock arrival rate is smaller than \;. Otherwise, when firing costs
are above U, it is always preferable to create temporary jobs whatever the shock arrival rate.
Figure 4 summarizes the relation between the shock arrival rate and the type of job creation
in the case where F' < U.

It is worth stressing that there exists a trade-off between permanent jobs and temporary
jobs because there are costs to write contracts and contracts are incomplete. If it is not costly

to write (or to renegotiate) contracts, it is always preferable to hire workers on temporary jobs,

23(6) is always satisfied when ¢ = 0.

13



possibly for very short periods of time, and then to transform temporary jobs into permanent
jobs rather than directly hiring workers on permanent jobs.?* We also exclude the possibility to
write a single contract that stipulates a contingent transformation of temporary contract into
permanent contract at the instant when the worker is hired. It is likely that such contracts are
not observed in the real world because they are too costly to verify.

Finally, it is worth noting that our model implies that temporary jobs pay lower wages
than permanent jobs even when their productivity is the same. There are two reasons for
this property, consistent with empirical evidence.?” First, the duration of temporary jobs is
shorter than that of permanent jobs. This induces a lower average surplus for temporary jobs
as shown by figure 4. Second, the impossibility to terminate temporary contracts before their
date of termination implies that there are situations where employers pay positive wages to

unproductive temporary workers. This reduces their entry wage which is not renegotiated.

3.2 Productivity shocks

Let us now provide an extension of the benchmark model where it is assumed that shocks do
not strike down productivity to zero once for all, but imply a new value of the productivity
drawn in a stationary distribution as in the model of Mortensen and Pissarides (1994). Let us
assume now that the production of an employee is a random variable with distribution H(y)
which has upper support y, and no mass point. The productivity of each employee changes
at Poisson rate \. When productivity changes, there is a drawing from the fixed distribution
H(y). For the sake of simplicity, is assumed that the productivity of new matches is equal to the
upper support of the distribution, as in Mortensen and Pissarides (1994). In what follows, we
show that the model with productivity shocks can be solved in a similar way as the benchmark

model.

24Formally, it can be checked that S,(A) < S;(\) when ¢ = 0. In the simulations, ¢ takes very small values
relative to y.

25Empirical evidence shows that temporary workers get lower wages than permanent workers controlling for
a large cluster of observable characteristics. For instance, Booth et al. (2002) find that temporary workers in
Britain earn less than permanent workers (men 8.9 percent and women 6 percent). Hagen (2002) finds an even
larger gap, about 23 percent in Germany, controlling for selection on unobservable characteristics.

14



3.2.1 The surplus of permanent and temporary jobs

The surplus of a continuing permanent job with shock arrival rate A\ and productivity y, denoted

by S.(y, \) satisfies the Bellman equation

rSu(y, N) =y — (U — F) + A (/y max [S.(z, \), 0] dH (z) — S.(y, )\)) . (7)

Continuing permanent jobs are destroyed when their surplus becomes negative. Since
Se(y, A) increases with y, jobs are destroyed if their productivity drops below the reservation
value, denoted by R(\), such that S.(R,\) = 0. This reservation productivity satisfies

R()\):r(U—F)—)\/Ri:)yT_TRi)\)

dH (y). (8)
This equation implies that R(\) is a decreasing function of A.

The surplus of starting permanent jobs with shock arrival rate A and productivity y, denoted
by Sp(y, A), is equal to S.(y, A) — F —c. The creation of permanent jobs can proceed from entries
of unemployed workers into employment. In that case, permanent jobs can be created only if
Sp(Yus A) > 0, or in other words, if the shock arrival rate is below the threshold value A, such
that S,(yu, Ap) = 0. The creation of permanent jobs can also proceed from the transformation
of temporary jobs. In that case, the starting productivity of permanent jobs is not necessarily
equal to y, because temporary jobs are hit by productivity shocks. The reservation productivity
above which temporary jobs are transformed into permanent jobs, denoted by T'()\), such that
Sp(T,A) =0, 1is

TA) =R\ +(r+X)(F+c). 9)

The surplus of starting temporary jobs with shock arrival rate A and duration A can be
written as (see appendix D)

S\ A) = /0 : (e_’\Tyu +(1—e) / " ydH (y) — rU) e "Tdr + (10)

—0o0

Yu
e "MV max [S,(yu, A), 0] + (1 — e ) 6_TA/ max [Sp(y, A), 0] dH (y) — c.

The integral of the first row stands for the present value of the instantaneous surpluses
obtained over the duration of the temporary contract. The terms of the second row correspond
to the present value of the gains expected at the date of termination of the temporary contract

minus the cost to write the contract.
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3.2.2 Optimal duration of temporary contracts

Once the value of starting jobs is known, it is possible to determine the optimal duration of
temporary jobs and the choice between temporary and permanent contracts.
The optimal duration of temporary jobs is the value of A, denoted by A(\), which maximizes

Si(A, A).We get (see appendix E)

1 Yu—G—(r+2)[Sp (Yu;\) —x] :
Ay In NSy ) i A< A, "
Lin (L) itA> A,

where j = [** ydH(y), x = Jr(ny Sp(y, AN)AH (y), and A, is defined by the condition Sp(yu, Ap) =
0.

This expression of the optimal duration of temporary contracts looks like that obtained in
the benchmark model (see equation (4)). The optimal duration decreases with the shock arrival

rate A and increases with the productivity of starting jobs.

3.2.3 Choice between temporary and permanent contracts

The choice between the creation of temporary and permanent jobs is determined by the com-
parison of the values of the surplus of starting jobs. As in the benchmark model, there are values
of the parameters such that temporary jobs are preferred to permanent jobs if the shock arrival
rate is above a threshold denoted by A, which satisfies S, (y,, As) = Si(As) (see appendix F).
Below this threshold, permanent jobs are created. There also exists an upper finite value of the
shock arrival rate, \;, such that S;()\;) = maxa Si(\;, A) = 0, above which no job is created.
Temporary jobs with shock arrival rate A belonging to the interval (A, A;) are transformed into
permanent jobs only if their productivity is above the reservation value T'(\). Otherwise, they

are destroyed.

3.3 Labor market equilibrium

Let us now describe the process of job creation, the matching between workers and jobs and the
bargaining between workers and employers in order to determine the labor market equilibrium.

Firms must invest £ > 0 to find a production opportunity.  is a sunk cost. As decribed
above, all production opportunities start with the same level of productivity y,. Then, they are

hit by shocks at Poisson rates A\ that differ across jobs. Firms draw production opportunities in
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the distribution G(\) just after the sunk cost x has been paid. When a production opportunity
is found, a job vacancy can be created. The value of a type-A vacant job (i.e. with shock arrival
rate A) is denoted by V(). Free entry implies that the expected value of vacant jobs is equal
to the investment cost

K= /max [V(A),0]dG(N). (12)
Unemployed workers and job vacancies are brought together through a constant returns to scale
matching technology which implies that vacant jobs are filled at rate ¢(#), ¢'(#) < 0, where 6 =
v/u denotes the labor market tightness, equal to the ratio of vacancies, v, over unemployment u.
For the sake of simplicity, it is assumed that the instantaneous cost of vacancies equals zero and
that firms must re-invest to find new job opportunities when matches are broken. Moreover,
bargaining allows workers to get the share 5 € (0,1) of the job surplus. Therefore, the value of

type-A vacant jobs satisfies

rV(A) =q(0) [(1 = B)S(A) = V(N)] (13)
where S(A) denotes the surplus of type-A starting filled jobs. Firms create type-A vacancies
only if their expected value is positive. Since it has been shown above that all (temporary and
permanent) job surpluses S(A) decrease with A and become negative when A goes to infinite,
this implies that type-A vacant jobs are created only if A < Ag,, Where Ay, equals either )\,
(see figure 4) if the equilibrium comprises temporary and permanent jobs or A, if there are
permanent jobs only, which occurs when firing costs are sufficiently small.

The matching technology implies that unemployed workers sample job offers at rate o =
0q(0). Thus, denoting by z the instantaneous income of unemployed workers, the value of

unemployment satisfies
S
G (Asup)

Asup
rU:z+0ﬂ@6/) dG(N).
)\min

Combining the three previous equations, we get

Bolr +a(0)]
(1 - 6) G(Asup)

This equation shows that increases in labor market tightness, which increase the arrival rate

rU =z + (14)

of job offers, improve the expected gains of unemployed workers.
There are two possible types of labor market equilibrium. One where there are only perma-

nent jobs and another where there are permanent and temporary jobs.20

26 An equilibrium with temporary jobs only can exist in our framework if there is a sufficiently low upper
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3.3.1 Equilibrium with permanent jobs only

When firing costs are sufficiently small, all jobs are permanent because the surplus of permanent
jobs is always larger than that of temporary jobs. It is possible to find a system of two equations
that defines the equilibrium value of (6, \,). From equations (12) and (13), the free entry
condition can be written as

_a0)(1-B)

At [ simenaco. (15)

)‘min
where S, (yy, A) is defined by equation (1) and U, which shows up in the expression of S, (v, A),
by equation (14). We get another relation between § and A, using the condition that defines

the threshold value of shock arrival rates above which no jobs are created:
Sp(Yus Ap) = 0. (16)

Equations (15) and (16) define a unique equilibrium value of (6, A,) provided that the conditions

of existence are satisfied, which is assumed.?”

