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1 Introduction

Labor-market duality, defined as a coexistence of permanent, open-ended jobs with strict firing
restrictions and temporary, fixed-term jobs with a large incidence in worker flows, is a prominent
feature of Continental European economies.! Labor-market reforms of employment protection
legislation have been high on the political agenda of European countries in the past decades,
fueling a continued interest of academics. A critical question is to understand the trade-offs
underlying the sorting of firms and workers into permanent and temporary contracts and the
economic mechanisms leading to the coexistence of the two types of jobs. This question is
key for evaluating the substitutability between these jobs and, in turn, for studying the large
variations in the employment share of temporary jobs across countries and over time.

Yet, the answer to this question is not fully understood. The macroeconomic literature on
dual labor markets has built on the search-and-matching model of Mortensen and Pissarides
(1994) (the MP model). A common approach to introducing a distinction between permanent
and temporary jobs in this framework is to assume contracts with different firing costs that
capture regulatory constraints on layoffs. However, in the standard framework with risk
neutrality and no contractual friction, firing costs incur efficiency losses for agents starting
an employment relationship, and workers and firms always jointly prefer to sign a temporary
contract rather than a permanent one. Hence, this framework has no rationale for the coexistence
of permanent and temporary jobs unless one imposes ad hoc restrictions on structural (policy-
invariant) parameters or the agents’ contract space. Such an approach has been largely dominant
in the macroeconomic literature on dual labor markets.

This paper’s contribution is to study a search-and-matching model of a dual labor market
with risk aversion and long-term employment contracts. In this framework, risk-averse workers
and risk-neutral employers agree on contracts subject to limited commitment (Thomas and
Worrall (1988), Thomas and Worrall (2007)) and featuring endogenous separations (Spear and
Wang (2005), Wang (2011)). The contract terms include a choice between a permanent and a
temporary contract, defined as contract types with different firing costs. Employers want to
promise wage and employment stability in exchange for a lower wage, but their commitment
ability is limited. In this context, firing costs serve as a commitment device allowing for the
provision of additional insurance, as shown by Karabay and McLaren (2011). However, this

additional insurance comes with lower expected revenues due to labor retention and costly

'In France and Spain, two countries widely considered as epitomes of labor-market duality in Europe, tem-
porary contracts account for the vast majority of employment inflows (Cahuc, Charlot, and Malherbet (2016))
and for a significant share of unemployment cyclical fluctuations (Silva and Vazquez-Grenno (2013), Hairault,
Le Barbanchon, and Sopraseuth (2015)). In the European Union, the prevalence of temporary employment has
dramatically increased among the youths over the long run, representing as much as half of the total employment
of individuals aged 15-24 in the late 2010s (versus 24% in 1985, OECD (2023)).



separations. When choosing between offering a permanent or a temporary contract, the employer
trades off the gains from commitment versus flexibility.

The contracting problem is embedded into a frictional labor market with free entry of vacan-
cies, bargaining over contracts, and heterogeneous match quality. In a steady-state equilibrium,
permanent and temporary jobs potentially coexist as a result of optimal contracting combined
with heterogeneity in match quality. The insurance considerations dominate over the need for
flexibility as the match quality is high: a permanent contract is optimal for high-productivity
matches, whereas a temporary contract is optimal elsewhere. It follows that with a sufficiently
dispersed match-quality distribution, employment inflows are divided between permanent
and temporary jobs, and so are the equilibrium employment stocks—even in the absence of
regulation on temporary contracts. The combination of limited commitment and endogenous
separations that characterize the contractual environment yields this result. Under full com-
mitment, there are no efficiency gains associated with firing costs, and all contracts should
be temporary. However, the limited-commitment assumption cannot explain labor-market
duality alone. Without endogenous separations, i.e., contracts with incentive-compatibility
constraints that can be satisfied in any history of shocks as in the standard model of Thomas and
Worrall (1988), firing costs are a “pure” commitment device coming with no efficiency losses:
all contracts should be permanent.

A quantitative evaluation of the model examines its implications for the effect of employment
protection legislation—firing costs and the regulation of temporary contracts—on steady-state
aggregate labor-market outcomes. The model is calibrated to the U.S. labor market, taken as a
benchmark laissez-faire economy. Plausible and parsimonious variations in the institutional
environment of the model can replicate the employment share of temporary jobs in France
and account for most of the difference in this employment share between France and Spain.
The model generates plausible (untargeted) equilibrium flows, validating the main mechanism.
Temporary contracts account for the substantial majority of employment inflows and outflows,
as seen in the two latter countries (Cahuc et al. (2016)).

The model implies that temporary contracts crowd out permanent jobs without employ-
ment gains, in line with the most recent empirical evidence (Garcia-Pérez, Marinescu, and
Vall Castello (2019), Daruich, Di Addario, and Saggio (2023), and Cahuc, Carry, Malherbet, and
Martins (2022)). I propose a decomposition of comparative statics quantifying job creation and
job substitution effects (of permanent jobs) associated with temporary contracts. Promoting
these contracts induces large substitution flows and mild job creation effects. The decomposition
also shows that temporary jobs imply substantial reallocation of labor and composition changes
resulting in higher employment outflows. The net result is an decrease in the prevalence of
permanent employment but no decline in unemployment, consistent with European trends of

past decades.



Literature. This work is primarily related to the literature examining the combined effect of
temporary contracts and firing costs in labor markets with search frictions. The MP model—
the dominant framework for analyzing dual labor markets—has no intrinsic rationale for
employment protection.” As such, a common approach in this literature has been to impose
exogenous restrictions on the agents’ choice set, which is sensible for questions related to
the spread of temporary jobs in Europe (e.g., Cahuc and Postel-Vinay (2002), Blanchard and
Landier (2002), Bentolila, Cahuc, Dolado, and Le Barbanchon (2012), Faccini (2014)). However,
by construction, this approach leaves open the questions related to the substitutability of
permanent and temporary contracts or the sorting into the two types of jobs.

This limitation has motivated models with equilibrium mechanisms leading to the co-
existence of permanent and temporary jobs. Some papers assume exogenous differences in
structural parameters across contract types (e.g., Alonso-Borrego, Fernandez-Villaverde, and
Galdén-Sanchez (2005) and Caggese and Cufiat (2008)).°> In addition, Berton and Garibaldi
(2012) build a framework with segmented search between submarkets for permanent and
temporary jobs and constant wages a la Hall (2005). In this setting, (risk-neutral) workers value
a stable, permanent contract more than a temporary one since wages are constant.* On the other
hand, employers make more profits with a temporary job. An indifference vacancy-posting
condition implies positive job creation in both submarkets: employers trade off higher profits
of an (occupied) temporary position with the higher job-filling rate of a (vacant) permanent
position.

Moreover, Cahuc, Charlot, and Malherbet (2016) introduce a model with heterogeneity in
the exogenous duration of production opportunities across jobs. Both the contract type and the
duration of temporary contracts are choice variables. Importantly, Cahuc et al. (2016) assume
that temporary contracts cannot be destroyed before the agreed term, reflecting legislation in
several European countries, where temporary contracts have penalties for premature termina-
tion.” Then, when choosing the contract type, the agents trade off the firing costs of permanent

contracts and the costs from inefficient retention of a match in a temporary contract.®

2Since the agents bargain over the total surplus of matches, both the employer and the worker are worse off
upon hiring in the presence of non-transferable firing costs. Firing costs induce anticipations of future separation
costs passing through profits and wages. Moreover, as Lazear (1990) shows, severance payments are neutral when

agents are risk-neutral and wages are flexible.
31n addition to these, Cao, Shao, and Silos (2011) and Franceschin (2020) propose models with on-the-job

search and non-contractible search intensity. Permanent workers exert relatively low search effort in equilibrium,

implying endogenous sorting between the two types of jobs.
4Berton and Garibaldi (2012) assume that permanent contracts cannot be endogenously terminated. An

employer must wait for an exogenous separation before terminating an unproductive match, and the wage must

remain constant.
>Cahuc et al. (2016) implicitly assume that temporary contracts have infinite premature termination costs.
61t follows that in the presence of small transaction costs, permanent contracts are optimal in matches with a

stable enough productivity level (and temporary contracts are optimal otherwise). In the absence of transaction
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The main innovation of the present paper to the literature on dual labor markets is the
introduction of risk aversion and history-contingent employment contracts. In Berton and
Garibaldi (2012), wage rigidity is the key assumption leading to the coexistence of heterogeneous
contracts. In Cahuc et al. (2016), it is the assumption that temporary contracts are subject to
high enough premature termination penalties. It is clear that these assumptions are relevant in
regard to existing legislation. Yet, the current literature still lacks explanations of labor-market
duality that encompass a variety of institutional settings. The main objective of my paper
is to fill this gap. I consider contracts with a large action space, which allows for assuming
flexible wages and for considering a parsimonious, generic approach to modeling the policy
environment.

The idea that a full understanding of the effect of employment protection in a search-and-
matching model requires a departure from linear utility goes back to Pissarides (2001). The
literature has been mostly interested in the implications of market incompleteness for the effect
of severance payments (Alvarez and Veracierto (2001), Fella and Tyson (2013), Cozzi and Fella
(2016), Lalé (2019), Dolado, Lalé, and Siassi (2021)). The main similarity of my paper with
this literature is the introduction of market incompleteness in the MP framework. Nonetheless,
none of these papers examines the coexistence of permanent and temporary contracts, nor
provides rationales for the presence of non-transferable firing costs, an important component
of employment protection legislation (and a potential source of efficiency gains in the present
framework).

In addition, I borrow the idea from Karabay and McLaren (2011) of firing costs as a commit-
ment device. Similar to the latter, I consider a labor market with search frictions and limited
commitment. However, Karabay and McLaren (2011) assume an exogenous population of
firms, no heterogeneity, full bargaining power to the employer, and do not distinguish between
permanent and temporary contracts. I build a model of a dual labor market with free entry
of firms, heterogeneity in match quality, and positive bargaining power for workers and firms.
Also, I consider contracts with history-contingent plans for separation as in Spear and Wang
(2005) and Wang (2011), showing that this is the combined effect of limited commitment and
endogenous separations that is key to the trade off between different contract types. Moreover, I
propose a novel quantitative analysis of a labor market with limited commitment and firing
costs studying cross-country outcomes and the effect of employment protection reforms. This
framework is used to quantify the general equilibrium welfare effects of firing costs, whereas
the results in Karabay and McLaren (2011) are of analytical nature.

Lastly, this paper is related to the literature studying dynamic employment contracts under
limited commitment (e.g., Thomas and Worrall (1988), Thomas and Worrall (2007), Rudanko

costs, it would be optimal, at the time of hiring, to agree on a sequence of arbitrarily short temporary contracts
until a negative productivity shock occurs, thereby avoiding the need for a permanent contract.



(2009)) and dynamic contracts with endogenous employment separations (e.g., Spear and
Wang (2005), Wang (2011), Wang and Yang (2015a), Wang and Yang (2015b), Wang and Yang
(2019)). In terms of modeling, it is closely related to Wang and Yang (2019), analyzing contracts
under limited commitment and on-the-job search. In the latter, separations are triggered by
stochastic job offers instead of idiosyncratic productivity shocks, as in the present paper and
which is at the source of the commitment-flexibility trade off explaining the coexistence of
contracts. More generally, and to the best of my knowledge, the latter body of work does not
study labor-market duality and only one paper examines firing costs, Wang (2013).” In this
paper, the relevant friction is moral hazard, and firing costs are associated with lower workers’
welfare in equilibrium. In contrast, my model with limited commitment implies that firing costs

potentially create welfare gains for workers.

2 Model

2.1 Environment

Preferences and technology. Time is discrete with an infinite horizon and indexed by t > 0.
The economy is populated with infinitely lived identical workers and identical employers.
Workers are risk averse and employers risk neutral. The population of workers is constant and
normalized to one, and the population of employers is endogenous. The expected lifetime utility

of a worker in period t > 0 is given by

Et[iﬁ“‘”um], (1)
=t

where E; denotes the expectation conditional on the information at time ¢, 8 € (0,1) is a discount
factor, u(.) is a period utility function and ¢; > 0 is consumption at time. The period utility
function is continuously differentiable, has u’(c) > 0 and u”(c) < 0 for all ¢ > 0. Workers
cannot save. In each period, they consume their entire income, and they are endowed with
one indivisible unit of time that can be allocated to labor. Employers have access to a linear
production technology using labor as the only input and with the consumption good as output.

The amount of output produced by a worker and a firm in a match at time ¢ is y;, = z; x x.
The component x > 0 represents the match permanent productivity component, and is referred
to as the match quality. The value of this component is randomly drawn at the beginning
of the match (see below) and remains constant throughout. The variable z; > 0 is called the
match-output stochastic component, assumed to follow a simple first-order Markov process with

support Z = [0,z], with Z > 0. As in Mortensen and Pissarides (1994), assume that any new

’In addition, Wang and Yang (2015a) examines the effect of unemployment insurance.



match starts with z; = Z; in subsequent periods, a productivity shocks occurs with probability
A and a new value for z is drawn from a distribution with cdf. G, and pdf. g. In what follows,
denote by G,(.|z) the cumulative distribution of the next-period shock z’ given current value z,
when this allows for greater clarity: G,(z'|z) = (1-A)Z (2’ <z)+ AG(2’) for all z€ Z, where Z
is the indicator function taking the value of one when the associated expression is true (zero

otherwise).

Search and matching. The labor market features search frictions. Workers are either unem-
ployed or employed. Employers can operate production units (“jobs”) that are either vacant or
occupied by a worker. An unemployed worker receives income b > 0 in each period, and the firm
with a vacant job (a vacancy) pays posting costs x > 0 per period. I denote by U the expected
lifetime utility of an unemployed worker and by J > 0 the expected discounted profits of an
employer with a vacant job, both determined in equilibrium.

Search is random, and matching is stochastic (e.g., Pissarides (2000)): unemployed workers
and employers with a vacancy enter in contact randomly and then observe their potential match
quality. Specifically, the number of contacts between unemployed workers and vacancies in
period t > 0 is equal to m(u;,v;), where u; > 0 is the number of unemployed workers, and
vy > 0 is the number of vacancies. The function m represents a standard matching function
with constant returns to scale and is continuous, strictly increasing and strictly concave in
each argument. The contact rate of a worker is p(0;) = m(1,60,), where 6; = v;/u, denotes the
labor-market tightness at t > 0. The contact rate of the a firm is g(6;) = m(1/6;,1). Upon
contact, the worker and the firm draw a potential match quality x from a distribution with cdf.
G,, pdf. g, and support X = [0,X]; assume g, positive and continuous over its support and let
b <X xz, ensuring the formation of a positive mass of jobs in equilibrium.