3.3.2 Equilibrium with permanent and temporary jobs

When firing costs are sufficiently large, starting jobs can be either temporary, with surplus

Si(A), or permanent, with surplus S,(y,, A). The free entry condition becomes

S

min

Sp(Yu, N)AG(N) + / ) St()\)dG(A)] . (17)

This equation defines a relationship between 6 and the thresholds. In turn, the conditions

Si(A) =0 (18)
Sp(ym )\s> = St<)‘s) (19)
Sp(Yus Ap) = 0, (20)

define the thresholds as a function of #, once the relation between rU and 6 has been taken

into account in the expressions of the surpluses S; and S,. Then,?® equations (18), (19), and

bound on the expected durations of job opportunities. We rule out this possibility for the sake of realism. We
also rule out the trivial equilibrium without entries into employment.

27See appendix G.1.

28Gee appendix G.2.
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(20) together with (17) define a unique equilibrium value of the 4-uple (A Ay, A, 0) provided

that it exists, which is supposed.

3.4 Unemployment

Once the equilibrium value of the labor market tightness and of the thresholds A, A\, and \;
are known, it is possible to define unemployment, and the mass of temporary and permanent
jobs at equilibrium (for the sake of simplicity, we only focus on steady state).

Let us begin to define the steady state unemployment rate in the equilibrium where there
are permanent jobs only. The mass of permanent jobs with shock arrival rate A is denoted by
¢(\). By definition, the unemployment rate is

w=1- /Ap £(\)dA 21)

min

In steady state, the equality between entries and exits in type-A jobs is

uapg(A) = LX) /d(A). (22)
where ¢(A) = 1/AH [R())] is the expected duration of type-A jobs and «, = a/G(),) =
09(0)/G(Ap)-

Equations (21) and (22) imply
! (23)

u =
L+a, [;7 ¢(A)dG(N)
This equation shows that the unemployment rate decreases with 6g(0), the arrival rate of job
offers, and with the duration of jobs.

Let us now analyze the equilibrium with temporary and permanent jobs. s;(A) denotes the
mass of type-A temporary jobs which are transformed into permanent jobs. s,(\) denotes the
mass of type-\ temporary jobs which are not transformed into permanent jobs and u denotes
the unemployment rate. We can write

Ap Ap At
u=1 —/ (N)dA —/ st(A)d)\—/ Sp(AN)dA (24)
Amin >‘s Ap
There are permanent jobs over the interval [Amin, A,|. The equality between entries into and

exits out of permanent jobs with expected duration ¢(\) can be written as

. B EPSSYNGY) .
{ M[1-H(TW)(1 )] — @ if A € [As, A

B(A)

(25)
uog(\) = L2 if A € [Amins As]
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where oy = a/G(\) = 0q(0)/G(\;). The first row of equation (25) accounts for the transfor-
mations of temporary jobs into permanent jobs. The second row accounts for the entries of
unemployed workers into permanent jobs. The equality between entries into and exits out of

temporary jobs with expected duration A()) can be written as

uong(\) = ‘Z((i)) if A € [As, A (26)
wag(\) = SA"&) if A € [Ap, Ad] (27)

Equations (24) to (27) imply:

—_

u =
L an | [ ANAG () + [ 9)dG (V) + [37 6(0) [1 = H(T(V) (1 = 240 dG ()]
This equation shows that the unemployment rate decreases with the arrival rate of job offers

and with the duration of jobs.

4 Simulation exercises

In this section, we calibrate the model to explore its property. In particular, we show that the
model is able to reproduce the main properties of entries into employment observed in countries
like France and Spain where there is a stringent employment protection legislation and a large
share of temporary jobs. The model is first calibrated to match the labor market of the US
economy where firing costs are close to zero. Then, firing costs are increased to evaluate their

impact on entries into permanent and temporary jobs.

4.1 The benchmark economy without firing costs

The parameters and targets used in the calibration refer to the US economy which represents
the benchmark economy without firing costs. Admittedly, this assumption is an approximation,
to the extent that we neglect the exceptions to the employment at will doctrine which induce
firms to use some temporary contracts (see e.g. Autor, 2003). However, employment protection
legislation remains very weak in the US relative to most other OECD countries, and especially
to Continental European countries (Venn, 2009).

The values of the parameters are in the range of those chosen in the literature (see e.g.

Mortensen and Pissarides, 1999, Shimer, 2005, and Mortensen and Nagypal, 2007). We define
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the time period to be one quarter, and consequently set the discount rate r to 1.23%, which
corresponds to a 5 percent annual discount rate. The value of the bargaining power parameter
B is set to 0.5 and the income of unemployed workers (the value of leisure), z, is equal to 0.3. As
in Mortensen and Pissarides (1994), the distribution of idiosyncratic shocks is assumed to be
uniform in the range [ymin, 1]. We follow the literature and assume a Cobb-Douglas matching
technology of the form H(v,u) = hu"v'™" where h is a mismatch parameter and 7 is the
elasticity of the matching function with respect to unemployment. We assume 7 to be equal
to 0.5, which is in the range of the estimates obtained by Petrongolo and Pissarides (2001).
The sampling distribution of type-d jobs, § = 1/\, is a truncated log normal distribution. The
range of expected durations of production opportunities is comprised between one day (1/65
quarter, 65 being the number of days worked per quarter, given that there are 13 weeks per
quarter and 5 days of work per week) and 45 years (180 quarters).

Then, assuming that the bottom equilibrium value of 6, = 1/)\,, is equal to that of the
truncated distribution of expected durations (one day) and as in Shimer (2005) that the average
V-U ratio is equal to one, we are left with 6 unknown parameter values: the parameter of
the cdf of the productivity distribution, #,i,, the two parameters of the cdf of the sampling
distribution of durations of production opportunities, ¢, the cost of writing contracts, h, the
mismatch parameter and s, the investment cost. We determine the values of these parameters
with six equations assuming that /' = 0. First, equations (15) and (16) pin down the values of 0
and d,. Second, two equations define the median and the mean value of the expected durations
of production opportunity. The median and the mean durations, equal to 4 years (16 quarters)
and 6.67 years (26.678 quarters) respectively, are obtained from the CPS, Displaced Workers,
Employee Tenure, and Occupational Mobility Supplement, for the private sector in 2008. Third,
one equation targets an average quarterly job finding rate of 1.35 (see eg: Shimer, 2005 or
Nagypal and Mortensen, 2007). Finally, equation (23) is used to match the unemployment
rate, equal to 6 percent.

Accordingly, the minimum match product is ym;,, = 0.017, the values of the shape and of
the log-scale parameters of the sampling distribution are equal to o = 0.9360 and p = 1.9032
respectively. The cost of writing contracts is very small, ¢ = 0.0017, which is roughly equal to
0.1756 percent of the average quarterly production of a job. The mismatch parameter is set to

h = 1.35 and the cost to find production opportunities is x = 0.4389. Baseline and calibrated
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parameters are summarized in Table 2.

Table 2: Benchmark parameters values

Baseline parameters Calibrated parameters

Parameter Notation Value Parameter Notation Value

Bargaining power 6] 0.5 | Cost of a contract c 0.0017

Matching elasticity i 0.5 | Mismatch parameter h 1.35

Discount rate r 1.23% | log N - shape parameter o 0.9360

Value of leisure z 0.3 | log N - scale parameter 1 1.9032

Maximum match product Ymax 1 Minimum match product Ymin 0.017
Investment cost K 0.4389

4.2 The economy with firing costs and temporary contracts

Let us now look at the consequence of firing costs.?? This exercise allows us to illustrate the
mechanism of the model and to see whether it can potentially reproduce the three stylized facts
presented above in section 2.%°

The first fact is that the share of entries into temporary jobs strongly increases with job
protection. Figure 5 shows that the model predicts that firing costs do have a strong impact on
the share of entries into temporary jobs. Firms begin to use temporary contracts when firing
costs reach about one percent of the average quarterly production of an employee. Then, when
firing costs increase, the share of entries into temporary jobs rises steadily. It amounts to 90
percent of all entries into employment when firing costs equal about 20 percent of the average
quarterly production of a job, which is a reasonable order of magnitude given the available
estimates.3! All in all, the model allows us to explain the large share of entries into temporary

jobs observed in Continental European countries.

2We focus on steady states only.

30Obviously, this exercise is illustrative. It is not meant to reproduce the labor market of a specific country, but
more generally to illustrate the consequences of the introduction of firing costs in a labor market with frictions
and flexible wages. Dealing with a specific country, with strong job protection, would require accounting for the
influence of minimum wage and/or collective bargaining that play an important role in countries with strong
job protection. This issue, which is beyond the scope of this paper, is left for future research.

31Kramarz and Michaud (2010) estimate that the termination of the contract of a marginal permanent job
amounts to 16 percent of the annual wage for an individual layoff and to 50 percent of the annual wage for a
collective layoff in France. Since about three over four layoffs are individual layoffs, the average cost is 25 percent
of the annual wage, which corresponds to 2/3 of the quarterly production if the share of wages in production
is 2/3. This implies that red-tape costs amount to about 1/3 of the total layoff costs if layoff costs equal 20
percent of the average quarterly production of a job.
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Figure 5: The relation between firing costs (in shares of quarterly production of an employee)
and the share of entries into temporary jobs in total employment inflows.

The predictions of the model are also in line with the second stylized fact according to which
the average duration of temporary jobs is very low, about 1.5 months in France. Indeed, the
model predicts that the average duration of temporary jobs is 0.45 quarter when 90 percent of
entries are into temporary jobs.

Figure 6 shows that the model fits the third stylized fact, according to which changes in
entries into temporary jobs account for the main share of changes in the total number of entries
into employment. This figure represents the relation between changes in the cost of finding
production opportunities (parameter ) and changes in the number of entries into temporary
and permanent jobs. Increases in the cost of finding job opportunities induce much larger drops
in entries into temporary jobs than into permanent jobs. The drop in entries into temporary
jobs is about nine times larger than the drop of entries into permanent jobs. This order of
magnitude is in line with the facts observed in France and Spain over the period 2000-2010, as

stressed in section 2.

23



- e e e - o o

-06 + .- |

-08 .- |

Change in the number of entries

12 b = .

-4 ¢ 1 1 T 1 | 1 1 1 1 |
044 0445 045 04% 046 0465 047 0475 048
k
‘ Temporaryjdas = = = Permanetjds ‘

Figure 6: Changes in the number of entries into temporary and permanent employment induced
by changes in &, the cost of job creation.

4.3 Job protection and the excess of job turnover

Our model is particularly useful to evaluate the impact of job protection on job turnover,

employment and production.

4.3.1 Job turnover

Our model predicts, in line with empirical evidence, that the average duration of temporary
jobs is short, about 1.5 months, when the share of temporary jobs in entries corresponds to
that observed in France or Spain. It is interesting to compare this duration with that of jobs
that would be used to exploit the same production opportunities (on the same range of type-A
jobs) in the absence of job protection, where all jobs are permanent according to our model.
In the absence of job protection, the average duration of these jobs is much longer, equal to
35 months. This result is illustrated on figure 7, which shows that the duration of temporary
jobs is much shorter, than that of permanent jobs that would be in place to exploit the same
production opportunities in the absence of firing costs. For instance, when the expected duration
of permanent jobs in the absence of firing costs equals one quarter, the duration of temporary

jobs is about three weeks. The difference is indeed quite large, and it increases with the expected

24



spell of production opportunities. The reason is that firms want to avoid situations where they
have to pay unproductive workers. This implies that firing costs can induce, through their
impact on the creation of temporary jobs, an important excess of job turnover which can induce
large production losses. Obviously, this result hinges on the assumption that the shock arrival
rate follows a Poisson process with constant instantaneous probability. Empirical estimates
usually find non monotonous separation rates that begin to increase with tenure and then
decrease toward a level that is lower than that observed at the beginning of the employment
spell (see e.g. Booth et al., 1999). The relative high level of separation rates at the beginning
of employment spells suggests that the shock arrival rate is higher at the beginning of job
spells. This feature should induce employers to shorten the duration of temporary contracts
with respect to a situation where the shock arrival rate is constant. Accordingly, it is likely
that the assumption of constant shock arrival rate leads to underestimation of the discrepancy
between the duration of temporary jobs and that of production opportunities. Figure 7 also
shows that the durations of temporary jobs and permanent jobs react in opposite directions
when firing costs increase: when there are higher firing costs, the average expected duration of
new temporary jobs is less than the average expected duration of jobs that would have been
created to exploit the same production opportunities in the absence of job protection. In other
words, firing costs have opposite effects on the duration of jobs created to exploit production
opportunities with short duration and on the duration of jobs created to exploit production
opportunities with long expected duration. As shown by Figure 8, which represents the density
of jobs durations, higher firing costs increase the dispersion of job durations. When firing costs
are higher, there are more jobs with long durations. But there are also more jobs with short
durations, because there are more temporary jobs.

It turns out that these two counteracting effects have a total positive impact on the average
job duration in our model. The average job duration can be computed in two different ways. We
can compute either the average duration of the stock of existing jobs or the average expected
duration of new jobs created at any date. As shown by Figure 9, increases in firing costs raise
the average duration of the stock of jobs (left hand side panel) and of new jobs (right hand side
panel). The effects are nevertheless small: increasing dismissal costs from the level observed in
the US (equal to zero in the calibration) to that observed in a Continental European country

like France or Spain (equal to about 20 percent of the average quarterly production of jobs) ,
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Figure 7: The relation between the expected duration of production opportunities () and the
duration of temporary jobs for different values of firing costs (in share of quarterly production
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Figure 8: The density of expected job durations (in quarters) of new jobs for different values
of firing costs (in share of quarterly production of an employee).
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Figure 9: Mean job duration (in quarters) and firing costs (in share of quarterly production of
an employee). Left hand side panel: Mean duration of the stock of jobs. Right hand side panel:
Mean expected duration of new jobs.

raises the average duration of the stock of jobs by 1.5 percent and the average expected duration
of the new jobs by 2 percent. This small impact is the result of the two counteracting effects of

firing costs on job durations.

4.3.2 Employment and production

According to our simulation exercises, aggregate production is 2 percent lower in the economy
with firing costs equal to 20 percent of the average quarterly production of jobs than in the
economy without job protection. Employment is 0.06 percent lower. This shows that changes in
production are much larger than changes in employment. Table 3, which displays the impact of
an increase in firing costs from 20 percent to 21 percent of the quarterly average production of
jobs, sheds more light on this issue. The three bottom rows show that job protection induces a
strong decrease in the number of permanent jobs which is almost compensated by the increase

in the number of temporary jobs, so that the impact of job protection on total employment is
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very small, equal to 0.005 percent. The variation in total employment is very small compared
to that of permanent jobs, meaning that job protection entails a strong reallocation of jobs
and negligeable effects on total employment. This reallocation has important consequences on
production (defined as the market production net of hiring costs). Rows 2 and 3 of table 3 show
that job protection decreases the production of permanent jobs and raises the production of
temporary jobs. As for employment, these two counteracting effects entail a small negative effect
on total production, equal to 0.1 percent. However, the relative drop in production is twenty
times larger than the relative drop in employment. This large difference is the consequence of
the increase in the share of unstable jobs which raises labor turnover costs. In other words, the
detrimental effects of job protection are mainly due to its impact on the reallocation between

permanent and temporary jobs.

Variation in aggregate production AY —0.0832
Variation in temp. jobs production AY, 0.1491
Variation in perm. jobs production AY, —0.2323
Variation in the number of jobs A(1—wu) —0.0046
Variation in the number of temp. jobs As 0.2103
Variation in the number of perm. jobs Ap —0.2149

Table 3: Decomposition of the impact of an increase in F from 0.20 to 0.21 on production and
employment. At F=0.20, employment is equal to 93.95 and production to 88.16.

5 Extensions

Our benchmark model can easily be extended to account for the main characteristics governing
the regulation of employment contracts in Europe. In this spirit, we first show that the ‘Spanish
type’ regulation, which allows to terminate temporary contracts before their expiration date
at the same cost as for permanent contracts yields the same outcome as the ‘French type’
regulation. Then, we introduce a mandatory limit on the duration of temporary contracts.
Finally, we allow for the renewal of temporary contracts. For the sake of simplicity, these
extensions are introduced in the benchmark setup where jobs are hit by shocks that strike

down productivity to zero once for all.
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5.1 ‘Spanish type’ versus ‘French type’ regulations

In Spain and Portugal, the red-tape destruction cost of temporary jobs before their expiration
date is the same as that of permanent jobs. Therefore, in the ‘Spanish type’ regulation, when
the productivity of a temporary job drops to zero, it is possible either to pay the layoff cost
F or to continue to pay the worker until the expiration date of the contract. In this situation,
it is shown in appendix H that the initial surplus of a temporary job with arrival shock A and

duration A can be written as

St()\’ ) _ { ?[Jl—e—(r+/\)A + max [Sp (A) ,O] e_(T-i-/\)A - U [1 o e_rA] _ ¢ ifA < A

r+A

~ 28
Sp(N) + ] (1 — e FVA) 4 em(mNAL — ¢ if A>A (28)

where A = —1 log (1 — —) and
1 — e(r+NA .
A= max(S,(A), 0] + NU = F)=—=——+U (e)‘A - 1)
is a term that does not depend on A. Equation (28) shows that the expression of the surplus
is identical to that obtained in the ‘French type’ regulation (defined by equation (2)) when the
length of temporary jobs is shorter than A because it is always preferable to pay the worker
until the expiration date of the contract in that case. When the contract length is longer than
A, it can become less expensive to pay the dismissal cost rather than waiting the expiration
date of the contract.
Let us now compute the optimal length of temporary jobs. When A > A,

9Si(\, )
oA

Let us remark that the expression of the surplus (28) implies that

= (r+ N)e UFNA IS (N +c— A].