Upon contact, the worker and the employer agree on a possible employment contract, with
the terms of this contract being set by bargaining (see below). The agents are allowed to set the
contract terms prior to the revelation of the match quality x, that is, they have access to contracts
specifying actions contingent on the possible realizations of x. In addition, a contract can specify
a contingency plan of actions for all possible histories of the match stochastic component z;.
Finally, assume that exogenous match separations occur with probability ¢ in each period. Next,

I describe in more detail the contracting environment.

Contracting. A contract specifies a contingency plan of non-negative wage payments (i.e.,
consumption for the worker) and separation probabilities for each possible history of the match-
specific output. In addition and importantly, the contract design involves making choices over
the contract type. A contract can be of type permanent or temporary. A permanent contract (PC)
is subject to firing costs F > 0, paid by the employer upon an endogenous separation from a

match. Exogenous separations are interpreted as quits and do not incur the payment of firing



costs. A temporary contract (TC) is exempt from firing costs.® There are no severance payments:
contracts do not include plans for payments after a separation.” After separation, the worker
and the firm simply terminate their contract and do not further exchange.

Consistent with existing legislation, temporary contracts are subject to hiring and duration
restrictions: in most countries, hiring on temporary contracts is only allowed in specific circum-
stances defined by law, and these contracts have a mandated maximum duration and a limited
number of renewals. The hiring restrictions are captured by a parameter ¢ € [0,1], which
represents the exogenous probability that the agents are not allowed to sign a TC at the start
of a potential employment relationship. In other words, when an unemployed worker and a
vacancy enter into contact in the labor market, they are exogenously allowed to choose between
a PC and a TC with probability 1 — ¢(; otherwise (with probability ¢), they are required to
sign a PC if they wish to form an employment relationship. The particular value taken by ¢
is insignificant for the main results in the paper (in fact, the benchmark quantitative analysis
assumes ¢ = 0, i.e., an absence of hiring restrictions). Considering hiring regulations is meant
to conduct quantitative experiments.'’

The duration restrictions are materialized by a parameter ¢, which is the exogenous prob-
ability that a TC is terminated and that the agents are required to sign a permanent contract
if they wish to continue the employment relationship. In other words, when the duration
restrictions apply (with probability ¢), the agents matched in a TC must either convert their
current contract into a PC or separate. In such an environment, a TC specifies a contingency
plan for separation probabilities (or, equivalently, for probabilities of conversion of the TC into

a PC) in cases where the duration restrictions binds.'!

8 Assuming no firing costs for temporary contracts is a simplification that is common in the literature on dual
labor markets. However, as explained in Cahuc et al. (2016), in several countries, the legislation makes it more
costly to terminate a temporary contract before its term than a permanent contract. For instance, according to the
French legislation, an early termination of a TC (i.e., before the term initially specified by the contract) initiated
by the employer is in principle not allowed (except in special cases such as serious misconduct or force majeure).
Nevertheless, when employers have information about the distribution of future states, they can in theory adjust
the duration of a temporary job to minimize the costs incurred by negative shocks. The key distinction that this
paper intends to capture is that a temporary contract presumably has relatively more flexibility and a higher risk

of unemployment. A difference in firing costs can parsimoniously capture this distinction.
This assumption is for tractability and is innocuous for the qualitative results, which hold as long as the

employer has no access to contract with a complete set of history-contingent severance payments. This would be
at odds with the assumption of limited commitment and would contradict empirical evidence suggesting that a
minority of U.S. workers receive severance payments (Chetty (2008)). With a friction limiting the provision of
severance plans, firing costs improve the employer’s ability to provide insurance against income fluctuations in a

context with limited commitment.
10In particular, this allows for conducting counterfactuals where the hiring regulation is tightened to explore the

effect of labor-market reforms having eased the restrictions on temporary contracts in European countries over

past decades, following e.g., Faccini (2014)
"This is in addition to wage payments and the plan for separation probabilities in cases where the regulation

8



It is assumed that the employer and the worker have limited ability to commit to the terms
of their employment contract (Thomas and Worrall (1988)). The agents are allowed to renege
on a contract and have incentives to do so when they can credibly threaten the other party to
leave their match. In this context, a feasible contract must satisfy, in all histories such that the
continuation of the contract is a possible outcome, a participation constraint for the worker
and the employer, stating that both agents are better off in the contract than by taking their
respective outside options. In this setting, firing costs associated with the PC constitute a
commitment device that relaxes the employer’s participation constraint in some states (Karabay
and McLaren (2011)), an aspect that is key to the choice between a PC and a TC in this model.

The contract design can be decomposed into two steps. The first step specifies actions contin-
gent on the match-quality realization, including deciding whether to form an employment rela-
tionship and choosing the contract type. The second step consists of setting history-contingent
actions given the contract-type choice made in the first step (and given the match quality drawn
upon hiring). I present below the contract definition backward, starting with the definition of a
permanent and a temporary contract, leaving to the end of this subsection the presentation of
the first-step problem.

A permanent contract consists of a list of history-contingent wage payments and separation
rules, as per models of dynamic contracting with endogenous separations (e.g., Spear and Wang
(2005), Wang (2011)). The contracting problem is analyzed in a recursive form which has a
predetermined promised lifetime worker’s utility value as a state variable summarizing the
contract’s past outcome (Green (1987), Spear and Srivastava (1987)). For a given match quality

X, a permanent contract is a list
op = {wP(V,z), sp(V,2,2"),vp(V,z,2"): z€ Zp, VE€Vp(2), 2" € Z}, (2)

where Zp C Z is the set of values of the match-output stochastic component z such that there
exists a feasible PC, V is the worker’s current promised lifetime utility value, and Vp(z) is the
set of expected lifetime utility values that can be delivered to the worker by a feasible PC given
state z € Zp. The variables Zp and Vp are endogenous and determined in equilibrium.

Hence, in each attainable state, the contract specifies a wage payment wp(V,z) > 0 and a
set of actions contingent on the next-period’s shock z’. These actions are described by: (i) a
separation probability s,(V,z,z") € [6,1] (recall that 6 is the exogenous separation probability);
(ii) expected continuation lifetime utility values delivered to the worker, such that vp(V,z,2’) €
Vp(2') for 2’ € Zp and sp(V,2,2’) < 1;and vp(V,z,2’) = U for 2’ € Z\ Zp or sp(V,z,2") = 1.12

does not bind, i.e., when there is no requirement to terminate the TC.
2When z’ € Z \ Zp (i.e., no continuation is feasible), sp(V,z,z’) = 1 and vp(V,z,z’) = U: the contract must end

with probability one and the worker goes back to unemployment, obtaining the corresponding lifetime utility

value.



Similarly to permanent contracts, a temporary contract specifies plans for wage payments
and separation probabilities. However, in the case of a TC, these plans include actions contingent
on situations where the exogenous duration restrictions bind (with probability ¢). Specifically,

for a given match quality, the temporary contract is defined by
or = {wT(V,z), sj(V,z,z’), v]-(V,z,z’) cz€Zr,VeVr(z),z €Z;je {T,c}}, (3)

where Z7 and Vr(z) are defined analogously to their counterparts for the permanent contract.
In each attainable state, the temporary contract specifies a wage payment wr(V,z) and a list of
actions for the next period. The eventuality of an exogenous mandated termination of the TC is
reflected upon: s7(V,z,z") and vy (V,z,2") describe the separation probability and continuation
value in cases where the duration restrictions do not bind, whereas s.(V,z,z’) and v.(V,z,2’)
are for actions contingent on cases where the TC is exogenously required to be converted into a
PC (or terminated). The index j € {T,c} captures this distinction introduced by the exogenous
duration restrictions.

The first step of the design of a contract sets a plan that is specified right after a worker and
a firm enters into contact and just before observing the potential match quality x. This plan is

called a hiring rule, defined as a list
£ = {hp(vo,x>,hT<vo,x>,vp<vo,x>,vT<vo,x> Vo eV xe x} @)

where V|, represents the worker’s initial expected lifetime utility in the potential match (or initial
matching utility value) and V) is the set of such values V|, that can be delivered by a feasible
contract, prior to observing the match quality. In equilibrium, I will let V,; be determined
by Nash bargaining given V), the agents’ outside options, and given the employer’s expected
matching profits generated by optimal contracting (see below).

Moreover, hp(x) € [0,1] and hr(x) € [0,1 — ¢p¢] represent the probability of hiring in a
permanent and temporary contract, respectively: hiring takes place with probability hp(x) +
hr(x) <1 given match quality x. For clarity but with abuse of notation, I denote the hiring
worker’s continuation values by vp and v but these are to be distinguished from these appearing
in definitions (2) and (3), which belong to the case of an ongoing match. These continuation
values determine the worker’s expected lifetime utility conditional on the match quality and
the contract type, in cases where the match carries on beyond the first step (i.e., in cases where

hiring takes place).

2.2 Contracting problem

This section presents the contracting problem prevailing in a labor market equilibrium. In

equilibrium, the employer designs a Pareto efficient contract maximizing the expected lifetime

10



discounted profits, subject to delivering to the worker an initial value Vj € V) and to feasibility
constraints. The analysis in this subsection and the following treats the agents’ outside options
(the unemployment utility value U and the profits of a vacant job J;) as exogenous. Recall
that these are determined in equilibrium (see subsection (2.4)), but treated as given from the
perspective of the agents in a match agreeing on a contract. As before, the analysis proceeds
backward decomposing the problem into two steps: I first analyze the design of permanent and

temporary contracts conditional on the match quality and then an efficient hiring rule.

Permanent contract. Consider an employer with a permanent contract in a match with quality
x. For clarity, let the dependence of the model’s variable on x be understood for now. This

employer’s expected lifetime discounted profit value is a solution to

L . WA
8 [ |00 0n() ) - o) 1600 4 50+ (B 0
subject to
wp >0 (6)

x(6.2) =] [ (sn2)-01i6.0230) (o) o)

)+ [0 =50 001 - ) |d6.70 4 pU = v ®)
sp(z') €[6,1], forz’ € Zpand sp(z’) =1, forz’ € Z\ Zp 9)
vp(2') > U, for 2z’ € Z such that sp(z") < 1 (10)
Jp(vp(2),2") > Jy - F, for z’ € Z such that sp(z’) < 1. (11)

for all z € Zp and all V € Vp(z). The problem consists of setting actions to maximize the
employer’s profit function (5) under constraints (6)-(11). Constraint (6) comes from the non-
negativity requirement for consumption and the absence of savings. In (7), x(F,z) represents the
discounted expected costs incurred by firing costs F given the choice for separation probabilities.
This reflects that exogenous separations do not have firing costs. Condition (8) represents the
promise-keeping constraint, such that the contract continuation terms are consistent with the
worker receiving predetermined promised lifetime utility V. The constraint (9) puts restrictions
on the probabilities of separation. Equations (10) and (11) represent the worker’s and the firm’s
sets of participation constraints, respectively. These require that in states in which continuation
has a positive probability (sp < 1), the worker and the firm are better off in the match than
by taking their outside options. Note that firing costs enter not only in the profit equation (5)

through the term x(F,z) but also in the participation constraint of the employer.

11



Temporary contract. The employer’s expected lifetime discounted profit value with a temporary

contract is

Jr(v,2) =max zx-wr [ |- )0 =51 0r0r(2).2) - )

£ (1= s(2)) Up(ve(2),2) —Jo>]dcz<z'|z> B, (12)
subject to

wr >0 (13)

(1 -s.(2))(ve() - U)]dGz<z'|z> FpU =V (19

st(z') €[0,1], forz’ € Zr, and sp(z') =1 forz’ e Z\ Zy
sc(z') €[o,1], forz' € Zp, and s.(z") =1 forz’ € Z\ Zp (15)

and subject to the set of participation constraints

vr(2') > U, for 2’ € Z such that sy (z') < 1

v.(z’) > U, for z’ € Z such that s.(z") < 1 (16)
for the worker and

Jr(vr(2'),2') > Ty, for 2’ € Z such that sp(z') < 1
Jp(v(2),2") = Ty, for 2’ € Z such that s.(z') < 1 (17)

for the employer, for all z€ Z and V € Vr(z). The choice variables
61 = {wT, si(2)),vj(2'): je(T,c}, 7' € Z}

are set to maximize the profit (12) under constraints (13)-(17). Note, again, the dependence of
the choice variables on j € {T,c}, which reflects the distinct states induced by the exogenous

(random) requirement to convert the TC into a PC.

Hiring rule. The first step of the equilibrium contracting problem designs the hiring rule
given the maximized profit functions Jp and J7. It is set to maximize the employer’s expected
discounted profits prior to drawing the match quality, and subject to delivering initial lifetime

utility value Vj to the worker according to

J(Vy) = max

&

J-x lhp(X') Up(vp(x'),2,x") = To) + hr () Jr (v (x),2,X7) = To) 4G (x) + BT, (18)

12



subject to

JX [hp(x’)(vp(x’) —U)+hr(x")(vp(x')=U)|dG(x") + BU =V (19)

hp(x) € [0,1] for x € Xp, and h,(x) = 0 for x € X \ Xp (20)
hr(x) €[0,1—¢o] for x € X7, and hr(x) =0 for x € X \ Xt (21)
hp(x)+hr(x) <1 forall xe X (22)
vi(x) 2 U forall xs.t. hj(x) >0, j€{P,T} (23)
]]-(v]-(x),f,x) > Jo for all x s.t. h]-(x) >0,j€e(P,T}, (24)

for Vy € Vy; & is a list of choice variables for the hiring-step actions, in accordance with definition
(4). Moreover, I denote by Xp and Xt the set of match quality realizations such that there exists
a feasible permanent and temporary contract, respectively. Notice that the formulation of the
problem makes explicit the dependence of the profit functions Jp and 1 on the match quality.

Hence, the hiring rule is set to maximize the profits (18) under the constraint that the
contract delivers initial expected lifetime utility V| to the worker according to (19) and under the
participation constraints (23) and (24). Finally, (20) to (22) specifies the admissible probabilities,
reflecting the hiring regulation represented by the parameter ¢y. The solution to this step of
the contracting problem describes the choice between a permanent and temporary contract as

taking place in equilibrium.

2.3 Optimal contract

This section analyzes the design of an optimal contract. The two following propositions describe
key features of the permanent and temporary contract that are preliminary to the contract-
choice analysis. The following restricts the analysis to a match quality x high enough so that

both a permanent and a temporary contract are feasible.

Proposition 1. Consider a match in any state z€ Zp, V € Vp(z). An optimal permanent contract
features (i) a separation threshold z, € Z and (ii) wage-updating thresholds {wp(2’) : 2’ >z} such
that:

(i) the separation probability is
6+ (1-06)AG(zp);
(ii) conditional on continuation, the next-period wage is

min (wp(V),Wp(2)), (25)

where wp (V') is the current-state wage (independent of z), and wp(z’) is the wage such that the

employer’s participation constraint (11) binds in next-period state z'.
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The following proposition is for the optimal temporary contract.

Proposition 2. In any state z € Zr and V € Vy(z), an optimal temporary contract features (i)
separation thresholds z and z, and (ii) wage-updating thresholds {wr(z") : 2’ > z1} and {w.(2’) :
z' >z } such that:

(i) a separation occurs with probability

54 (1- 5){(1 ~9)AG(zp) + 9[(1- V(< z,) + AG(ZC)]}, (26)
and the probability of a conversion into a permanent contract is
(1-8)9[(1-VI(z22) + A(1-G(z)] (27)
(ii) conditional on continuation in a temporary contract, the next-period wage is
min(wT(V,z),ET (z')),
whereas conditional on a conversion into a permanent contract, it is

min (wT(V, z),w.(z') )'

where wr (V,z) is the current-state wage. Moreover wr(z’) is the wage such that the constraint (17)
binds conditional on continuation in a temporary contract and w.(z") is the wage such that (17) binds

conditional on a conversion into a permanent contract in next-period state z’.

The proofs of the propositions and lemmas in the main text are presented in appendix A. The
optimal PC and TC are characterized in terms of a list of threshold functions that determine effi-
cient wage dynamics and separation rules. The wage follows simple updating rules determined
by the maximum feasible wages wp(z’), wr(z’), and w,(z’) in continuation states.'® Efficient
risk sharing commands that the wage remains constant across histories unless it needs to be
adjusted downward to allow for the match continuation (i.e., to avoid an inefficient separation).
In addition, a separation occurs with probability one in states such that there is no feasible con-
tract providing non-negative continuation surplus to the worker and employer simultaneously,
which is the case when productivity falls below the thresholds z;, z, or gc.14

Hence, the optimal contract design brings together features of wage dynamics in models of

the labor market with limited commitment (Thomas and Worrall (1988), Thomas and Worrall

I3Note that in this setting, the worker’s reservation wage is constant across states and contract types: the worker’s

outside option is independent of the shocks to the match productivity.
4Notice that this characterization has special cases where an endogenous separation is never optimal: in such

cases, zp =z (Or 27,2, = 2).
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(2007)) and features of efficient separation decisions from models with search-and-matching
frictions and endogenous separations (Mortensen and Pissarides (1994)). Note also that in a TC,
the mandated conversion requirements affect the wage dynamics through the wage-updating
threshold w,: with probability ¢ the relevant participation constraint for the separation and
wage-dynamics rules is that of the employer facing the requirement to convert the TC into a PC.
Hence, in the case of the TC, the worker’s income dynamics is shaped by productivity shocks
and by “conversion shocks” induced by the duration restrictions.

The two following lemmas analyze the distinguishing features of the optimal permanent

and temporary contract that are key to the contract-type choice.

Lemma 1. If F > 0, we have that zp < zp < z_, with strict inequalities for match quality x low enough.

Moreover, wp(z) >wr(z) for all z >z and wp(z) >w.(z) forall z > z..

This lemma implies that the probability of separation is higher in a temporary than a permanent
contract, and that conditional on continuation, a wage cut is more likely in the temporary
contract conditional on a given wage. This comes from the fact that (i) as expected, firing costs
relax the participation constraint in the PC and (ii) that mandated conversion requirements
impose additional restrictions on the set of feasible wage and separation rules in the TC. This

implies the following key result for the choice between a PC and a TC.

Lemma 2. Consider z> z. (i) For V.= U, wp(V) = wr(V,z), implying that J7(V,z) > Jp(V,z).
(ii) For all V € Vp(z) NVr(z), 1/u'(wr(V,2)) = 1/u’(wp(V)) implying that d]p(V,z)/dV >
dJ1(V,z)/dV. Moreover, the latter hold with strict inequalities if V > U.

Part (i) says that the period wage costs of delivering to the worker a lifetime utility equal to the
value of unemployment are independent of the contract type. This implies that lifetime profits
are higher in a temporary contract delivering a lifetime value equal to that of unemployment.
Part (ii) says that the marginal cost of delivering higher utility to the worker is greater in a
temporary contract due to risk aversion, and due to the difference in income risk across the two
contract types as implied by lemma 1. The permanent contract is less risky from the perspective
of the worker because firing costs expand the continuation constraint set in a PC. In contrast,
the duration restrictions reduce the same set in a TC. It follows that a PC has higher room for
providing insurance against idiosyncratic shocks.!> In other words, the temporary contract
has a risk-compensating wage premium. It is important to note that this does not imply that
temporary workers are paid a higher wage in equilibrium, which is counterfactual to empirical
evidence (e.g., Bonhomme and Jolivet (2009)). Essentially, this result describes the trade-off that

an employer faces when designing a contract: it is optimal to choose a PC because the losses

I5Note that most of the results in this subsection are stated under the condition that F > 0: this is because it is

assumed throughout that F > 0, as the benchmark quantitative model of section 3 will have F = 0.
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from low flexibility are offset by the extra costs that would have been required to compensate the

worker for the additional risk in a temporary contract (given lifetime utility).

Contract choice. The following proposition characterizes efficient hiring and contract-choice

rules in terms of the realized match quality.

Proposition 3. (i) The set of initial expected lifetime utility that can be delivered to the worker by a
feasible contract is a non-empty, closed and bounded interval Vy = [U,VO]. (ii) Let F > 0. For any
Vo € Vo, an optimal hiring rule has thresholds x 1, xp, and £(Vy) with 0 < xp < xp < £(Vy), such that,

when an unemployed worker and an employer with a vacant job enter into contact:

* a permanent contract is formed with probability
¢0[1—Gx(£p)]+(1—¢0)[1—Gx(f(vo))]; (28)
* a temporary contract is formed with probability

(1= ¢0)[Gx(2(Vo)) - Gy (x1)], (29)
and no match is formed with remaining probability.

In addition, an optimal hiring rule has a “target” wage wy(Vy) such that the match initial wage

conditional on match quality x is
min (wo (Vo) we(Z,%)), (30)

if a permanent contract is formed, where w.(z,x) is the wage such that the employer’s participation

constraint binds given x and
min(wO(VO),wT(Z,x)) (31)
if a temporary contract is formed, with wr(z,x) analogously defined.

High-quality matches end up sorting into permanent contracts and the other into temporary
contracts as a result of the trade-off between flexibility and commitment underlying the contract
choice. In low-quality matches with x € [x;,%(V)), the gains from greater flexibility dominate
in the sense that it is optimal to make the temporary contract formation contingent on such
realization. In high quality matches with x > £(V,), the gains from better commitment dominate
and a permanent contract is optimal. This trade-off is relevant when the hiring regulation is not
binding, that is when both the PC and TC are available (with probability 1 —¢,). When only the
PC is available (with probability ¢), hiring occurs when x > x,. Finally, notice that x; < xp: the

hiring reservation match-quality level is higher in a PC due to firing costs.
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The proposition also describes an efficient initial wage plan. Due to the worker’s preference
for smooth consumption, the employer would like to offer a constant wage across states, inde-
pendently of the contract type. However, the wage plan is constrained by limited-commitment
frictions and must be set so that participation constraints are satisfied in all states with hiring
as a possible outcome.

The next proposition characterizes properties of the hiring-stage profit function J, a prereq-

uisite for the labor-market equilibrium analysis that follows.

Lemma 3. The maximized profit function J : Vy — R defined by (18) is strictly decreasing, strictly
concave, continuously differentiable, and satisfies 7 (Vo) = Jy. Further, J'(Vy) = =1/u’(wo(Vy)).

Due to the assumption that the contract is designed before observing the match quality x, J is
continuously differentiable and strictly concave.'® This facilitates embedding the contracting
problem in an environment with Nash bargaining, as it is done in the following labor-market
market equilibrium section. Moreover, there is a unique V solving J(V,) = J, with the
implicit assumption that the value of a vacant job Jj is low enough to ensure that matching
potentially yields a positive surplus to both agents; this will be the case in equilibrium as vacancy
free-entry will drive J, to zero. This V, represents the willingness to pay of an employer in
the worker’s utility terms, and any V; € [U, V] yields a positive surplus to both agents. In
addition, the employer’s marginal cost of increasing the worker’s initial lifetime matching utility
is equal to the inverse of the marginal utility of the initial (unconstrained) consumption of that
worker (itself equal to the target wage w, defined in the previous proposition).!” The latter
statement, which will prove useful in the equilibrium characterization that follows, comes from
an envelope condition. It remains to study the distribution of the surplus in the context of an
equilibrium of the labor market with bargaining, search frictions, and free entry of vacancies as

in the following subsection.

2.4 Labor-market equilibrium

The section provides an analysis of a steady-state equilibrium of the labor market, in which
the value of unemployment U, the profits of a vacancy [, and the worker’s initial matching

lifetime utility value V;) are endogenous and determined according to the following conditions.

16 Allowing the agents to bargain over the contract choice given the realization of x potentially yields a nonconvex
problem as the Pareto-frontier of the two contracts potentially intersect in the employer’s profit- worker’s utility

value space.
17More specifically, the marginal cost is equal to the inverse of the marginal utility of unconstrained consumption,

i.e., the consumption (i.e., worker’s income) level contingent on match quality such that hiring occurs and no

participation constraints bind.
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First, the worker’s expected lifetime utility of unemployment is given by

U = u(b) + Bp(6) Vo + (1-p(6))U]. (32)

With probability p(0), the worker enters into contact with an employer, obtaining value V) and
staying unemployed otherwise. Moreover, the worker’s initial matching value is determined

through Nash bargaining following

max  (vo—U)?(J (v0) =)' 7, (33)

vo€[U,V ]
where ¥ € (0,1) represents the relative bargaining power of the worker, where V is the
employer’s willingness to pay to form a match as discussed in lemma 3. Given properties of
J (lemma 3) the objective is strictly concave and the problem has necessary and sufficient

conditions for an optimum

-1
Vo—UZ—ﬁlj/(Vo)l (I (Vo) = J0), (34)
which implicitly determines the worker’s initial matching value V; given U and J: the worker’s
marginal benefit of increasing the employment contract expected lifetime utility is equal to the
(appropriately weighted) employer’s marginal cost.

Finally, free entry of vacancies implies the zero-profit condition J; = 0, so the labor-market

tightness satisfies the indifference condition

-1

BT (Vo)/x

q(0) = (35)

the expected cost of meeting a worker equals the employer’s expected profits of such a meeting.
The steady-state equilibrium labor-market flows and stocks can be expressed in terms of the
optimal contract characterization and the equilibrium variables 8, V), and U. The steady-state

unemployment-to-employment (UE) transition probability is

Aue =p<e>[<1—¢o><1—cxm>> ol —Gxup))], (36)

whereas the transition probability from unemployment to a permanent job (UP) and to a

temporary job (UT) can be written as
Auop = p(0)] (1= 0) (1= Gu(5(V0)) + (1 - 6oz 37

Aur =p(O)(1 —%)[Gx(ae(vo)) _ Gqu)], (38)
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respectively. Recall that x,xp, and £(V}) are the hiring cutoffs of proposition 3, and that 1 — ¢,
materializes the hiring restrictions on TC. The transition probabilities from a temporary to a

permanent job (TP) satisfies

Arp=(1-0 [ {121 Hr(a ) £ A[ - G pra) ar. 39

whereas the transition probabilities to unemployment from a permanent (PU) and a temporary
job (TU) are

X

X
APU:f 5p(x')hp o (x")dx’; ATU:_r Sp(xX")hr . (x")dx, (40)
Xp

Xp

with
sp(x) =0+ (1-0)AG,(zp(x))

5100020+ (1-0){ A1 )6z () + 06z D)] + 601 - Vs (2.

representing the probability of separation in a permanent and temporary contract conditional
on match quality x, as per lemmas 1 and 2 (with the dependence of relevant thresholds on x
being made explicit). These flows depend on the equilibrium density functions of match quality
for permanent and temporary jobs, hp , and hr ,; moreover, Hr(.|x) is the equilibrium c.d.f. of
stochastic productivity conditional on match quality x > x in the pool of temporary jobs. These
distributions are described in the supplementary appendix. Finally, labor-market stocks can be

described in terms of these transition probabilities as in

Afy Ayr u

= ) Ny = X
Ape+Acgy’ T Arp+ Ay 1-u

U ; np=1-nr, (41)

for the unemployment rate and the employment share of temporary and permanent jobs,

respectively, and where

np

n
Apy = Apy +——Ary (42)

1-u 1-u
is the unconditional transition probability from employment to unemployment. An equilibrium

definition is as follows.

Definition 1. A steady-state equilibrium is a list of value functions Jp,J1,J, U and policy functions
op, 07, and &*; an initial matching utility value Vy; a labor-market tightness 0; and labor-market
stocks u, nr, np, such that: (i) the value functions Jp and ]t and the policy functions o}, o3 solve (5)
and (12) given U and given Jy = 0; (ii) J and &* solve (18) given Jp, |1, and U; (iii) U, V,), and O
satisfy (32), (34), and (35) given J; (iv) u, nt, np satisfy (41) given 0, op, oy, and &*.
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The following proposition presents a key equilibrium feature, which is the coexistence of
permanent and temporary jobs—the main result of the paper. This proposition relates this
coexistence to a simple condition on the upper bound of the match quality distribution X
sufficient under the assumption that the unconditional match quality distribution is strictly

positive, g, > 0.

Proposition 4. Assume that F > 0 and ¢ < 1: firing costs are positive and temporary contracts are not
forbidden. In equilibrium and for X high enough, nt > 0 and np > 0 (for any ¢ € [0,1], ¢o€[0,1)):

permanent and temporary jobs coexist, regardless of the regulation on temporary jobs.

An equilibrium solution features a coexistence of permanent and temporary contracts when
the unconditional quality of matches—a primitive of the model—is sufficient dispersed in terms
of its range (unless there are no firing costs or temporary contracts are forbidden). This follows
from proposition 3 and from the stock-flow conditions (36) to (41). This is regardless of the
parameter values for the hiring and duration/renewal restrictions on temporary jobs: this holds
even when ¢y = ¢ = 0, i.e, in the total absence of regulation on temporary jobs.

Specifically, this result follows from the optimal-contract (hiring rule) characterization in
proposition 3: recalling that g, is positive over its support X = [0,x], ¥ high enough implies
values for the flows Ayp >0 and Ayt > 0 from (37) and (38), implying the equilibrium stock
values np > 0 and ny > 0. In contrast, the standard search-and-matching model with endogenous
separations (Mortensen and Pissarides (1994)) requires ¢ > 0 or ¢ > 0 to have an equilibrium
with permanent jobs. Key to this result are the assumptions of long-term contracting under
limited commitment and endogenous separation plans as a component of the contract.