S\, A) = S,(\) = e VA A — S (\) — (]

The two last equations imply that for all values of A > A, ast(,\ 2) < 0 when S;(\,A) > S (A,
i.e. the surplus of temporary jobs always decreases with A for values of \ for which temporary
jobs are preferred to permanent jobs, which is the only relevant situation for the analysis of the
optimal length of temporary jobs. This implies that the optimal value of A cannot be larger
than A.

So, let us turn to the only relevant case where A < A. The expression of the surplus is the

same as in the ‘French type’ regulation. Thus, the optimal length is equal to the minimum value
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of A and A()), defined by equation (4), which is the same as in the benchmark model, where
temporary jobs can be destroyed at their expiration date only. It appears that the inequality
A(N) < A is always satisfied.?? Therefore, the solution is A()) defined by equation (4).

As a consequence, the optimal length of temporary contracts is necessarily sufficiently short
to ensure that it is always preferable to keep workers until the expiration date of the contract
rather than paying the layoff costs. All in all, this result means that the possibility to destroy
temporary jobs at the same red-tape cost as permanent jobs yields the same outcome as the
situation where firms have to pay workers until the expiration date of the contract. Hence,
‘French type’ and ‘Spanish type’ regulations yield the same outcome. The reason is that the
optimal length of temporary contracts is short enough, provided that temporary contracts are
preferred to permanent contracts, to ensure that it is always preferable to pay workers until the

expiration date of the temporary contract rather than paying layoff costs.

5.2 The mandatory limit on the duration of temporary contracts

Let us now consider the case where the duration of temporary contracts is upward bounded by
the mandatory limit A. The duration of temporary contracts with shock arrival rate \ is equal

to

A*(X\) = min [A,A(N)]. (29)

Since A()), defined in equation (4), is decreasing, there exists a threshold value of the shock
arrival rate, denoted by A, such that the duration of temporary jobs is equal to the upper
bound A when the shock arrival rate is below . Figure 10 displays the values of the surplus of
temporary and permanent jobs in the case where temporary and permanent jobs are created,
and where the upper limit on the duration of temporary jobs is binding for some jobs.

First, it turns out that the mandatory limit on the duration of temporary jobs, denoted by
A, reduces the surplus of temporary jobs for which this constraint is binding, over the interval
[As, A], ie. Si(\, A) < S;()\). Therefore, the condition (6) of existence of creation of temporary

jobs is necessary, but not sufficient any more. To allow for the creation of temporary jobs, it

32Let us show that A(\) < A when S;(\) = S;(\,A(N)) > S,(\). Assume that A(\) > A provided that
S:(\) > S,(\). This implies that there exist values of A > A such that the value of the surplus with the
‘French type’ regulation, defined equation (2), is stricly larger than that defined by the second row of equation
(28), with the ‘Spanish type’ regulation. This is impossible because ‘French type’ regulation cannot yield higher
surplus than the ‘Spanish type’ regulation to the extent that the only difference between the two regulations is
that the ‘Spanish type’ gives the opportunity to terminate temporary jobs at lower cost.
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has to be assumed that A, the maximum duration of temporary jobs, is strictly larger than
A()). If this assumption were not satisfied, it would never be worth creating temporary jobs.
When conditions (6) and A();) < A are satisfied, temporary jobs are created over the non
empty interval [\, ] (see appendix I.1). Let us assume for now that these two conditions are
fulfilled.

When the shock arrival rate is smaller than A,, the surplus of temporary and permanent
jobs is positive. Like in the previous case, where there is no limit on the duration of temporary
jobs, there is a threshold value of the shock arrival rate below which it is preferable to create
permanent jobs (see appendix 1.2). Figure 10 summarizes the relation between the shock arrival
rate and the type of job creation when the mandatory limit on the duration of temporary
contract is binding for some jobs, i.e. when A, such that A(\) = A, is larger than the threshold

value )\, below which permanent jobs are created.??

A

. |
Temporary jobs transformed Temporary jobs not transformed No job
into permanent: jobs into permanent jobs

S:(A, A*(N)

Permanent jobs

Figure 10: The relation between the shock arrival rate and the type of job creation when there
is a mandatory limit on the duration of temporary contracts.

In partial equilibrium, drops in the mandatory maximal duration of temporary jobs do

not change the total number of entries into employment but increase the share of entries into

33In what follows, it is also assumed that 5\7 < Ap, but the relation between the arrival rate of shocks and the
type of job creation remains the same when A > A, (assuming that A < A;).
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permanent jobs because A; and A, do not change, but A, increases. The labor market equilibrium
in the presence of a mandatory limit on the duration of temporary contract can be computed as
in the case where there is no limit, except that A*(\) is substituted for A(\) and Sy(A, A*(X)) is
substituted for S;(A). Obviously, in labor market equilibrium, the mandatory maximal duration

of temporary jobs reduces expected profits and then decreases job creation.

5.3 Renewal of temporary contracts

Let us now assume that temporary contracts can be renewed. For the sake of simplicity, we
only allow for an unique renewal. Temporary contracts are now indexed by the subscripts 1 and
2. Let A; be the duration of the first temporary contract and A, the duration of the second
temporary contract. The surpluses S;, and Sy, of, respectively, starting and renewed temporary

jobs can be written as

Ay
Sy, (A Aq) = / (ye ™ —rU) e""dr + max [S,()), Si, (A, As) , 0] e rTVAL ¢ (30)
0

Ao
Sty (N, Ag) = / (ye ™" —rU) e""dr + max [S,()), 0] e~ rtNA2 _ (31)
0

Equation (31) is similar in all dimensions to (2). Likewise, the interpretation of (30) is almost
similar to that of the benchmark model except for the term max [S,()), Sy, (A, Az), 0] e FMAL
which accounts for the possibility to transform, renew or terminate a temporary job at the end
of the first contract, A;.

The model can easily be solved backward. Given the similarity between S;, and Sy, it turns
out that the optimal duration Ay(\) of the second temporary contract is similar to that of A(\)
in the benchmark case, and has the same comparative static properties.®*

Then, the optimal duration of the first temporary contract A; maximizes (30). The first

34Indeed we get the following first order condition (see appendix J):
ye ™ 2 —rU — (r+XNe 2max[S,(1),0] =0
The second order condition is always met, as in the benchmark case. This leads to:

1 rU+AF+(r+\)c .
Lp (PRI E A<,

1 (4) it >,

Az(A) = {

where the threshold A, such that S,(A,) = 0 is not altered by the possibility to renew temporary contracts.
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order condition is given by

ye A —p U — (r + A) e max [S,()), S, (A, Ag),0] = 0

Let Ay, and A, be respectively the threshold values above which the surplus of a temporary job

is negative and above which the surplus of a temporary job is greater than that of a permanent

job. The optimal duration A;()) can be written®

4

\

>

In

rUH+ANF+(r+N)e 1
%ln %H) if A <A,
(r+>\)[U(l—e—TA2)+c]+:[—J(r+/\)A2 [rU+>\F+(r+>\)C]) if A, <A<, (32)
32
e— (TN Ag (). —e A r+A)c
iln (y 24 ( +>\);J[§1 2)+(r+2) ) it A, <A< A,
iln(%) if)\Z)\tg

where the thresholds \;, and \;,, such that, respectively, S,(Xs,) = St, (As,) , and Sy, (A,) = 0,

are similar to Ay and \; obtained in the benchmark case, and share the same comparative static

properties.

A

Figure 11: The relation between the shock arrival rate and the type of job creation when
temporary contracts can be renewed.

35See appendix J for more details.
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IO

Figure 12: The relation between the shock arrival rate A and the optimal duration of temporary
jobs A(XA) when temporary contracts can be renewed.