On the one hand, with the employers having full commitment ability, it is clear that tempo-
rary jobs would be always weakly preferred to the permanent ones. In such a case, firing costs
would not provide any gain in terms of risk sharing and would only distort separation decisions
and impose additional costs. On the other hand, in the absence of eventuality of separations
(i.e., with feasible contracts lasting forever as in e.g., Thomas and Worrall (1988)), firing costs
would serve as a “pure” commitment device that generates efficiency gains to any new match.
It is then clear that a permanent contract is weakly preferred in all cases. The combination of
these two features, together with a sufficiently high degree of dispersion for the match quality
distribution implies the formation of an equilibrium mass of jobs in which opting for more
flexibility is optimal and a mass for which more insurance coming from improved commitment

instead is optimal.

3 Quantitative analysis

This section proposes a quantitative analysis of the model. First, the model is calibrated to

the U.S. labor market for 1990-2010, a benchmark laissez-faire economy. Second, a validation
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exercise changes the model’s parameters to mimic an introduction of salient European labor-
market institutions into the benchmark. It shows that the model reproduces stylized facts of
the long-run dynamics of temporary jobs in France and Spain. Finally, the section studies the
model’s implications for the following two questions: (i) the employment effect of labor market
reforms relaxing hiring constraints on temporary contracts interacted with European-type

institutions and (ii) the welfare effect of firing costs.

3.1 Calibration

The model is calibrated to the U.S. labor market for 1990-2010, the benchmark. The time
unit is a month. The matching function has Cobb-Douglas form m(u,v) = Au'lv!™1 (A > 0,
1 €(0,1)). Upon hiring, the quality of matches is drawn from a log-normal distribution with
mean normalized to one, parameters y, > 0 and o2 > 0. The idiosyncratic-shock component
of output is uniformly distributed with support Z = [0,1] (Mortensen and Pissarides (1999)).
The discount factor is equal to f = 0.9957, consistent with a 5% annual discount rate. The
elasticity of matching is 17 = 0.5, a conventional value, and the worker’s relative bargaining
power parameter is set to a = 7, in line with the Hosios condition (Hosios, 1990). Following
Jung and Kuhn (2019), I set the probability of exogenous separation 6 to 0.24%. Finally, F = 0
to mimic the lax employment protection legislation in the U.S.!8

The following parameters are internally calibrated: the non-work income level b, the match-
ing efficiency A, the vacancy posting cost «, the probability of a match-specific shock A, and the
variance of the log match quality o2. Following Shimer (2005), the labor-market tightness 0
is normalized to one, and the vacancy-posting cost k is deduced from the free-entry condition
(35). In addition and to save on computation, I calibrate the model in partial equilibrium, in
the sense that I treat the worker’s utility value of unemployment U as given and then com-
pute the non-work income b that is consistent, in equilibrium, with U, the other parameters,
and the normalization 6 = 1. I target b to be equal 0.4 unit of output (Shimer (2005)). In
equilibrium of the calibrated model, this value implies an average replacement ratio equal
to 0.39. Moreover, the matching efficiency A is set to target an unemployment rate equal to
5.6%, the U.S. average over 1990-2010; A targets a monthly employment-to-unemployment
monthly transition probability equal to 2% (Jung and Kuhn (2014) and Shimer (2012)). The
parameter o2, driving heterogeneity in match quality and, therefore, in separation rates, is
calibrated using information from the Job-Tenure supplement of the CPS for 1996-2010. An
individual with less than one year of tenure is 3.13 times more likely to experience a monthly
separation (into non-employment or to another employer) than those with one to 15 years of

tenure. In the model, the counterpart to this statistic is the ratio of separation probabilities

18With F = 0, the distinction between permanent and temporary contracts is meaningless and the TC restriction

parameters ¢ and ¢ are irrelevant.
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Table 1: Benchmark parameter values

Preset

B Discount factor 0.996
o Relative risk aversion 2.5
1 Elasticity of matching 0.5
)4 Worker’s bargaining power 0.5
o Exogenous separation probability 0.0024
F Firing costs 0
Internal

b Non-work income 0.383
A Matching efficiency 0.600
A Probability of idiosyncratic shock  0.068
o2 Log match-quality variance 0.204
Px Log match-quality mean -0.102
K Vacancy posting costs 2.096

Notes: parameter values in the benchmark U.S. calibrated economy. The exogenous probability of separation o
is set following Jung and Kuhn (2019). The other preset parameters are standard. The targets for the internally
calibrated parameters are an unemployment rate equal to 5.6%, an aggregate EU probability of 2%, non-work
income b = 0.4 (Shimer (2005)), and relative separation rates by tenure estimated from the Job Tenure Supplement
of the CPS (less than one year of tenure to 1-15 years). Moreover, y, = —02/2. The value of « is set to be consistent
with the normalization that the labor-market tightness & = 1 (Shimer (2005)). In addition, the model is calibrated
in partial equilibrium with the value of unemployment U exogenous, and the parameter b is computed accordingly
(see the text for details). The model fit to the calibration targets is shown in Table 2, Panel A.

to unemployment.'” I then let u, = —02/2, a normalization. The resulting parameters are
reported in Table 1 and the model fit to the targets is illustrated in Panel a) of Table 2.

3.2 Institutions and cross-country outcomes

This subsection presents an experiment introducing counterfactual labor-market policies into
the U.S. benchmark economy. The primary goal is to assess the model’s ability to account for
salient cross-country variation in labor market outcomes in response to parsimonious parameter
changes. I consider policies consistent with the cases of France and Spain. Not only these

countries are considered as epitomes of dual labor markets attracting great attention in the

9These ratios are computed using unweighted averages of separation rates conditional on yearly tenure, to
control for composition differences between the data and the model.
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Table 2: Data and model targeted statistics

Target Model

a) U.S. benchmark

Unem. rate (%) 5.61 5.64
EU rate (%) 2.00  2.00
Sep. rate tenure ratio 3.13 3.17
Non-work income, b 0.40 0.38

b) “French’ counterfactual

Unem. rate 9.20 9.21
TP rate (%) 3.43 3.44
b/E(w) 0.55 0.55
F/E(w) 1.50  1.49
c) “Spanish’ counterfactual
Unem. rate 13.28 13.54
TP rate 2.16 2.16
b/E(w) 0.58 0.58
F/E(w) 1.80 1.80

Notes: targeted and model statistics for the U.S. benchmark economy (Panel a)) and the counterfactual model
economies with “French-type” (b) and “Spanish-type” institutions (c). The U.S. employment separation ratio by
tenure (less than one year to 1-15 years) is estimated from the Job Tenure Supplement of the CPS (1996-2010). The
U.S. value of non-work income of b = 0.4 is from Shimer (2005); replacement ratios (b/E(w)) are from Bentolila
et al. (2012), and firing costs (relative to the average equilibrium wage F/E(w)) are from Cahuc et al. (2016).
Transition probabilities are estimates from Jung and Kuhn (2014) (U.S.), Givord and Wilner (2015) (France), and
Silva and Vazquez-Grenno (2013) (Spain).

literature, but they also display sharp differences in the prevalence of temporary jobs. Note that
this exercise is not meant to mimic the French and Spanish economies. Rather, it examines the
extent to which the model captures non-targeted empirical outcomes in response to plausible
policy differences—a validation exercise.

In this experiment, preference and production technology primitives remain the same across
economies (f, o, 02, p,, A). 1 also keep constant the matching technology and bargaining
parameters «, 17, and . The efficiency of matching A is set following Jung and Kuhn (2014),

studying the business cycle dynamics of the German and U.S. labor markets. Their calibration
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suggests a value for A in the U.S. that is twice as large as for Germany.?’ The unemployment
benefit level b is calibrated to match a wage replacement ratio of 0.55 in France and 0.58 in
Spain (Bentolila et al., 2012). As suggested by Cahuc et al. (2016), firing costs F are set to be
equal to 1.5 of the average wage in France and 1.8 of that in Spain.

In addition, the hiring restriction parameter is ¢y = 0 in the two economies, consistent
with the fact that temporary contracts represent the vast majority of hiring flows in France
and Spain (Cahuc et al., 2016), which suggests lax regulation (or, at least, low enforcement
of this regulation).?! To calibrate the duration restriction on temporary contracts ¢, I target
empirical transition probabilities from temporary to permanent jobs (TP). For Spain, Silva and
Véazquez-Grenno (2013) estimate a monthly TP rate equal to 2.16% for 1993-2010. For France, I
take quarterly transition probabilities estimated by Givord and Wilner (2015) for 2002-2010 and
infer monthly probabilities following Shimer (2012) and Silva and Vazquez-Grenno (2013).%?
This yields a monthly TP rate equal to 3.43%. Finally, using transition matrices from Givord
and Wilner (2015) and Silva and Vazquez-Grenno (2013), I compute the following steady-
state unemployment rates: 9.2 % for France and 13.3 % in Spain. The exogenous separation
probability 6 is adjusted to match these statistics. Table 3 shows the parameter values for the
counterfactual economies along with the benchmark. The targeted and model moments are
shown in Panels b) and ¢) of Table 2.

Table 3: Parameter values for the counterfactual model economies

Counterfactual Benchmark

French-type Spanish-type

A Matching efficiency 0.300 0.300 0.600
b Non-work income 0.500 0.530 0.383
F  Firing costs 1.37 1.65 0
¢o TC hiring regulation 0 0 -
¢  TC duration regulation 0.045 0.030 -
0  Exogenous separation 0.0008 0.0019 0.0024

Notes: parameter values for the counterfactual economies with “French-type” and “Spanish-type” institutions (and
their benchmark counterparts). The matching efficiency A and TC hiring regulation strictness ¢ are preset (see

the text for details). The parameters b, F, ¢, and 0 are set to match the statistics in Table 2.

Table 4 reports untargeted outcomes of the counterfactual economies. To put these in

20 According to Elsby et al. (2013), France, Germany, and Spain have unemployment outflow rates ranging from 6

to 8% in 1990-2010, suggesting an efficiency of matching of a similar magnitude in these three countries.
2IThe parameter ¢ will be increased later on when analyzing the effect of temporary contracts (subsection 3.3).
22Silva and Vazquez-Grenno (2013) and Givord and Wilner (2015) use longitudinal data from labor-force surveys.

24



empirical perspective, it also reports estimates from Givord and Wilner (2015) and Silva and
Véazquez-Grenno (2013).2% First, the table reports monthly transition probabilities in and out of
employment and of permanent jobs. The French-type institutions imply worker flows in the
model that are close to their data counterparts. The latter is also true, albeit to a lesser extent,
for the model with Spanish-type institutions. Second and most importantly, the model captures
most of the large difference in the prevalence of temporary employment between France and
Spain. The table displays employment shares of temporary jobs implied by the empirical
transition probabilities. The economy with French-type institutions has an employment share
of 12.7%, close to the data (11.9%). The Spanish-type model has a temporary employment share
of 20%, versus 24% in the data. Moreover, the counterfactual model predicts that temporary
jobs account for one-half to two-thirds of the employment inflows and for the large majority of
the employment inflows. The same is observed in data for France and Spain.’*

Figure 1 represents policy and distribution functions to interpret the model’s outcomes. For
conciseness, the figure focuses on the counterfactual economy with French-type institutions.
Panel a) plots the difference in the hiring surplus in a permanent contract and a temporary one,
across values of the realized match quality and the worker’s initial matching value. Specifically,

it represents

vp(vo,x) = vr(vo,x)
u’(wo(vo))

(1=-B)AS(vo,x) = (1= B)|{Ip(vp(v0,x),2,x) = J7 (vr (v, x),2,x) + (43)

over some values for the match quality x and feasible matching worker’s lifetime utility values
vo. In (43), vp(vg,x) and vy (vg, x) respectively denote the worker’s lifetime employment utility
value in a permanent and a temporary contract, conditional on drawing match quality x and
after prior agreement on a hiring rule delivering matching value v, to the worker (determined
according to (34) in equilibrium). The value of (43) measures the surplus difference between
the two contract types in equivalence terms of lifetime consumption annuities.

The figure shows that only matches in higher percentiles of the sampling distribution gen-
erate more surplus in a permanent contract. This is consistent with the fact that employment
inflows are largely dominated by temporary jobs. Panel b) shows simulated equilibrium dis-
tributions of the match quality conditional on the type of contract. The figure shows large
heterogeneity between permanent and temporary jobs, implying stark differences in separation

rates. The latter explains the large magnitude of the share of temporary jobs in employment

230ne caveat of this data-model comparison is that estimates from Givord and Wilner (2015) and Silva and
Véazquez-Grenno (2013) are based on frameworks distinguishing between unemployment and non-participation,
whereas the model ignores participation flows. Still, these estimates illustrate facts characterizing the compo-
sition of employment stocks and flows and allowing for gauging the empirical relevance of the model’s sorting
mechanisms.

24Cahuc et al. (2016), using spell administrative data find that temporary jobs account for 90% of employment
inflows in France and Spain in the 2000s.
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Table 4: Counterfactual labor-market stock and flows (non-targeted)

France Spain
Data Model Data Model

Transition rates (%)
Unem. to Emp. (UE
Emp. to Unem. (EU

8.43 11.75 5.32 10.79

)
) 1.09 1.19 076 1.69

Unem. to Perm. (UP) 1.83 1.71 0.41 1.48
Perm. to Unem. (PU) 0.33 0.62 0.15 0.83
Employment stock, temp. contracts (TC) share (%) 11.88 12.66 24.26 20.17
Unemployment to employment flows, TC share 73.18 85.44 92.29 86.24
Employment exit flows, TC share 53.93 54.31 67.36 60.58

Notes: select statistics for the counterfactual “French-type” and “Spanish-type” model economies (versus their
empirical counterparts). The transition probabilities are taken from Givord and Wilner (2015) for France (private
sector excluding self-employment) and Silva and Vazquez-Grenno (2013) for Spain. Monthly transition probabili-
ties for France are computed by applying the time-aggregation adjustment in Shimer (2012) to quarterly transition
probabilities in Givord and Wilner (2015). The empirical employment share of temporary jobs is computed from
steady-state stocks implied by empirical transition probabilities. Empirical employment exit flows are defined as

flows into unemployment and non-participation.

outflows. The model’s optimal sorting behavior implies that temporary jobs are low-surplus
“marginal” jobs accounting for the majority of employment flows, as seen in the data and the
model.

Lastly, the supplementary appendix presents exercises that decompose the differences in
outcomes between the U.S. baseline and the French and Spanish-type counterfactuals (Tables A.1
and A.2). Matching efficiency is the main contributor to U.S.-France unemployment differences
and employment protection (F) plays no role. In addition, the differences between France and
Spain in the share of temporary jobs are attributable to (i) the exogenous separation probability

o0 and (ii) the regulation on TC duration and renewal, ¢ (in order of importance).