At first sight, expression (32) may appear awkward compared to (4). It is however possible
to show (see appendix J.3 and J.4), that the top and bottom rows of A;(\) are in fact irrelevant:
it is better to offer permanent contracts for A < A, and temporary contracts are no longer
profitable above \;,. Indeed, as depicted in figure 11, we get that Sy, (\) > S;,(\) and that?®
Aty = Ay, = M and g, = A, = A;. This has three main consequences. First, the condition
for the existence of temporary jobs is almost the same as in the benchmark model.3” Second,
all starting temporary contracts are renewed in the absence of productivity shocks. Namely,
for A € [\, A, temporary jobs are renewed at the expiration of the first temporary contract
provided that productivity shocks did not occur, and may be converted into a permanent
contract at the end of the second contract, while for A € [\,, \;], temporary contracts end at
the expiration date of the second contract. Third, in partial equilibrium, the possibility to
renew temporary jobs does not affect the number or the share of temporary jobs in entries

into employment. Renewal only increases the total length of temporary contracts, from A(\)

36See appendix J.3 and J.4 for details.
3"More precisely, we should have F' > U as in the benchmark, and the analogue of condition (6), S, (\,) >
Sp(Ap) = 0 should be fulfilled.
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in the benchmark case to Aj(A\) + Ag(A) when renewal is permitted, and thus increases the
share of temporary contracts in the stock of employment. Notice that A;(A) < Aq(A) = A(N),
meaning that the possibility to renew temporary contracts leads firms to shorten the duration
of starting temporary jobs: when a temporary job is created, it is always preferable to do so
for a shorter duration, rather than increase the risk of maintaining a job unproductivly for a
longer duration, and then renew the contract at the date of termination A, if it has not been

hit by a shock.?® This is illustrated on figure 12.

6 Conclusion

By taking into account the fact that temporary contracts cannot be destroyed at zero cost
before their date of termination or that there are identical dismissal rules for temporary and
permanent contracts, we have been able to explain not only the choice between temporary
and permanent contracts but also the duration of temporary contracts in a search and match-
ing model of the labor market. This model reproduces some important stylized facts about
temporary jobs observed in Continental European countries. This framework shows that job
protection of permanent jobs has a negligeable impact on total employment but entails a strong
substitution of temporary jobs for permanent jobs which decreases total production. All in all,
this model is useful to explain and to understand the consequences of the huge creation of
temporary jobs observed in Continental European countries characterized by stringent job pro-

tection legislations.

38 Alternatively, this can be inferred from first order conditions on A; and Az, where Sy, (A) > Sy, (A\) implies
that the marginal cost of raising the duration of a temporary contract is larger for starting than for renewed
temporary jobs, leading to Aj(X\) < Az()). See appendix for more details.
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APPENDIX

A Termination of temporary contracts

This appendix describes the legal rules for the termination of temporary contracts for 7 OECD coun-
tries. Other rules concerning the condition of creation, the maximal duration and the renewal of tem-
porary jobs are described in detail in the ILO Employment protection legislation database - EPLex
39 and in the OECD indicator of job protection®’.

Belgium: In principle regular dismissals (as in the case of an open ended contract) are not possible
for temporary jobs. The contract has to expire. The party which breaks the contract before the date
of expiration without serious cause has to provide a severance payment whose amount is equal to the
minimum of the payment due until the date of expiration of the contract, and twice the payment due
during the advance notice if the contract had been permanent.

France: Regular dismissals (as in the case of an open ended contract) are not possible for tem-
porary jobs. The contract has to expire. Employers can only dismiss fixed-term workers if there is
a credible “valid reason” which makes the continuation of employment unacceptable, e.g. fraudulent
behavior of the employee. The employee can quit if he finds an open ended contract.

Germany: Regular dismissals (as in the case of an open ended contract) are not possible for
temporary jobs. The contract has to expire. Employers can only dismiss fixed-term workers if there is
a credible “valid reason” which makes the continuation of employment unacceptable, e.g. fraudulent
behavior of the employee.

Greece: Employers can only dismiss fixed-term workers if there is a credible “valid reason” which
makes the continuation of employment unacceptable, e.g. fraudulent behavior of the employee. If the
contract expires and the worker is still employed under the same conditions doing similar or the same
work then the worker is considered as being under an open ended contract with the corresponding
rules applying.

Italy: Regular dismissals (as in the case of an open ended contract) are not possible. The contract
has to expire. Employers can only dismiss fixed-term workers if there is a credible "valid reason" which
makes the continuation of employment unacceptable, e.g. fraudulent behavior of the employee. The
employee can quit if he finds an open ended contract.

Portugal: the rule for individual dismissal is the same for fixed-term and open-ended contracts.

398ee http://www.ilo.org/dyn/terminate/
10Gee www.oecd.org/employment /protection

39



Individual dismissals can be carried out solely for disciplinary reasons, which implies a fairly long
disciplinary process. Among OECD countries Portugal is the one with the most stringent legislation
for individual dismissals. So, in practice employers avoid this route, either waiting for the end of the
fixed term contract (typically a one year contract, renewable for up to three years) or paying the
corresponding severance pay (a minimum of three months); or, in the case of open-ended contracts
they negotiate a separation very often paying the ruled severance pay (one month for each year of
tenure).

Spain: If the employer wishes to terminate the contract in advance, he would follow exactly the
same procedures as a permanent contract and therefore would pay 20 days for an economic dismissal,
but workers can go to court and the employer would normally pay at least the penalty rate of 45 days.
So, usually, employers wait for expiration, unless the worker has committed a really serious offence

(fraud, etc.).

B Surplus of temporary jobs in the benchmark model

Temporary jobs can be in one of the following two states: (i) “productive” with productivity y > 0;
(ii) “unproductive” with zero productivity. All jobs start with productivity y. They are hit by shocks
which arrive at idiosyncratic Poisson rate A\. When there is a shock, productivity irreversibly goes to
zero and the job stays idle until the contract expires, whereupon the job is destroyed. Conversely, if
the productivity of the job remains constant throughout the duration of the contract, the job can be
converted into a permanent contract.

Let us denote by A the duration of the temporary contract, which is decided when the job starts.
Let us denote by 7 the spell of the job from its date of creation. Once the cost ¢ to sign the contract
has been paid, the present discounted value of the surplus of a temporary job with shock arrival rate
A, contract duration A, spell 7 and productivity = y,0, is denoted by Si(A\, A, z, 7). The Bellman

equations satisfy:
T’St()\, A) Y, T) =Y —- rU + A [St(A) A7 07 T) - St(>\7 Av Y, T)] + St(Au Aa Y, T) (B]')

rSi(\, A, 0,7) = —rU + Si(\, A, 0, 7) (B2)

where S;(\, A, z,7) = dS;(\, A, x,7) /0.
At the date of termination of the temporary contract, there are two possible outcomes. On one

hand, if the job has not been hit by a productivity shock, it can be converted into a permanent job.
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The formal condition reads, when 7 = A, as
St(A, Ay, A) = max [Sp (A) , 0] (B3)

where S), () denotes the value of a permanent job. On the other hand, if a shock occurred, the job is

destroyed as soon as the contract reaches its term. The formal condition reads, when 7 = A, as
Se(NA,0,A) = 0. (B4)

Let us find the solution to the system of equations (B1), (B2) with terminal conditions (B3), (B4).
A general solution to the first-order linear differential equation (B2) (with constant coefficient and

constant term) is given by:

Sy (M A,0,7) = AT + B (B5)

where A and B are constants to be determined. Differentiation with respect to 7 yields S't()\, A0,7) =
rAe’™. Plugging this expression together with (B5) into (B2), one gets: rAe’"™+rB = —rU +rAe’™ <
B = —U. Making use of the terminal condition S;(\, A,0,A) = 0, we get Ae™™ + B = Ae™ — U =0,
and it follows that: A = Ue™"2. Finally, using (B5) we get:

Se(\ A, 0,7) = — (1 - e*r(A*ﬂ) U (B6)

Let now rewrite (B1) as:

SiA Ay, ) = (r 4+ NSUA Ay, ) = (y = 1U) = ASi(A A,0,7)
which is a first-order linear differential equation (with constant coefficient and variable term) of the
form

SN Ay, ) = CSi(N\ Ay, 7) + D(1)

where C' = (r+ X\) and D = — (y — rU) — AS¢(\, A, 0,7). A general solution to this equation is given
by:

S\ Ay, T) = OO [stu,A,y,AH / e—c<<—A>D<<>d<]
A

= NE=A) g (N Ay, A) — / e”MNE=R) [(y — rU) + ASH(\, A, 0,¢)] d¢(BT)
A

-~

r

Using (B6), it is possible to rewrite I" as:

1 — e~ (r+A)(T—A) o
F=[y(r+A)U1< Y +U (1)

41




(r+A)(T—A)

Multiplying both sides of this expression by e , we get:

(A=) _

LerNT=8) — [y — (r + \)U] ( Y

) LU (e(r-i-)\)(T—A) _ eT(T—A))

Using this expression together with (B7) yields:
1— 6(7‘+>\)(7’—A)

St(A7Aay7T>:y T+)\

U [1 - e’“(T*m} 4 erNT=2) g (A ALy, A)

Finally, using the fact that S;(\, A,y, A) = max[S, (), 0], then setting 7 = 0 and rearranging, the
starting value of a temporary job writes as:
1— 6—(r+)\)A

St()‘uAuyao):y T'+>\

—U (1 —e ™) 4 max[S, (\),0] e "FVA (B8)

Dropping the last two arguments of Si(\, A,y,0) in order to alleviate the notations, we denote as
Si(A, A) = Si(N, A, y,0) — ¢, the starting value of the surplus of a job, including the cost of writing

contracts. This last expression is similar to equation (2) displayed in the main text.