3.3 Policy experiments

The employment effect of temporary contracts. The following revisits the widely studied
question of the consequences of labor-market reforms relaxing hiring restrictions on temporary
contracts in Europe in the post-oil-shock era. The experiment is an increase in the parameter

capturing the strictness of hiring restrictions on temporary contracts, ¢ € [0,1] in the model
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Figure 1: Equilibrium outcomes in the “French” counterfactual economy

Notes: equilibrium policy and distribution functions in the French-type calibrated economy. Panel a): hiring
surplus difference (equation (43)) vs. match-quality quantiles and the worker’s initial matching values, in terms
of the “target” hiring wage w (proposition 3). The dashed line represents the equilibrium level of the hiring
wage determined by condition (33). Panel b): Gaussian kernel density estimates (bandwidth 0.1) of simulated
equilibrium distributions and the sampling distribution log match quality g,. The vertical lines show hiring cutoffs

X, Xp, and £ of proposition 3. 27



economies with counterfactual, French and Spanish-type, institutions.

In equilibrium, a change in ¢ shifts employment inflows (the unemployment to employment
transition probability, or UE rate) through two main channels: a tightness (firms’ expected
profits and vacancy creation incentives changes) and a selection channel (firms adjust their
hiring decisions contingent on match-quality realizations). The latter selection channel depends
on the number of temporary jobs created in response to the reform (on top of the labor-market
tightness response) net of the number of temporary jobs substituted for permanent jobs, which
would have been formed regardless. These selection effects are inherent in the presence of
heterogeneity in match quality and, foremost, inherent in the model’s optimal sorting into
permanent and temporary jobs.

More formally, denote by A(¢g) = (1 - (f)o)[l - Gx(gT)] + ¢oGy(xp) the probability of hiring
conditional on a worker-firm contact, or match acceptance probability: Ay = p(6).A. Consider
two alternative regimes for the hiring regulation, indexed by ¢ and ¢, in [0,1). Then, from
(36), the associated difference in the UE rate can be approximated by (making explicit the

dependence on policy regimes)

X5, Aur(do) p(0(¢p)) -p(0(do))
p )

Aye(Py) —Aue(Po) = > =

)
(6(do)

(i) tightness

)Z%AUE(@)) G (£(¢g)) — Gx(x7 (o)) )Z%AUE(%) Gx(£(¢g)) — Gx(xp(¢0))
2 A(o) 2 A(o) ‘

(ii-a) temp. job creation (ii-b) perm. job substitution

+ (950 ~(#- o

(44)

The details are in the supplementary appendix. The difference in the UE rate can be decomposed
as follows. The first term (i) measures the contribution of the change in the labor-market
tightness and the associated contact probability p(6). The second and third terms give the
contribution of the above-mentioned selection channel. It consists of (ii-a) the change in the
proportion of matches forming a temporary contract net of (ii-b) the change in the proportion
of matches that would have been viable in a permanent contract and that are substituted, as a
result, by a temporary contract. In expression (44), is understood that summations are over the

two alternative policy regimes (¢, € {¢0,¢6}).25

2SFurther, the approximation comes from (x7 (o), xp(Po), £(¢o)) = (x1(Py), xp(¢p), £(¢y)), the hiring cutoffs
of proposition 3 are approximately equal across policy regimes. A change in ¢ has no direct equilibrium effect
on optimal hiring decisions conditional on match quality realizations. In contrast, such a change directly affects
the sorting of matches into permanent and temporary contracts, which is the result of policy decisions and the
probability ¢ (see (36)). A change in ¢ shifts the reservation wage through the labor market tightness, a second-
order, indirect equilibrium effect on the optimal hiring thresholds. A similar discussion applies to thresholds for

separation decisions conditional on the contract type (lemmas 1 and 2).
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In parallel, the magnitude of employment outflows responds to two main effects. First, there
is a shift in the equilibrium proportion of jobs subject to firing restrictions (i.e., permanent jobs),
which changes the probability of labor retention in response to idiosyncratic shocks. This is a
standard channel, operating in the canonical search-and-matching model. Second, and due to
endogenous sorting, there is a change in the employment-pool composition, as labor and jobs
optimally reallocate as a result of the reform. Formally, one can approximate the change in the
EU rate across policy regimes by

(i) retention policy change

Apy(¢g) = Apu(Po) = (”P(¢6) - nP((PO))ZJ, » )(gp(x';éo) —§T(X';¢;o))fl(x/)dx/
¢~0 x’eX (o
h

+(np5) =m0 (90) Y_ [ (n(x's o) = (5 50) )5 )
$o T7C

(ii-a) between-job reallocation

t—— J;lex(hp (x"5¢0) = hp(x'5¢0))3p(x")dx’

-b) permanent-job reallocation

(ii
. 1Y 5,np(do) J (e (x5 03 — b (x; o) &7 (x)dx . (45)
2 x'eX

(ii-c) temporary-job reallocation

Tildes indicate auxiliary objects derived from equilibrium variables (and their averages) across
policy regimes. See the supplementary appendix for the details. Component (i) measures the
contribution of the standard retention channel. The three other terms (ii-a to ii-c) measure the
role of reallocation. Component (ii-a) reflects the contribution of match reallocation between
permanent and temporary jobs, whereas (ii-b) and (ii-c) measures the contribution of the match

reallocation within these two distinct pools of employment.>®

The total reallocation effect gives
the contribution of the shift in the composition of the entire pool of employment and jobs.
The numerical implementation is as follows. I consider the model economies with French
and Spanish-type institutions. In these two economies, the hiring regulation parameter ¢, = 0.
There are no hiring restrictions on the type of contract, implying an equilibrium employment
share of temporary jobs equal to 12% and 20%. I then impose a counterfactual increase in
hiring restrictions to make these employment shares 5.5% as prevailing in Europe in the early

1980s, prior to the wave of reforms promoting temporary contracts (Faccini (2014)). This

261n the case of the decomposition based (45) as well, the approximation comes from assuming that policy
decisions (optimal separation decisions conditional on state variables) are approximately constant across policy

regimes.
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requires imposing ¢y = 0.55 in the French-type economy and ¢, = 0.72 in the Spanish. In
these economies, 45 and 28% of potential new matches, respectively, are allowed to choose the
contract type. I interpret the results as uncovering the causal effect of promoting temporary
contracts and present variations in outcomes associated with a shift from the more to the less
strict policy regime (from ¢y > 0 to ¢y = 0).

Table 5 shows the results for employment stocks and flows. A reform promoting tempo-
rary contracts does not generate employment gains. The effect, if anything, is positive in the
Spanish-type economy, where the unemployment rate increases by 0.4 percentage points. Both
employment inflows and outflows are higher. However, the magnitude of the changes in the
flows in and out of the permanent employment pool is disproportionate to the changes in the

aggregate, indicating substantial shifts in the composition of jobs.

Table 5: The employment effect of temporary contracts

French-type institutions Spanish-type institutions

No restrictions Pre-reform  No restrictions Pre-reform
¢o=0 ¢o =0.55 ¢po=20 ¢o=0.72

Unemp. rate (%) 9.21 9.22 13.54 13.16
TC emp. share 12.66 5.56 20.17 5.65
UE rate (%) 11.75 10.76 10.79 9.36
UP rate 1.71 6.27 1.48 6.79
EU rate (%) 1.19 1.09 1.69 1.42
PU rate 0.62 0.85 0.83 1.20

Notes: evaluation of the effect of temporary contracts on employment stocks and flows in the model economies with
French and Spanish-type institutions. The columns “No restrictions” present equilibrium outcomes (in percentage)
in economies without hiring restrictions on temporary contracts, i.e., ¢y = 0.“Pre-reforms” present outcomes
in economies with ¢y > 0, set to generate an employment share of temporary jobs equal to 5.5%, the average in

Continental Europe in the early 1980s (prior to reforms promoting temporary contracts, Faccini (2014)).

The decomposition based on (44) and (45) explores further these composition changes and
their link to the aggregate flows. The results are reported in Table 6. The table shows the
absolute values of components of (44) and (45), as well as their contribution to percentage-point
changes in the unemployment rate in response to the reform (see the supplementary appendix
for details). The following conclusions can be drawn. First, the channels inherent in the presence
of heterogeneity and endogenous sorting across job types represent the main quantitative effects.
The selection channel represents almost 90% of the total UE rate change in the two economies.

Similarly, the EU rate change is almost entirely explained by job reallocation effects. In contrast,
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the standard tightness and retention channels have low quantitative significance.

Table 6: Decomposition of the effect of temporary contracts on employment flows

French-type Spanish-type
Absolute Unem. change Absolute Unem. change

UE rate change (p.p.) 0.99 -0.74 1.43 -1.65
(i) tightness 0.11 -0.08 0.21 -0.24
(ii) selection 0.89 -0.66 1.22 -1.41
(ii-a) temp. job creation 5.50 -4.10 6.65 -7.66
(ii-b) perm. job substitution -4.55 3.39 -5.31 6.11
EU rate change (p.p.) 0.10 0.74 0.27 2.02
(i) retention 0.01 0.11 0.03 0.25
(ii) reallocation, total 0.08 0.62 0.22 1.67
(ii-a) between perm. and temp. jobs 0.30 2.22 0.55 4.10
(ii-b) within perm. jobs -0.21 -1.51 -0.33 -2.50
(ii-c) within temp. jobs -0.01 -0.10 0.01 0.07

Notes: decomposition of the effect of lowering the temporary-contract hiring restriction parameter ¢, on steady-
state equilibrium unemployment flows in counterfactual economies with “French” and “Spanish-type” institutions.
The decomposition is based on equations (44) and (45). The table reports changes in equilibrium outcomes implied
by a decline in the parameter ¢ from 0.54 (French) and 0.71 (Spanish) to 0. The second and third columns show
changes in the percentage-point value of components of (44) and (45). The third and fourth columns show the

percentage-point contribution of these components to the change in the unemployment rate.

Second, job-substitution flows are large, in the sense that these account for the large majority
of temporary-job creation associated with the reform (around 90% in both economies). In other
words, job substitution largely offsets job creation effects, mitigating the positive response of the
aggregate UE flows. Third, there are quantitatively large reallocation movements in response to
the reform. On the one hand, the distribution of permanent jobs shifts towards high-quality
matches due to the substitution effect, as reflected in the sharp relative drop in PU rates (Table
5). On the other hand, the entire employment pool shifts towards low-quality matches as
labor reallocates into temporary employment, resulting in higher employment outflows. As the
table shows, the associated unemployment variation is substantial: the labor reallocation effect
increases the unemployment rate by 0.6 points in the French case and 1.7 in the Spanish.

In conclusion, the model corroborates the view that the liberalization of temporary contracts
has been associated with crowding out of permanent employment without significant employ-

ment gains—as well as by the observation that unemployment has been persistently high in
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past decades in Europe despite numerous labor-market reforms spreading temporary jobs.
This model with optimal sorting allows for quantifying the importance of job substitution
and job creation flows, as opposed to standard models based on the MP framework. The model’s
endogenous substitution effect is key to rationalizing the empirical employment trends in
Europe: the large majority of flows into temporary jobs reflect the substitution of permanent
jobs rather than job creation. Moreover, the model’s endogenous composition changes due to

temporary contracts implies, as seen above, substantial increases in unemployment.?”

Welfare implications. I now turn to analyzing the implications of the model for the effect of
firing costs on welfare. The assumptions of risk aversion and limited commitment potentially
open an efficiency role for firing costs at the micro-matching level. How do these gains and costs
balance out in equilibrium and at the aggregate level? The following examines outcomes in the
benchmark (U.S.) calibrated model with different firing cost values F, assuming no regulation
on temporary jobs (¢pg = ¢ = 0).

Let 71(V,z,x) represent the lifetime annuity income with a present value equal to the em-
ployer’s lifetime profits in state (V,x,z). In addition, let ¢,(V) be the certainty equivalent
lifetime consumption of an employment contract providing utility V to a worker. Define ¢,
in the same way but for an unemployed worker (with equilibrium lifetime utility U). Let the
equilibrium averages of 7t and c, be respectively denoted by 7¢(F) and ¢,(F) when firing costs
are set to F > 0. These averages are taken over the relevant equilibrium distributions of match
states. In addition, consider the following social welfare function:

Ayp—9

W(F)=(1-u)(m(F)+7¢,(F)) 4+ uc,(F)—Oux— (1 -u)np 3

F, (46)

for F > 0. This is equal to the total consumption value of profits, employment contracts, and the
unemployment status net of firms’ hiring and firing costs (per time unit). This statistic comes
with the important caveat that it makes strong assumptions regarding the distribution of profits
and firing costs.”® As such, it should be complemented with an examination of the components
of this function in isolation.

The results are shown in Table 7, for firing costs equivalent to values from one to 12
months of the benchmark equilibrium wage. Firing costs affect total output through (i) the
productivity of labor and (ii) employment; high values of F have a significantly negative impact

on productivity, inducing substantial output losses. As an illustration, firing costs equal to

271t is important to note that these results regarding employment effects are positive in nature. There is no
efficiency ground in the model for regulating temporary jobs, as this would introduce extra constraints on the
agents’ contracting problem. The welfare analysis that follows addresses the model’s normative implications.
It shows that welfare gains to workers can be generated by firing costs precisely in the case where there is no

regulation on temporary contracts.
28Tt implicitly assumes that firing costs are non-distributed, a source of efficiency loss. Moreover, it assumes that

workers have no claim to firm ownership.
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Table 7: Baseline model outcomes under alternative firing-cost regimes (relative to F = 0, in %)

Firing costs/benchmark wage one month three months six months 12 months
Total output (% change) -0.01 0.01 -0.39 -1.51
Employment (% change) -0.14 -0.07 0.00 0.10
Labor productivity (% change) 0.14 0.08 -0.39 -1.61
Profits and labor costs (p.p. change)

Average profits -0.76 -0.26 -1.04 -2.06

Hiring costs/output 0.21 -0.02 -0.21 -0.43

Average log wage 0.33 0.16 0.84 0.76
Welfare (% change)

Unemployed workers, ¢, 0.04 0.09 0.15 0.22

All workers, ¢, 0.05 0.17 0.78 1.08

Social welfare, W(F) -0.93 -0.11 -0.02 -0.34

Notes: equilibrium outcomes associated with an increase in firing costs F in the benchmark, U.S., calibrated
economy, assuming no regulation on temporary jobs: ¢ = ¢ = 0. Firing costs are expressed in terms of the average
equilibrium wage in the benchmark economy. Outcomes are reported in difference to the benchmark. Profits
are measured in lifetime annuity income terms and workers’ welfare is measured in annuity certainty equivalent

consumption. The aggregate social welfare statistics W (F) is given by (46).

12 months of the benchmark average wage reduce output by 1.5% and productivity by 1.6%.
The lower productivity comes from a higher propensity of match retention in response to
idiosyncratic shocks. Yet, the average equilibrium wage is higher with F, reflecting better
insurance for workers from a lower propensity of wage cut. This insurance comes at the expense
of the average equilibrium profits, lower with firing costs.

In terms of welfare, both the employed and the unemployed workers are better off with
stricter employment protection. Firing costs equal six months of the benchmark equilibrium
wage increase the average expected lifetime utility value (in lifetime consumption equivalent)
of employed workers by 0.8% and of unemployed workers by 0.1%. Twelve-month firing costs
induce an increase of 1.1 and 0.2% respectively for these two groups. The social welfare function
(46) suggests aggregate welfare losses in the presence of firing costs: the negative effect on profits
outweighs the positive effects on worker’s welfare (with the caveats mentioned above).

The novel result is that the welfare of unemployed workers increases with firing costs.
These results are in contrast with standard models with complete markets, where firing costs

unambiguously reduce the welfare of unemployed workers. The quantitative analysis shows
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that firing costs are associated with potential welfare gains for both employed and unemployed

workers in the presence of risk aversion and limited commitment.

4 Conclusion

This paper builds an equilibrium model of a labor market with search frictions, idiosyncratic
productivity shocks, and dynamic employment contracts signed under limited commitment.
The agents in this model have access to a menu of contract types with different separation
costs, temporary and permanent contracts. In equilibrium, permanent and temporary jobs
coexist when the match-quality distribution is sufficiently dispersed in terms of its range. This
coexistence arises from the presence of limited commitment as friction impeding the provision
of insurance by employers to workers. Firing costs associated with permanent jobs mitigate
the commitment friction, but this comes at the cost of lower flexibility and costly separations.
This trade-off between commitment and flexibility explains the coexistence of contracts with
heterogeneous explicit job security rules, as seen in the so-called dual labor markets with a
strong divide between permanent and temporary jobs and, more generally, in OECD countries.

The model implies that firing costs are potentially associated with significant welfare gains in
favor of both employed and unemployed workers, in contrast to models with complete markets,
where employment protection makes the unemployed worse off. The following implications
for policy can be drawn. First, since profit losses due to firing costs are substantial, the social
desirability of employment protection in the presence of limited commitment depends on the
distribution of firm ownership across agents. Second, the welfare gains materialize when firing
costs effectively apply to high-quality matches. The welfare experiment assumes no restriction
on temporary contracts: this is the optimal sorting of matches into the different contract types
that generate welfare gains for workers. A policy design potentially implying a differentiated
treatment of matches based on their quality is one where firing costs increase with tenure since,
in equilibrium, high-quality matches have a higher survival probability. Consistent with this
conjecture, such tenure-based employment protection schemes prevail in many OECD countries.
To rationalize this pervasiveness, future work should analyze the optimal design of tenure-

dependent employment protection in the presence of limited commitment and heterogeneity.
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Supplementary Appendix

A Proofs

A.1 Proof of proposition 1

The following two lemmas present results that are required to characterizing a solution to
problem (5) as in proposition (1). Additional details on the contractual environment are useful.
Consider a worker-firm match starting at time ty > 0. For clarity, let f; = 0 and denote by op a
permanent contract (PC) starting at time 0. Recalling that by assumption, all matches start with
fixed productivity z; = z, denote by z' = (zg,zy,...,2;) an element of {zy} x Z', where Z' denotes
the t-fold product of the support Z of the stochastic output component z;, for all ¢t > 0. Each
z' is a (potential) history of the match-output stochastic component (or productivity shocks)
from time 0 to t > 0. Moreover, denote by (z71,z;) € {zy} x Z* the history from time 0 to ¢ that is
composed of the history z!~! followed by productivity z, at time t.

A permanent contract specifies a stopping time 0 < T < 40 and a contingency plan for

separation probabilities, which is a sequence of functions {st}tT:1 = {s1,...,s7} defined by

st 2 ({se ) x 2 — [8,1], (A1)
with

Z'{se)i)) = {(zt_l,zt) elzo)xZ' 1 27 e 2 ({s)2))) and s,(2) < 1}, (A.2)

=1 =1

for all 1 <t < T, and with initial value
s1:{zo} xZ — [0,1], (A.3)

and

Zl(sl):{(zo,zl)e{zo}xz : sl(zo,zl)<1}. (A.4)

Hence, Z'({s;}._;) C {zo} x Z' is the set of histories of the shock up to time ¢ such that the
probability of continuation up to this time is positive given the separation plan specified by the
contract. In other words, it is the set of possible histories conditional on the continuation of
the match up to time t > 0 given the previous actions specified by the separation plan of the
contract. A PC also sets a wage contingency plan

wi: 2 (fs.)_)) > Ry, (A.5)

=1

for0<t<T.



The employer’s expected lifetime discounted profits associated with a PC op  satisfies, at

time ¢ and history z' (treating as understood the functional dependence on match quality x)

7ZP,t(ZtJGP,O) =Xz — wt(zt) + ﬁEt{

T
S BT =Sy (7)) [(1 =50 (277 20)) (320~ wi (277 20)) + 50 (277 20) o)

T=t+1
+ﬁT~70—)?(P;0'P,o)} (A.6)

forall t,0 <t < T and z' € Z'. The term §(F;op,) denote the expected costs implied by the
separation rule of the contract that are due to firing costs. Moreover, E; denotes the expectation
conditional on history z! and t < T < T represents the random separation date implied by the
stopping time T and the separation plan that is part of the contract. In addition,

1=Spp(2°) =1L, (1 =50(2")) (A.7)
is the match continuation probability up to time 7 in history z*, conditional on continuation up
to time ¢, in history z'. In the above expressions, it is understood that z7 is a history with first ¢
elements equal to 2/, that is z¥ = (z%,z;, ¢, ...z).

The worker’s expected lifetime discounted utility in a PC op ¢ at time  and history z’ is

vpe(250m0) = u(w()) + ﬁEt{

Y B (=S () [ se(e ) (we (27 2)) 4 527 2z U]
T=t+1

+ﬁTU}, (A.8)

for all t € [0, T], and z € Z'.
To be feasible, a PC op( (and the associated separation plan) must be such that the fol-
lowing participation constraints are satisfied in all histories that can attained with non-zero

probabilities:

nP,t(Zt;UP,O) >Jo—-F (A.9)
vp(z'50p0) 2 U, (A.10)

for all t € [0, T] and all 2! € Z".

The following lemma characterizes a separation plan in an optimal contract. It characterizes
the set of shocks such that continuation is feasible and an optimal separation decision. It states
that optimal separation decisions follow a simple cutoff rule, such that a voluntary separation

occurs at time t > 0 if and only if z; < z, for some z;, € Z.

2



Lemma 4. (i) For all t > 0, the set of match-output stochastic components z; such that there exists a
feasible permanent contract is an interval Zp = [zp,z| C Z; (ii) in an optimal permanent contract, the

separation probability is
se(27z) =6+ (1-8)T(z < zp), (A.11)
forall t >0, z'7! € {zy} x th)_l, and all z, € Z.

Proof: Part (i). Consider a contract o, paying wage w;(z') = w(U) = ufl[(l -~ ﬁ)U] inall ¢, z'

with positive probability of continuation, and with separation rule specified by

oifrp,(z505) > Ty—F
t { pil(230p) 2 Jo (A.12)

1if mtp(z50p) < Ty - F,

for all t, z'. Moreover, notice that w(U) > b > 0 since in equilibrium U > u(b)/(1—-B). Therefore,
the contract o, is feasible: it has positive wage payments and delivers non-negative surplus
to the worker and the employer in all histories with continuation of the match; specifically, it
delivers to the worker lifetime utility equal to the unemployment value U in all histories.

The employer’s lifetime profits associated with contract o, can be recursively expressed as

1p,((271,21);0p) =
XZy _w(U) + [))(1 - 5)\[ maX{nP,t+1 ((Zt_l,zt,zt+1);gp), Jo _P}dGz(zt+llzt) + /))5'-70' (A-13)

Z

for all t, z'~1, and all z; € Z, where (z',z;,2,.1) denotes history z’ followed by shocks z; and z; ;.
Observing that 7p ,((z7},2,);0p) is independent of time t and of the particular realized history
z!~1, the lifetime profits associated with contract o, when the current productivity is z can be

written as
np(z0p) =xz—w(U) + p(1-9) J max{rp(2;0p), Jo — F}dG,(2|z) + po.Jy (A.14)

forallze Z.

Notice that to be feasible in a given state z € Z, the contract o, must satisfy np(z;0p) > Jy—F.
Using standard dynamic-programming arguments, it can be shown the functional equation
(A.14) has a unique solution, and that 7tp(.;0p) : Z — R is continuous and strictly increasing in
z.

As such, if tp(z;0p) = Jy — F for z = z, the same holds for any z € Z. In that case, zp = z and
Zp = Z: there exists a feasible PC for all z € Z. In the alternative case where np(z;0p) < Jy—F
for z = z, there is a unique cutoff z, > z solving 1p(zp;0p) = Jy — F, such that the profits satisfy
np(z;0p) = Jo— F if and only if z > zp. In this case, Zp = [zp,Z] is a strict subset of Z (with
zp > 2).



I now show that in the case where z, > z, there is no feasible PC in any state z such that z < z,.
Let z, >z, and consider a contract o, identical to o, except that it specifies s¢(z'71,2) < 1 for
some arbitrary t > 0, z'"! € {zg} x Z},, and z; € [zp — €,2p) N Z, and for some arbitrary number

e > 0. Such a contract is not feasible, since it has
t-1
mp((27,2:);0p) <Jo—F,

for these particular arbitrary ¢, z/™!, z,, and for any number ¢ > 0.
Suppose now that there exists a feasible contract o}, with the same separation rule as o5.

Since this contract is assumed feasible, it must have
(272 )500) 2 To—F > mp (27,2 )507), (A.15)

for the same ¢, z/71, z;. Moreover, gg must deliver to the worker a lifetime utility value at least
equal to that of unemployment, U.

The first inequality of the latter condition (A.15) means that o must have a different wage
plan and, therefore, must deliver a different expected consumption profile to the worker than
the non-feasible contract g};. However, since the worker is risk averse, it would be weakly be
more costly for the employer to deliver lifetime utility U with such a contract ¢}, than with o,
which has a constant worker’s consumption level w(U) across all continuation histories. As

such, we must have

mp (2702 );00) <mp (271, 20);00),

which contradicts (A.15). Since t, z;, and ¢ > 0 where chosen arbitrarily, the same holds for any
deviation from the cutoff separation rule associated with contract o,. Therefore, for all £ > 0,
there is no feasible PC for z; < zp.

Part (ii). Consider a feasible PC o}, , with the cutoff separation rule as in lemma 4. Consider an
alternative PC 6p o, similar to op  but with s¢(z') > 6 in some t > 0 and some z’ € {z} x tha. The

employer’s change in profits at t = 0 from deviating from o},  to 6p o satisfies

7tp,0(2056p,0) = 7p,0(2050p o)
oc (1=5,(2"))mp(256p0) 4+ 5¢(2) To + (5¢(2") = 8) (=F) = (1 = 8)1p (2" 05 4) — 0T
= —(s1(2") = 0) (mp(2550p9) = (Jo—F)) = (s:(2') =6)F <0,

where the equality of the third line follows from 7tp,(z';0p ) = 7p(2";6p) for 2 where
the deviation in the separation rule occurs (since by assumption, the contracts are identical
otherwise). The inequality follows from s,(z*) > 6 and from the fact that oy ; is feasible and,
therefore, satisfies (A.9). Moreover, the worker’s change in lifetime utility from the deviation

from op  to 6p g is

vp,0(20; 5p,0) — vp,0(2050p ) o< —(s¢(2") = 6) (vp e (2z'0p,4) —U) <0, (A.16)



where the inequality follows from the fact that o}, , is feasible and, therefore, satisfies (A.10).
Therefore, for any given feasible wage plan, any feasible separation plan that differs from the
one specified by o}, , leaves the employer and the worker worse off. The separation rule stated
in lemma 4 is optimal.

The next lemma characterizes the set of lifetime utility values that can be delivered to a

worker by a feasible PC when continuation is feasible.

Lemma 5. Forall t > 0 and all z; > zp, the set of expected lifetime utility values that can be delivered
to the worker by a feasible PC at time t, in state z; is a closed and bounded interval Vp = [U,Vp(z;)],
Vp(z;) 2 U (independent of the history leading to z;). Moreover, vp(z;) = U for z; = zp, and vp(z;)

is strictly increasing with z; for z; > zp, forall t > 0

Proof. Consider a permanent contract o p(z;) with an efficient cutoff separation rule as specified
in lemma 4. Let this contract pay wage wp(z;) at time t and state z; > z, independently of the

history leading to z;, where wp : Zp — IR, is defined by

mp,((2'7,2);5p(2)) = i

zZ

xz—wp(z)+ B(1-9) J maX(TCP,t+1 ((z71,2,2));5p(2)), Jp —P)dGZ(z'lz)

Zp

+ B(1-0)G:(zplz) (Jo—F) + Bo(=F), (A.17)
with
np((271,2);0p(2)) = Jo - F, (A.18)

for any t > 0, z/"! € {zp} x Z5!, and z > zp. Finally, let Gp(z;) have a wage plan satisfying the

wage updating rule
we (27 20) = minfwe (271, wp (o), (A.19)

forallT>t,2z"!,and all z, > Zp.

In words: a voluntary separation occurs if and only if z < zp; the contract has a constant
wage across time until the employer’s participation constraint binds, in which case it is adjusted
downward; the wage payment in state z;, given by (A.17), is such that the firm’s lifetime profits
are equal to its outside option. Note that this wage dynamics is consistent with the efficient wage
updating rule in long-term contracts under limited commitment as characterized by Thomas
and Worrall (1988) and Thomas and Worrall (2007).

Such a PC op(z;) leaves the worker with lifetime utility

VP,t((Zt_lfzt)JEPth)) = u(wp(z))
+p(1-9) J-Z vP,t((zt_liZtlzt—l—l);EP(Zt))dGz(zt—l—l|Zt) + ﬁ[é +(1- 5)Gz(2p|zt)]U~ (A.20)

Zp



for all ¢ and (z'7!,z,). Using the wage updating rule (A.19), we have that the lifetime utility

value (A.20) is independent of t and z'~!. Specifically, we can write

VP,t((Zt_l'Zt)}EP(Zt)) =Vp(z), (A.21)

where Vp : Zp — R is defined by

z

Vp(2) = u(Wp(2)) + (1 - 5)[ min {vp(2), 7p(2)}dG.(212) + B[ + (1-6)G.(zpl2) U,

Zp

(A.22)

for all z> z;,, with wp defined by (A.17). It can be shown using standard arguments that the
functional equation (A.22) has a unique solution.

Moreover, since the employer’s profits are strictly increasing in z;, we have that wp(z;) >
w(U) =u"'[(1-pB)U] for all z; > zp, due to the fact that w(U) is the constant wage such that
the employer’s surplus is null in state z,. This implies that Vp(z;) > U because the period utility
function u is strictly increasing in consumption. Also, a contract 5p(z;) leaves, by construction,
the employer better off in any history with continuation of the match. It follows that the PC
0p(z;), delivering lifetime utility ¥p(z,) in any state z; > zp, is feasible. Moreover, since the
period utility function u is continuous and strictly increasing in consumption, it is clear that
any lifetime utility level v € [U,Vp(z;)] can be delivered by a feasible contract.