C The properties of functions S,(\) and S;(\)

This section proves the properties of the surplus S,(\) and S¢(A) = maxa S¢(A, A) displayed on figure
4. We begin by analyzing the properties of S,()\), then we continue with the properties of S;(\) and

finally we study the intercept of these two functions.

o First,

y—rU — \F

is continuous, decreasing and S,(0) = £ — U — ¢ > 0, limy_, o Sp(A) = —c — F < 0.
e Second, let us show that S;(\) is continuous and decreasing with limy o S;(\) = 2 —=U —¢ > 0,
limy_,00 S¢(A) = —c. When X > A, we get, from equation (2):

e~ rFNAN [(r £ AN +1] — 1
(r+A)2 ’

Si(A) =y

which is negative because e™* < 1/(x 4+ 1) when = > 0. Equations (2) and (3) allow us to write
1 — e—(r+0AM)

T+ A

Si(A) =y -U [1 — e_TA(’\)} —c.
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From the definition of A()\) we know that limy_o A(X) = 0 and e ™) = rU/y, so that

1=e” VAN and limy oo 1 — e "2 = 0. Therefore, limy_o S¢(\) = —c. When

limy o0 o

A < Ap, we get, from equation (2):

e VAN [(r + AN +1] -1 e~ (rHNAR)

Si(A) =y CESE

AN, (A) — 5]

e~ (rFNAMN [(rE V) A(N)+1]-1
(r+X)2

negative. Moreover, S,(\) > 0 when A\ < ),, and S},(\) < 0. From the definition of the surplus

which is negative, since it has just been shown that the first term y is

we get

. T _Yy
}\%St()\)—/l\li%sp()\)—r U—c.

e Let us now look at the intercept of S¢(A) and Sp(\). From the definition of the surplus we get

. ! y . ’ y"‘rF_TU
R

which implies that

;12% Si(\) < }\ILHO S,(\) <= F < U.

Thus, in the neighborhood of A = 0, there exist values of A > 0 such that S,(X) > S¢(\) if and
only if F < U. Let us assume for now that this condition is satisfied. Therefore, S,(\) and S;(\)
have at least one intercept for positive values of S¢(\) if Sp(A,) = 0 < Si(),). Using equations

(2) and (3), we can write

(C10)

(FHNAQR) ] erAK)
T+ A T

Si(A) = max [S,(A), 0] — ¢+ U (&A(A) 1-e -
This equation implies that S;(\p) > 0 (where )\, is defined by S,(\,) = 0) is equivalent to
condition (6). This condition ensures the existence of creation of temporary jobs. If it is satisfied,
there exists at least a threshold value of A, denoted by A, such that S,(A) > Sp(A) if A < As.
Moreover, when condition (6) is satisfied, there exists a threshold value A\; > A, such that
Si(A) < 0if A > A\ because S;()) is decreasing and is strictly negative, equal to —c¢, when A

goes to infinite.
D Surplus of temporary jobs in the model with produc-
tivity shocks

Let us denote by S¢(A, A, y, 7) the value at date 7 of temporary jobs with shock arrival rate A, duration
A and productivity y. When there is a shock, there is a draw from the constant distribution H of
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productivities. S¢(A, A, y, ) satisfies the Bellman equation
rSiN Ay, 7) =y —1U + A [/ Si(\, 6, x,7)dH (z) — St (N Ay, 7) | + Si(A, ALy, 7) (D11)
with Si(\, A, y,7) = dSi(\, A, y,7)/07. At date 7 = A :
Si(\ Ay, A) = max [S, (y,A) , 0] (D12)

We proceed in two steps. Let us (i) determine [ S¢(X, A, y, 7)dH (y), and then (ii) solve for S;S¢(\, A, y, )
in (D11).

D.1 Part (i)
Integrating (D11) over productivity, we get
r [ S A AR E) = [ o= r0)di) + [ S8 AR E) (D13)

This equation takes the form #(7) = raz(r) + b with b = — [ (y — rU)dH(y), and with terminal

= ra(
condition z(A) = [max [Sy (z,\),0]dH (z). Its general solution is :

o(r) = A" + B

with
5= [w-rw)am)
and
A= (/ max [Sp (A, y), 0] dH (y) — % / (y—rU) dH(y)> e A
Thus

1— e—r(A—‘r)

r

/St(A,A,y,T)dH(y) = ( )/(y—TU) dH(y)+6_'”(A_T)/maX [Sp (A, ), 0] dH (y)

D.2 Part (ii)
Equation (D11):

SiNAy, ) = (r+ NS (N Ay, 1) — (y—rU) — A/St()\, Az, 7)dH (x)
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is a first order linear differential equation with constant coefficient C' = (r + A) and variable term,

D(r)=—(y—rU) = X[ S\, A, z,7)dH (). Its general solution is:

SN Ay, ) = CTR) [st(A,A,y,TH /

e CED () dc}
A

— rtA(-4) St()\,A,y,T)+/ 6—(T+A)(C—A)D(<)d<
A

~~

r
The term I' can be rewritten:

1— e*(’f'Jr)\)(T*A) A 1— e*(T'Jr)\)(T*A) 1— e,)\(T,A)
r—— ) =2 [ (w— -
( e K R R / (@=r0)a (@) | N

- / max [S, (,\), 0] dH (z) (1 _ e,A(T,A)>
Thus :
S\ Ay, 1) = eTHNE=A) |:St()\,A,y7 A)JF/AT e~ +NE=8) () dC}
— e(r_'_/\)(T_A)St()\,A,y,A)

_ (y _ T‘U) e(’l"‘i’/\)(T*A) (

1 — ¢~ (rtA)(T=4)
r+ A

(r+ ) a A

r

_ o—(r+X)(7=A4) _ o= A(T=4)
_)\6(7'+)\)(TA)/(:1; —T'U) dH(a}) (1 e 1—e¢€ )

—ert(T=4) /max [Sp (z,A),0]dH (x) (1 - e_A(T_A))

Since S¢(A, A, y, A) =max [S, (A, z),0], we get
1— 67(T+)\)A
r+ A

A 67(74+>‘)A —1 e*(T'+)\)A _ efrA
_r/(x—rU)dH(a:)< e ;

Si(A A, y,0) = (y—rU) ( ) +e "% max [S, (y, ), 0]

_/maX 1Sy (@.0) 0] dH (@) (98 — =r8)

Rearranging a little bit, and taking account of the fact that jobs always start at y, yields:

— e~ (rHNA _ e TAY L p(e—(rNA _ A
Si(AA) = g (170_’_)\> + /de(y) (A(l )—;(7“(-1- N )>

+e (Mt NA pax [Sp (Yus A),0] + e "8 (1 - e*)‘A) /max [Sp (y, M), 0] dH (y)

-U (1 - e_TA) —c
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which is formally equivalent to the expression given equation (10).

E Optimal duration of temporary jobs in the model with
productivity shocks

The optimal duration of temporary jobs maximizes the surplus of starting temporary jobs. We first
consider temporary jobs which are not transformed into permanent jobs because the shock arrival
rate is above the threshold value A,. Then, the case of temporary jobs that can be transformed into

permanent jobs is studied in a second step.

E.l1 Casel: A > ),

If A > Ap, the surplus of a temporary job with shock arrival rate A and duration A is

A Yu
Si(\A) = / (e_ATyu + (1 - e_’\T> / ydH (y) — 7‘U> e "dr —c¢
0

—0o0

The first order condition, 0S:(\, A)/OA = 0, can be written as
Yu
e My, + <1 — e*)‘A) / ydH(y) —rU = 0.
The second order condition:
Yu
)\e_AA/ (yu —y)dH(y) <0

is always satisfied. Then, the optimal duration is

" — Yu dH
AW = tmY f_yooy (y)7
A rU — f—io ydH (y)

which corresponds to the expression given by equation (11).

E.2 Case 2. A< ),

When A < A, the surplus of a permanent job with shock arrival rate A and duration A is

A Yu
SMA) = / <e"\7yu + (1 — e—AT) / ydH (y) — TU) e "Tdr +
0 —o0
Yu
e~ HNAG (4 A + (1 - e*m> e A Sp(y, \)dH (y) —c.

()

where T'(\) is defined by equation (9).
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The first order condition, 9S¢(A, A)/OA = 0, can be written as

Yu Yu
e*/\Ayu + (1 — e*’\A> / ydH(y) —rU — 7’/ Sp(y, A\)dH (y)
—o0 T(X)

+(r+)\)e_’\A< (Yu, A / Sp(y, \)dH (y ))

The second order condition:

_)\e—)\A

—0o0

/yu (Yu —y)dH(y) — (r + A) <5p(yu, A) — ) Sp(Ys /\)dH(y)>] <0

T(\)
is always satisfied. Thus, the optimal duration is

| yu—fy" de()—( + ) [ (s A fy“ N dH(y)]

jyma* ydH (y) +r y&) Y, \) dH()

which corresponds to the expression given equation (11).