It remains to show that there is no feasible PC that can deliver v > Vp(z;) in any state z; > z,,.
Consider a PC G(z;) identical to op(z;) except that it has an additional wage payment of
an amount ¢ > 0 in an arbitrary history z* € {zy} x Z; with 7 > t. Since, by construction of

=1 2,);5(2;)) = Jy — F in this specific z,,

contract 7 (z;), we have that the profits satisfy mp ;((z
this additional payment, must be compensated by a negative variation in the wage payment in
another history 27 € {zp) x ZIE', T’ > t. Denote by ¢’ > 0 the absolute value of this variation.

The employer’s change in expected lifetime profits associated with deviating from 6p(z;) to

—/

0p(z;) at time t > 0, state z; is
[B(1-5)(1-AG(2p))]" " (2%Iz,) (=€) + [B(1 = 8)(1 = AG(zp))]" Mo (z" |z1)e’,  (A.23)

where I, (z%|z;) denotes the probability of reaching history z* at time t conditional on state z;

at t. To be feasible, this change in profits must be non-negative, i.e., it must satisfy

7

e >T (252" e, (A.24)

where

(2"12)

(2) = [p1-0)(1-AG(z)]™ o

(A.25)



The worker’s change in lifetime utility from the same deviation is

(1= 6) (1= AG(zp))] ™ ree (27lz0) [t (we (%) + €) — u(we (7))
~[B(1=8) (1= AG(zp))] " 1o (27 ) [t (we (27) — &) — u(wer (7))
< [B(1=8)(1 = AG(zp))]™ " reg (27|20) 1 (we (27) + ) — 10wy ()]
~[B(1=8)(1 = AG(2p))]” e (2% 20) [t (wer(2™) ~ (2%, 2% )e) — (wo(27)
= h(e), (A.26)

where the inequality follows from the feasibility condition (A.24). Note that h(0) = 0. Moreover,

d};(;) o u'(wT(zT) + 6) _ u’(wT(zT) —F(ZT,ZT,)E)- (A.27)

Two cases can be distinguished, depending on the value of 7’.

Case 1: Suppose that v/ > . Then, we must have w,(z") > w, (z"), since the wage is
decreasing over time in contract 6p(z;), due to updating rule (A.19). Then, the right-hand side
of equation (A.27) is negative due to I'(z%,z% )e > 0 and the strict concavity of u. In this case,
h(e) <0 for all € > 0: any € > 0 leaves the worker worse-off.

Case 2: Now, suppose 7’ < 7, implying that w,(z") < w,(z" ). There are two possible sub-
cases, depending on the nature of the latter inequality. Case 2.1: we have w,(z7) = w,(z7).
The RHS of (A.27) is negative, due to u” < 0. Then, h(¢) <0 for all ¢ > 0: as in case 1, any € > 0
leaves the worker worse-off.

Case 2.2: w,(z%) <w, (2" ). However, note that a such wage profile implies that the partici-
pation constraints of the employer must be binding between time 7’ and 7 in the initial contract
0p(z;), consistent with the wage updating rule (A.19). That is, it must bind in some history
27" with v’ < t” < 7. However, with 7/ < 77 < t and ¢ > 0, the contract '(z) is strictly more
costly to the employer in any history z° than the initial contract 5(z;), when considering the

forward-looking profits expected at time t”. Therefore, we should have

T(P’TN(ZT }E(Zt)) = jo —-F> T(p,Tu(ZT }5/(213)).

This implies that 5'(z,) with deviation occurring at time 7’ < 7 and in history z* does not satisfy
the employer’s participation constraint in that history and, therefore, is not feasible.

Therefore, in state z; > zp, there is no feasible deviation from contract o (z;) yielding to the
worker an expected lifetime utility value strictly higher than Vp(z). This implies that the set of
feasible utility values in state z; > z;, is an interval [U,Vp(z)], for all ¢ > 0.

Finally, the fact that vp(zp) = U follows from 7p(zp;0p) = Jy — F (recall that g, is the
constant-wage contract paying w(U), which delivers lifetime utility U to the worker in all

histories such that the match continues). The fact that vp is strictly increasing with z is due to



the fact that the profit function 7p ; is strictly increasing with z;, and so is the constrained wage

function wp, defined by (A.17), and on which depends the function vp.

Lemma 6. (i) There exists a unique solution Jp to the functional equation (5); (ii) for any z € Zp,

Jp(.,z) is strictly decreasing, strictly concave, and continuously differentiable.
Part (i). Let
Qp :{(V,z) eVxZp:Ve [U,vp(z)]}, (A.28)

and consider the function Tp ] : Qp — R defined by

TpJ(V,z) = max xz—wp—i—/i(l—é)J (J(vp(2),2") = (Jo - F))dG.(2|2)

{WP,(VP(Z/))Z/EZP}GFP(V,Z) Zp

+BlJo—(1-0)F] (A.29)

forze Zp and V € Vp(z) = [U,vp(2)], where

u(wp) + B(1 —5>f<vp<z'> UG, (k) + pU = V

Zp

vp(2') € [U,vp(2')], 2’ = zp }, (A.30)

for all z> Zp, V € Vp(z) and for a function ] : Qp — R, . From lemmas 4 and 5, an optimal
contract yields profits that are the value of a function Jp : Qp — R, satisfying Tp Jp = Jp, that is
Jp is a fixed point of the operator Tp defined by (A.29).

Let B(Qp) denotes the set of bounded real-valued functions with domain Qp, equipped with
the sup-norm metric. Observe that | € B(Qp) implies that Tp] € B(Qp). Indeed, we must have
that wp > 0 according to conditions associated with (A.30). Moreover, using constraint (8), we
have that

wp(V,z) =u {V-p(1- 5)J (vp(z) - U)dG,(2l2) - pU} (A.31)
< u_l{V—ﬁU}, (A.32)

for all z>zp, V € Vp(z), since we must have vp(z’) > U for all z’ > z, from (A.30). Hence, Tp]
is bounded and Tp defines an operator mapping the space B(Qp) into itself.

Moreover, the operator Tp satisfies the sufficient Blackwell’s conditions for being a contrac-
tion in B(Qp). First, the monotonicity condition is satisfied. Take J,J" € B(Qp), with ] <]’ for



all (V,z) € Qp. Let @ and ¥ be maximizers to the RHS of (A.29) evaluated at ], and @’ and # be
maximizers for J'. We have:
Tp]'(V,2) = xz—w'(V,z) + B(1-9) Lz(]'(v'(z'),z’) ~(Jo-F))dG.(2lz) + B[Jo— (1 - 5)F]
>x2-0(V,) 4 4(1-0) [ (10(E),7) - (o~ F)JG.(12) + Bld - (1-9)F
>xz-w(V,z)+ p(1-9) r(](v(z’),z’) -(Jo —F))dGz(z’Iz) + B[JTo = (1= 68)F]

Zp

- TP](Vl Z);

for all z > zp, V € Vp(z), where the weak inequality of the second line comes from that @’ and 7’
are optimal for /" and from that w and v are feasible since these are maximizers for J. The strict
inequality of the third line comes from J" > J.

Moreover, Tp satisfies the discounting condition. Recall that g € (0,1). Taking any a > 0, we

have

To(J(V,2)+a) = max xz—wp+ B(1-5) j [mp(z'),z') - (Jo —P)]dcz<z'|z>

{wp,(vp (z,))z’ng}erP(V'z)
+ﬁwo—<1—6>ﬂ+ﬁ<1—a>f ag.(|2)dz

Zp
= Tp] (V,2) + B(1-06)[1 - G.(zpl2)a
<Tp](V,z) + Ba (A.33)
for all z, V and all J € B(Qp). It follows that the operator Tp has a unique fixed point Jp = TpJp

solution to the Bellman equation (5) in the complete metric space B(Qp).

Part (ii). The fact that Jp is strictly decreasing in V follows from the fact that the period utility
function u is strictly increasing combined with the equality constraint (8). Moreover, Jp strictly
concave follows from the strict concavity of u.

I now show that Jp is continuously differentiable. Take any z > z, and let the function
W :Qp — R be defined by

W(V'z)=xz-w(V',V,z)+ B(1-9) Jz []p(ﬁp(V,z,z’),z') — (% —F)ldGZ(z’lz)
+ B[Jo— (1 -0)F] (A.34)
with

w(V',V,z) = u_l{V'—/} J-Z(ﬁp(V,z,z') - U)dG,(Z'|z) —/SU}, (A.35)



for z > z,, V € [U,vp(z)]|, where ¥p denotes maximizers of the RHS of (5). For z > z, and
V € (U,vp(z)), there is a neighborhood of V in (U,Vp(z)) denoted by N (V) such that for any
V' € N(V), the actions w(V’,V,z) and 7p(V,z,.) are feasible but not necessarily optimal. It
follows that

W(V',z)<J(V',z), (A.36)

forz>zp, V' e N(V), with W(V’,z) =](V’,z) if V' = V. From Benveniste and Scheinkman
(1979), since the function Jp(.,z) is concave, it is differentiable at V € (U,v(z)) with

M__{

L u’[V—ﬂ(l—6)Jz(v}(z’)—U)dG(z’Iz)—ﬁU]}_, (A.37)

Zp
which is continuous due to the fact that the period utility function u is continuously differen-
tiable.

Optimality conditions. Using lemmas 4 and 5, problem (5) can be written as

z

Jp(V,z) = max xz—wP—i—ﬁ(l—é)J l]p(yp(z’)lz/)_(jO+F)ldGZ(Z’|z)
{wPf(VP(Z/))z’ng} Zp
+ B[To— (1-6)F] (A.38)
such that

wp = 0 (A39)
ulwp) +$(1-0) [ (1p(2) - UG+ pU =V (A40)
vp(z')-U >0, for;’ >2zp (A.41)
Vvp(z')—vp(2') 20, for 2’ > zp, (A.42)

for z>z, and V € Vp(z), where vp(2’) solves
Jp(vp(2'),2") = Jo—F,

for z’ > zp. In addition, define wp(z") = wp(Vp(2’),2’). Notice that these variables vp and wp are

equivalent to those defined by (A.17) and (A.22). Recall that wp is strictly increasing in z over

zp,Z].

Recall from the above discussion (proof of lemma 4 that the contract o, paying constant
wage w(U) whenever continuation is feasible is a contract delivering efficiently lifetime utility
equal to the unemployment value U to the worker. Notice from this discussion that the wage
w(U) is the lowest wage that is paid in an optimal contract, since the worker’s utility is strictly

increasing in consumption: any PC delivering lifetime utility V > U must have wage payments

10



that are weakly greater than w(U) in all histories. Moreover, remember that this wage has
w(U) =u"'((1-B)U)>b> 0. As such, the following focuses on a solution with w, > 0 ((A.39)
slack).

Denote by v, p,(2’), pe(2z) the Lagrange multipliers associated with constraints (A.40) to

(A.42). The necessary conditions for a solution to (5) are

1—yu’(wp) =0 (A.43)
0 ’ , ’ ) ,

]P(Vgg,z) eyt ) - p(2) = 0 (A.44)
po(2)(vp(2) - U) =0 (A.45)
He(2)(Vp(2') — vp(2)) = 0 (A.46)
Vs Hw(Z), pe(2) 20, (A.47)

for z>zp, V €V,(z), and 2’ > z,. Moreover, by the envelope theorem, we have:

a]p(V,Z)__
av_

for z>zp, V €V,(z). The FOC’s (A.43) and (A.44) and the envelope condition (A.48) imply

(A.48)

1 1 , ,
p(p(),7)) Wy T MEI T A

for all z’ > zp, where wp(vp(2’),2’) denotes the optimal next-period wage associated with

next-period state z’ and with the worker’s continuation lifetime utility value vp(z’).

First, notice that p,(z") > 0 and p.(z") > 0 imply that vp(z’) = Vp(z’) = U, which holds
if and only if z’ = z, (see lemma 5). Therefore, wp(vp(z’),z") = w(U) for z’ = z,. Moreover,
for 2’ > zp, py,(2’) > 0 and p,.(z’) = 0 implies, from (A.45), that vp(z’) = U, and therefore,
wp(vp(2’),z") = w(U). However, from (A.49), and from the strict concavity of u, this also
implies that wp < w(U), contradicting that w(U) is the lowest wage in an optimal PC.

Hence, for z’ >z, we must have p,(z’) > 0 and p,,(z") = 0. This implies, from (A.49) and
from u” <0, wp(V,z) <wp(vp(z’),2’) for all 2’ > z,. If wp(vp(2'),2") <wp(V,z), then we must
have, from (A.49) that p,(z") > 0. From (A.46), this means that v,(z’) = v,(2z’). Therefore, by
definition, wp(vp(2’),2") = wp(z’) = wp(vp(2’),2’). In addition, if wp(V,z) = wp(vp(2),2’),
ue(z’) =0, and vp(z’) <Vp(2’), implying that wp(vp(2'),2") <wp(2’).

Hence, given any current state (V,z), the next-period wage is

wP(VP(Z/);Z’) _ {wP(V’Z) if wP(V'Z) < wP(Z,) (ASO)

wp(2) otherwise,
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for z’ > zp. This is consistent with the wage updating rule in proposition 1. Finally, observe that,

since productivity shocks are i.i.d., the continuation value satisfies, given current state (V,z)
vp(2') =Z(wp(V,z) <wp(2)))V +I(wp(V,z) >wp(z'))vp(z')
=I(V <vp(2)V +I(V>vp())vp(2)
=min(V,vp(2z))

for z’ > zp: due to i.i.d. shocks, the worker’s continuation is equal to the worker’s promised

value if the wage stays constant, and is independent of z’. Therefore, the wage function solves
z
wp(V,z) = u‘l{V -B(1- a)lf min(V,vp(2"))dG,(z|z) + Gz(gplz)Ul — /SéU}
Zp

_ u—l{v _p(1- 5)[(1 _)V+ Afmin(v,vp(z'))dc(z') + /\G(gP)Ul _ ﬁéU},
—wp(V), i (A51)

for all z>zp, and V € Vp(z), where the second line follows from the definition of G,(.|z). The

wage function is independent of z, as stated in proposition 1. ]

A.2 Proof of proposition 2

Denote by or o a temporary contract (TC) signed at time ¢ = 0. This specifies: a stopping time
0 < T < 400, separation probabilities st ;(z') and s, ;(z") (contingent on whether the exogenous
duration restrictions are slack or binding, see subsection 2.1), a wage payment, w(z'), and an
expected lifetime utility value that is delivered to the worker conditional on a conversion of the
TC into a PC, vc(zt), for all t > 0 and all histories z! such that the probability of continuation
up to t is positive. Denote by 77 ;(z'; 07 o) the expected lifetime profits at time ¢, history z' of
TC o7, and by vy (z';07 ) the worker’s expected lifetime utility value. A feasible TC (and the

associated separation plan) satisfies

nr(2'5070) 2 Jo

vr(2h0r0) 2 U, (A.52)
conditional on continuation into the TC, and

v.(z) > U
t

Ip(ve(z' ™ 2),20) = T (A.53)

conditional on conversion into a PC, for all time f > 0, and all histories z! where continuation

up to time t has positive probability given the separation plan in that contract. Notice that the

12



latter feasibility constraint is expressed in terms of the stationary recursive PC profit function
Jp (depending on current z; only).
The following lemmas characterize the state space of a feasible TC (and an optimal separation

plan).