F The properties of functions S,(y,, ) and S;(\) in the
model with productivity shocks

F.1 Properties of S,(y,, \)

The surplus of a permanent job with shock arrival rate A

Yy — U — \F A Yu x— R(N)
) = LT AT dH
Sp (Yus M) T+ A SRy ROy T A (z)

From this expression, it is straightforward to prove, assuming that y,, —rU > rF, that S, is continuous
in A and decreases from

. Yu
lim S, (Y, \) = 2% — U —
S (2 = 72— U =

to

1 W) = —F —
)\—1>I-|I—10<>S (y ) ¢

F.2 Properties of S;()\)

The surplus of a temporary job with shock arrival rate A and optimal duration A(\) = maxa S¢(A, A)

is, using equation (10)

Si(\) = /O Y <e)‘7yu +(1-e) / " ydH(y) — rU) eTTdr + (F14)

—00

Yu
e~ rHNAN max [Sp(yu, A), 0] + (1 - e_’\A(A)) e_rA(’\)/ max [Sp(y, A), 0] dH (y) —
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From this expression, it is easily checked that Sy(\) is continuous and decreasing from )1\111%5}()\) =

du U —cto lim Si(N) = —c.
A——+oo

It turns out that )\Er}_loost()\) = —c because equation (11) implies that /\E{Is-loo A(N) = 0 and
max [Sp(yu, A), 0] = 0 when A — +o0.

Moreover, /l\ii%St(/\) = % — U — ¢ because equation (11), which implies /l\ii%A()\) = 400, yields,
using expression (F14)

. yu
limS;(\) =Z= - U —c.
)\1—>0 :() T ¢

F.3 Intercept of S; and S, in the model with productivity shocks:

Using the expression of Si(\), keeping in mind that )l\in%A()\) = 400, the result is that the slope of
this surplus in the neighborhood of A = 0 writes:

—yu + [V ydH (y)
li ! = % F1
lim 7)) 3 (F15)

Similarly, using the expression of S, (yu, A), keeping in mind that )l\iH[lJ R(X) = rU — rF, the result

i — — qﬂy — [ ( )} ( )
. Yu — T U ; 1;] Y ( ! dH Y
)1\1111 SPI (yu, )\) = — (2 ) + ( ) 2

. (F16)

Using (F15) and (F16) we get :
r(U-F)
lim ) (4, ) > limS{(3) / ly— (U — F)|dH(y) < 0,

which holds if and only if U > F.

Since lim S;(A) = lm S, (yu, \), the fact that lim S (., A) > lim Si()) if and only if U > F
implies that there exists a value of A > 0 such that Sp(yy, A) > S¢(A) in the neighborhood of A = 0,
if and only if U > F. Let us assume that this is the case. Then S, and S; have at least one positive
intercept for positive values of S¢(A) if Sp(yu, A\p) = 0 < S¢(Ap). This yields a condition similar to (6)

in the benchmark. We checked that this intercept is unique in the calibration exercises.

G Labor market equilibrium

G.1 Equilibrium with permanent jobs only

The free entry condition and the condition that defines the threshold value of shock arrival rates above

which no jobs are created are respectively:

_ a0a-p
- T+ q(0) . Sp(Yus A)AG(A) (G17)

Sp(Yu, \p) = 0. (G18)
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with
Yu

(r+XN)Sp(yu, A) = yu—rU—l—)\[ max[S.(z, A),0/dH (y)| — rc

—0o0

L B0+ a®)]
(1-F)C0,)

so that the threshold value of shock arrival rates A\, above which no jobs are created Sy(yy,Ap) = 0,

rU

can be restated as A, = Ap(6).Then, the free entry condition, which defines the equilibrium value of

0, can be written as follows

_ g -p [M® _
ro) =r- 10020 | Syl NG =0 (G19)
Differentiating (G19) with respect to 6 yields
R 4 ()L e g0)(1—p) [P ds,
(o) = (1 ﬁnr+qwﬂ%ﬂmnf%@mxm000+ T+qw)!ﬁmn 4G ()

where % = STS{} d(’i”eU < 0, so that I"(¢) < 0. This implies that (G19) defines a unique value of ¢

provided that the conditions of existence of 6 are satisfied.

G.2 Equilibrium with permanent and temporary jobs

The free entry condition and the condition that defines the threshold value of shock arrival rates above

which no jobs are created are respectively:

q(e)(l - 6) As At
Tr+q0) [ . Sp(yus A)AG(A) + St()\)dG()\)} (G20)

S(Ae) = 0. (G21)

min As

Let us note that, as previously in the regime without temporary jobs, we can write Ay = A\s(0), \p =

Ap(8), Ae = A\i(0), so that the free entry condition can be written

- As(6) A (0) Ae(6)
:WU Sp(Yu, A)AG(A) + / Sy (AN)AG(N) + / St()\)dG(A)] (G22)

min )\5(9) )\p(e)
Again, the free entry condition, which defines the equilibrium value of 8, can be written as
q(0)(1 — B) As(6) Ap(0) At (0)
ro)=r—- ———-~—= / Sp(Yu, N)AG(N) —|—/ St (M)AG(N) + / S¢(AN)dAG(N) | =0
T+ 4(0) | Samm s(0) Ap(0)

Differentiating I' with respect to 6, and keeping in mind that Sp(yu, As(f)) = Si(As(f)) and that
St()\t(ﬁ)) = 0, yields

e = (1-p-—20r [ /A‘*(e)sp(yu,x)da(xw /At(e)St()\)dG()\)
A

[T + q(e)]2 min 5(9)

q(0)(1 - B) /W) ds, /M‘” ds;
N A 2PAG(N) + LG (A
r+q0) i, do ) Aso) dO W
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where % = gfﬁ dgg < 0 and %—% = gfﬁ dgg < 0, so that IV(#) < 0. Again, the unicity of the

equilibrium value of 6 follows.

H ‘Spanish type’ versus ‘French type’ regulations

In ‘Spanish type’ regulation, the red-tape destruction cost of temporary jobs before their expiration
date is the same as that of permanent jobs. Therefore, when the productivity of a temporary job
drops to zero, it is possible either to pay the layoff cost F' or to continue to pay the worker until the
expiration date of the contract. In this situation, using the same notations and method as in appendix

B, the law of motion of the surplus of temporary jobs can be written
(r+A)Si(A\ Ay, 7) =y — rU 4+ Amax [Si(\, A, 0,7), —F] + S¢(A\, A, y, 7) (H23)

rSi(\, A, 0,7) = —rU + Si(\, A, 0, 7) (H24)

where S;(\, A, z,7) = dS;(\, A, x,7)/O7.
At the date of termination of the temporary contract, there are two possible outcomes: i) if the
job has not been hit by a productivity shock, it can be converted into a permanent job. The formal

condition reads, when 7 = A, as
St(A Ay, A) = max [S), (A), 0] (H25)

where S}, (A) denotes the value of a permanent job. ii) If a shock occurred, the job is destroyed. The

formal condition reads, when 7 = A, as
Se(N, A,0,A) = 0. (H26)

Let us find the solution to the system of equations (H23), (H24) with terminal conditions (H25),
(H26). A general solution to the first-order linear differential equation (H24) is given by:

St(A, A, 0,7) = Ae’" + B (H27)

where A and B are constants to be determined. Differentiation with respect to 7 yields St()\, A,0,7) =
rAe’™. Plugging this expression together with (H27) into (H24), one gets: B = —U. Making use of
the terminal condition Sy(\, A,0,A) = 0, it follows that A = Ue™"?. Finally, using (H27) we get:

Sy A A,0,7) = — (1 - e—T(A—ﬂ) U (H28)
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Let now rewrite (H23) as:

St<)‘7 A) Y, T) = (T + A)St()‘a Aa Y, T) - (y - TU) — Amax [St(Av Av 07 T)? 7F]
A general solution to this equation is given by:

S\ ALy, 7) = VTR G (N Ay, A) — / e~ rHNEA) [(y — rU) 4+ Amax [S; (N, A, 0, 7), —F]] d¢
A

r

Using (H28), it is possible to rewrite I' as:
I'= / e~ (rHA(C=4) [(y —rU) — Amax {(1 - e_T(A_<)> U, FH d¢
A

Let us define 7 > 0 such that Si(\, A,0,7) = —F, we get:

B!

1—e”@ﬂ?_<¢T_A+1m<1—F>
r U

d

Remarking that:

-F ifr <7

max [S¢(\, A, 0,7), —F] = { —(1—e™@NU ifr>7

I" can be written as:

_ = (r+N)(r=4) _ = (r+N)(FT-4) _ = AT-4) —(r+N)(T-A) _ —(r+N)(7—A)
D= (y—rU 1—e¢ 7 1—e 71 e 7)\Fe e
T+ A T+ A A T+ A
Thus
(r+XN)(t—A) _
SU0 A g 7) = eI a5, 0, 0] — (y — 1) S
r
r+A)(T—A —(r+N)(7T—71 —ANT—-A —(r+N)(F—71
AT e(r+A)( ) — e (r+A)( )_e(’!‘-i-)\)(T—A)l_e ( ) +)\F6(+)( ) —1
r+ A A r+ A
Evaluated in 7 =0 :
1 — e—(r+MA 1 — e~ (rtN(A-4)
_ - —(r+M)A
St(A ALy, 0) Yy Y + max[Sp(A),0]e AF Y
r+A)A _ —(r+A)A
o DAY ena _ —rena [1- ] - Sl Vs
r+ A r+A

with A = —% log (1 — g) . This equation defines the value of the surplus when A > A, which corre-
sponds to the expression of the second row of the right hand side of equation (28), where we denote
as S¢(A, A) = Si(N, A, y,0) — c. The first row of the right hand side of equation (28) defines the value

of the surplus when A < A, which is taken from equation (2).
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I Mandatory limit

I.1 The threshold value )\; when there is a mandatory limit on the
duration of temporary jobs

Let us define the conditions under which temporary jobs can be created when there is a mandatory
limit on the duration of temporary jobs. Temporary jobs can be created if

Si(A) >0 when A > \
Si(A,A) >0 when A < A

where ) satisfies A(X) = A. It has been shown in appendix C that there exists a threshold value of A,
denoted by A, such that S;(\;) = 0, above which no jobs are created.

We know that Sp(\,A) < Si(A\), and that X is defined by A(X\) = A, which is equivalent to
Si(\, A) = Si(N). Thus, if A < A()\;), which is equivalent to A > );, no temporary job can be created.
Then, let us henceforth assume that A < \;. Since S;(\) and S;(\, A) are decreasing with respect to
A, and S;(A) = Sy()\, A), it is worth creating temporary jobs A < )\; (see figure 10).

1.2 The threshold value \; when there is a mandatory limit on the
duration of temporary jobs

There exist values of A such that S(\, A) > S,(\) if A is sufficiently close to A, when condition (6) is
fulfilled, as depicted in figure 10. From equations (1) and (2), S¢(A, A) — Sp(A\) can be written as

S A) = 8,00 = <rU +AF + (r+ A)C) (1 B e—(r+>\)A> U(1—e ) e

T+ A

Which implies that limy g [S;(\, A) — S,(N)] = —ce ™. Therefore, there exists at least a threshold

value of the shock arrival rate, denoted by Ag, which statisfies
St (s, A) = Sp(As),

such that permanent jobs are created if the shock arrival rate is below As.

J Renewal

Notice first that the expression of S, the surplus of a temporary job, is not altered by the possibility

to renew temporary contracts. Hence, the threshold \,, such that S,(\,) = %

—c=0is the
same as in the benchmark case.
The model can then be solved as follows: we first consider renewed temporary contracts and then

starting temporary contracts. Third, we show that the equality between the thresholds for the two
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types of temporary contracts, A;; and M¢,, is between Ag, and \g,. Fourth, we derive the condition for
the existence of both types of contracts. Finally, we conclude by comparing surpluses Sy, and S, and

durations Aj(A) and Agz(N).

J.1 Renewed temporary contract

From (31), the surplus of a renewed temporary contract writes:
Az
Sty (A, Ag) = / (ye_AT - T‘U) e "Tdr + max [Sp(A), 0] e (rtNAz _ ¢
0
The optimal duration of a renewed temporary contract, Ag, then maximizes S,. The FOC writes:
ye M2 —rlU — (r+ \) e M2 max [S,(1),0] = 0 (J29)

while the SOC is always met, as in the benchmark case. Therefore, the optimal duration of the

contract is:
A %m(%) i A< A,
2 pr—
+In () if A >\,

_ y—rU—rc
where A\p = “———

, as in the benchmark case. Hence, the surplus S, decomposes as:

S () = DAZ()‘) (ye_)‘T — TU) e "Tdr + e_(T+)‘)A2(>‘)Sp()\) —c A<,
2 fOAz(A) (ye‘” — TU) e "dr —¢ itA> N,

This expression is similar to that of S¢ (A) in the benchmark, and Sy, (A) admits the same properties
as S¢ (A). Therefore, the thresholds Ay, and A, such that S,(As,) = St (Asy) and Sg, (Ay,) = 0
have expressions similar to A; and \; in the benchmark case, and have identical comparative static

properties.

J.2 Initial temporary contract

From (30), we have
Ay
S, (A, Ar) = / (ye_M - rU) e~"7dr 4 max [Sp(A), Si, (N, Ag),0] e~ FHNAT _¢
0

The optimal duration A; maximizes the surplus of the first temporary contract. The first order

condition writes:

ye M1 —rU — (r + \) e max [S,(N), St, (A, Ag),0] = 0 (J30)
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while the second order condition is always fulfilled. This leads to:

( 1y ( rU+>\I;[+](T+)\)C) if A < A,
—(r+X Az e~ AT —rU)e TTdr+e (TtNA28 (N\)—c
%ln (ZJ ( )[fo (y )TU p(A) ]) if ASQ <A< /\p
Ar(A) =
—(r+A Az e A —rU)e "Tdr—c
;m(“ i) ]> i, < A< A
\ +In () if A > A,

Notice that Aj(A\) = Ag(A) for A < Ag, and for A > A,. Hence, A;(\) continuously decreases
from ;in%Al()\) = /l\iIf%Az()\) = 400 to )\lim Ar(N) = /\lim As(X\) = 0. Hence, it follows that S, is
continuously decreasing from )l\in})Stl()\) =4 -U-c>0to Alim Sty (A) = —c.

J.3 Equality of )\, and A,

By definition Sp(As,) = St (As;) and Sp(As,) = St, (As,) which translates into:

5o, () = /Al()\sl)



J.4 Equality of )\, and )\,

Notice that as A;, > A, and Ay, > Ap,we have Aj(A) = $1n (5%) = Az()) and

Al(/\t )
Sty (M) = / ' (ye_)‘T — rU) e "dr + max [Sy, (A,), 0] e~ HNAL() _
0

while Asrey)
Sty (Aiy) = /0 <ye_>‘7 — ’I“U) e"dr —c=0

Then, two cases must be considered : (i) if Ay, > Ay, or equivalently, S, (Ay;) =0 > St, (As; ), then

0= /OAl()\“) (yef)\T _ rU) e "Tdr —c¢ > /OAZ()\H) (ye*)‘T - rU) e "dr —c¢

hence, Stl (Atl) = St2 (Atl) =0 and )‘tl = >\t2-
(ii) If Ay, < Ay, or equivalently, Sy, (A;) =0 < S, (A,) ,then

Aa(Aty)

A1(>\t )
0= / ' (ye_m — TU) e "dr —c+ ef(rJ”\)Al()‘tl)StQ (M) < / (ye_m — rU) e "dr —c
0 0

As Aj (At;) = Aa(Nt,), this is possible if and only if Si, (At,) = St, (A, ) -Hence, Ay, = A,

J.5 Comparison of 5, and 5,

Let us now study the intercept of Sy, and S, : the logic of the proof is the same as in the benchmark

case. Sy is decreasing from limy_ Sy, (A) = £ — U — ¢ to limy_,o St (A) = —c while S}, is decreasing

from limy_,g Sp(A) = limy_g St, (A) to limy—oo Sp(A) = —c — F.
From the definition of the two surpluses, we have: limy o S;, (\) = - while limy .o S,(\)

—W#.Thus in the neighborhood of A = 0 there exist values of A > 0 such that S,(A) > S¢(\) if

and only if F' < U. Let us assume that this is the case. Then, S, and S; have at least one positive
intercept for positive values of Sy(A) if Sp(Ap) = 0 < Sy, (Ap). This yields a condition similar to (6) in
the benchmark.

J.6 Comparison of S;, and S,

First, notice that max [Sp(\), St, (A, A2),0] > max [S,(A), 0] implying A;(A) < Ag(A) from the first
order conditions (J30) and (J29).
Second, using the FOC (J30), and substituting in Sy, ,the surplus of a starting temporary contract
writes :
Y= U+ M1 = e10))

Su(V) = r+ A — ¢
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Similarly, using the FOC (J29), and substituting, we get :

Cy=U(r+ A1 - e_TAQ(A)))

5i2(V) T+ A

—C

From these two expressions, it is straightforward to establish that Aj(A) < Ay(A) implies Sy, (A) >
Si,(A) for all A > 0. In particular, for A < A; and for A > X, we have Aj(A) = Aa(A), so that
Sty (A) = St,(N). This leads to the figures in the text.
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