Lemma 7. (i) For all t > 0, the set of values of z; such that a conversion of a TC into a permanent
contract is feasible is an interval Z, = [z,,z] C Z. In an optimal TC, the probability of separation

satisfies, in cases where the exogenous duration restriction binds:
ser(z27h2) =64+ (1-8)I(z<z,), (A.54)

for all t, z'=1 such that the probability of continuation is positive up to time t and for all z, € Z. (ii)
The set of continuation lifetime utility values that can be delivered to the worker conditional on a
conversion of the TC into a PC at time t, in state z; is an interval V,(z) = [U,v.(z)], for all t > 0 and

all z, > z,.

Proof: Part (i). To be feasible, conversion of a TC into a PC in history (z7!,z;) must be such that
the participation constraints (A.53) are satisfied. Since Jp is strictly decreasing in the worker’s
lifetime utility value (lemma 6) and strictly increasing the current productivity, there exists a

=1 2,) satisfying these two constraints in state z, if and only if Jp(U,z,) > J, for this

value v ;(z
z;. Therefore, by the continuity of Jp, there is a cutoff z. > z such that conversion is feasible if
and only if z > z_, and Z, = [z,,Z|. Specifically, this cutoff is z, = z if Jp(U,z) > Jp, and it solves
Jp(U,z,.) = Jy otherwise.

Note that since z,, (the separation cutoff in z, for the permanent contract) satisfies Jp(U,zp) =
Jo—F for Jp(U,z) > Jy — F, we must have z, < z.. This implies that z. € Zp, so that z,, defined
as the unique solution to Jp(U,z) = J, is well defined (i.e., such a solution exists).

Lastly, observe that setting sclt(zt_l,zt) > ¢ for any z; > z. could not be optimal since there
exists V > U such that Jp(V,z;) > J, for such z;, that is, there exists a value V such that the

surplus of the worker and the employer after conversion into a PC is non-negative.

Part (ii). From the property of the profit function Jp, the maximum lifetime utility value that
can be delivered to the worker conditional on a conversion of the TC into a PC in state z> z,
denoted by v.(z), solves Jp(v.(z),z) = Jy. Note that the maximum feasible value conditional
on continuation in a PC solves Jp(Vp(z),z) = Jy — F, which implies that vp(z) > V.(z) and

V.(z) € Vp(z) for all z > z_: a solution Jp(v.(z)) = Jy exists and is unique.

Lemma 8. (i) For all t > 0, the set of values of z; such that a continuation of the TC is feasible is an

interval Zp = [z7,z| C Z. (ii) We have z7 < z.. (iii) In an optimal TC, the optimal separation is
stz z) =64+ (1-8)I(z <z7), (A.55)
for all t, z'=1 such that the continuation probability up to time t is positive, and for all z,.
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Proof. Part (i). As in lemma 4, consider a constant-wage contract o paying w(U) whenever
continuation into a TC or conversion into a PC is feasible, and delivering lifetime utility U to

the worker in all histories. The associated employer’s lifetime profits are

nr (27 2);00) = nr(2507)
=xz;—w(U)

+B(1-0)(1-¢) szaX{TCT(thrl}gT)ljO}dGz(Zt+1|Zt)

+B(1-06)¢ JZ]P(U'Zt+1)dGz(zt+l lz:) + o+ (1 -0)9G.(2.I2:)] To,
) (A.56)

for all z;, and which is independent of time ¢ and of the history leading to state z,. Since o
delivers lifetime utility U to the worker, it requires nT(zt;gT) > Jp to be feasible in a given state
z;. Once again (similarly to the proof of lemma 4), by the worker’s risk aversion, there exists
a feasible contract in state z; if only if the constant-wage contract o is feasible in that state.
Therefore, observing that 77 ,(.;0 1) is continuous and strictly increasing in z;, there exists a
cutoff z; € Z such that g is feasible in state z; if and only if z; > z;, and Z1 = [z;,7Z].

Part (ii). Due to F > 0 and since the constant-wage contracts o and o, pay the same wage
equal to u™'[(1 - B)U], we have that nr(z;01) > 7p(z;0p) for all z. This implies that z; <z,
since these satisfy ntr(zp;01) = mp(z50p) = Jp-

Part (iii). The fact that the stated TC separation rule is optimal follows from the same
reasoning as in the proof of lemma 4: separations are inefficient whenever continuation leaves

the worker and the employer with a non-negative surplus.

Lemma 9. Assume that the set of values such that a temporary contract exists for z> zr, is a closed
and bounded interval Vr(z) = [U,vr(z)]. (i) There exists a unique value function ] solution to the
Bellman equation (12). (ii) For any z > zr, the function Jr(.,z) is strictly decreasing, strictly concave,

and continuously differentiable.
Proof. Part (i). Let Qr = {(V,z) eEVxZr:Ve [U,?T(z)]}, and let

TrJ(V,z) = max xz-wr
5‘TEFT(V,Z)

+p(1-0) [ [1-0)02(),2) + 91 (ve(),2) - TG (=)

Zc

+p(1-6)(1- ¢>f J(vr(2),2) ~ To)dG,(22) + BT (A.57)

Zr

14



where

r = {le (vr (Z,))Z'ZZT’ (VC(Z/))Z’ZZC}' (A.58)

and

FT(V,Z) = {5]" twr 2> 0

) +5(1-5) [ [1-9)r() + velz) - UG (')

Z

+/3(1—6)(1—¢)J (vr(2)~U)dG,(]2) + U=V (A.59)

Zr
vr(2') € [U,v7(2")], forall 2’ > z; (A.60)
ve(2") € [U,v.(2')], forall 2’ > z, } (A.61)

for all (V,z) € Qr and for J : Q7 — R. Let B(Q 1) denote the space of bounded real-valued
function defined on Q 7, endowed with the sup-norm metric. Observe that ] € B(Q ) implies
that TrJ € B(Q ) since Jp is bounded. Therefore, Tr is an operator mapping B(Q ) into itself.
A solution to (12) must be a fixed point to this operator.

Observe that Tr : B(Q7) — B(Q7) satisfies the sufficient Blackwell conditions. Once again,
letting J” > ] implies that Tr ]’ > Tr ], so that the monotonicity condition is satisfied. Moreover,
taking any a > 0, we have

z

Tr(J+a) = Tr] (V,2)+ B1-0) [ (1= $)2( > zp)ag. e}z

z

<TrJ(V,z)+ Ba. (A.62)

Hence, the discounting condition is satisfied. Therefore, Tr has a unique fixed point in B(Q7),
equal to J1 defined by (12).

Part (ii). Jt is strictly decreasing and strictly concave from the properties of the period utility
function u, the properties of the PC profit function Jp, and from the equality constraint (14). Jr
is continuously differentiable from the fact that the period utility function u is continuously
differentiable. O

Optimality conditions. From lemmas 7 and 8, problem (12) can be expressed as

Jr(V,z) = max xz—-wr
0~'TEFT(V,Z)

+B(1-5) jz[u @) (vr(2),2) + Ip (ve(2),7) - Fo|4G. ()

Zc

+B(1-8)(1 - cp)f Ur(v(2),2) - To)dG,(I2) + BT (A.63)

Zr
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such that

() +5(1-5) [ [(1-)v () +9we(z) - UG

L B(1-8)(1-) jE(VT(z') _U)G,(2]2) + pU =V (A.64)
ve(2')-U=20, forz’ >z, (A.65)
Ve(z')-v.(2') >0, forz’ > z, (A.66)
vr(z')-U 20, forz’ >z (A.67)
vr(z')-vp(2') 20, for 2’ > z; (A.68)

for z > z;, V € Vr(z). Attach multiplier y > 0 to constraint (A.64); attach p,, (z’) > 0 and
pe(2') = 0 to (A.65) and (A.66); finally, attach p,, 7(z") > and p, 7(z") > 0 to (A.67) and (A.68).

We have the first-order conditions:

ajp(vé(\j b2) + Y+ pu,e(2) —pec(2) =0, for 2’ > z, (A.70)
ajT(VS\(/Z V) Y+ b, (2) = e, (2) =0, for 2’ 2 2, (A.71)

with the complementary slackness conditions

() (ve(2)-U) =0 (A.72)
He,c (Z/)(Vc (Z/) - Vc(z/)) =0, (A.73)
for z’ >z, and
po,1(2)(vr(2') -U) =0 (A.74)
per(2)(vVr(2) —vr(2')) =0, (A.75)
for z’ > z;. The envelope theorem implies
a]T(V, Z) _
—ov -V, (A.76)

forall ze Z7, V € Vr(z). Using FOC (A.70) and (A.71), the complementary slackness conditions
(A.72) to (A.75), and the envelope theorem, and following the same lines of argument as in the

proof of proposition A.1, we have the wage updating rule:
wr(vp(2')),2") = min(wr ('), wr(V,2)) (A.77)
for z’ > z;, which specifies the wage conditional on continuation in a TC, and that

wp(vp(2),2) = min(w,(z), wr(V,z)) (A.78)
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for z’ > z_, which specifies the wage conditional on continuation after conversion into a PC, with
the constrained wage satisfying
wr(z') =wr(vy(2),2'), for 2/ > z;
we(z') =wp(v.(2))), forz’ >z, (A.79)
and where
Jr(vr(2),2) = Jo, for 2’ > z;

Jp(ve(2),2') = Ty, for 2’ > z_. (A.80)

A.3 Proof of lemma 1

The following uses the properties of the optimal permanent and temporary contracts to recast
the initial profit functions (5) and (12) in terms of auxiliary functions depending on the current
wage payment instead of the promised lifetime utility. Specifically, consider a match in an
optimal PC paying current wage w, with given current productivity z > z,. Following the
optimal separation and wage updating rules in proposition 1, the employer in this match

receives expected lifetime discounted profits given by

Jp(w,z) =xz-w+ B(1 —6)[(1 - VJp(w,z) + /\J.Zmax(fp(w,z’),jo —P)dG(z’)] + B8 Ty,

(A.81)

for all w > w(U) =u~'((1-p)U) and z > z,. Similarly, the employer’s profits in an optimal TC
is, following proposition 2,

Jr(w.z) =xz—w+p(1-8)(1-¢)[(1 - V)] (w,2) + Ajzmax(]}(w,z'),jo)dc(z')]

+B(1-8)p[(1 - V) max(Jp(w,2), Jo) + /\J;Zmax(fp(w,z'),jo)dG(z')]

forall w > w(U) and all z > z;.

The policy functions for optimal separations and wage updating in a PC and a TC can
be characterized using these auxiliary profit functions. Consider match quality x such that
Jp(w(U),z) < Jp—F and Jr(w(U),z) < J, (recall that z is the lower bound of the stochastic
productivity support Z). The separation cutoffs zp,zy, and z, satisfy, in terms of Jp and Jr

Jp(w(U),zp) + F = Ty
Jr(w(U),zr) = Jo
Je(w(U),z) = Jo: (A.83)
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separation occurs after productivity shocks low enough so that a constant-wage contract deliv-
ering to the worker lifetime value equal to that of unemployment U yields negative surplus
to the employer (see subsection A.1 and A.2). In the case where x is high in the sense that
Jp(w(U),z) > Jo, zp = z; similarly, we could have, for some high x, that z; = zorz, = z.
Similarly, the cutoffs for optimal wage updating, {wp(z) : z > zp}, {wr(z) : z > 24}, and

{We(z) : z > z,} solve, in terms of the auxiliary profit functions Jp and J7:

fp(wp(z),z) +F =y, forz>z,
Jr(wr(z),z) = Jy, for z > z7
Jp(We(2),2) = Ty, forz> 2. (A.84)

In words, these wage cutoffs are such that the employer’s participation constraint binds in the
relevant state.
Consider now the following remark related to the effect of firing costs F on the auxiliary

profit functions.
Remark 1. (i) If F = 0, Jp(w,z) = J7(w, 2) for all ,z. (ii) Moreover:

d(Jp(w,z) + F)
JF

>0 (A.85)

and

S afT(a),z) S afp(a),Z)

0>—2F JF

(A.86)

forall o >w(U),and all z€ Z.

Point (i) follows from the fact that a PC and TC are identical when firing costs are zero, and
point (ii) follows from standard dynamic programming arguments. Notice that the auxiliary
functions Jp and J as defined by (A.81) and (A.82) can be computed over the entire support
of the stochastic component, Z (hence the fact that the remark is expressed for all ze Z). As a

result of point (i) and (ii), when F > 0, we have
Jp(w,z) + F>Jr(w,z) > Jp(w,2), (A.87)

for all w,z. This, combined with conditions (A.83), implies that z, < z; < z, for match quality x
low enough (which holds with weak inequalities for all values of x). Combined with conditions

(A.84), this implies that wp(z) > wr(z) for z > z; and wp(z) > w,(z) for z > z... O

A.4 Proof of lemma 2

Consider the wage as a function of the promised expected lifetime value of the worker, wp

(proposition 1) defined by (A.51). Consider the auxiliary function Vp(.,z) : [w(U),wp(z)] > R

18



be defined by Vp(w,z) = wp' (w), for z > zp. This represents the expected lifetime utility value
received by a worker in an optimal PC with current wage w implied by the associated wage
updating and separation rule (as a function of this w). Let Vr(.,z) = w}}z, with w}}z the inverse
of the TC wage function wr(.,z) (proposition 2), represents the same value function, but for a
worker in an optimal TC.

We have, in the case of a PC, and following proposition 1:

z

Vp(w,2) = u(w)+ p(1 - 5)[(1 ~ ) Vp(w,z) + /\J min(Vp(w,z'),vp(z'))dc(z')l

Zp

-l-ﬁ[é-l—(l—é)/\G(gp)l U, (A.88)

for all w > w(U) and all z > zp, where

vp(z) = Vp(wp(2),2), (A.89)

for z > zp, is the worker’s lifetime utility in an optimal PC paying the (constrained) wage wp(z)
associated with the employer’s participation constraint in state z > zp.

Moreover, in the case of a TC, and following proposition 2:
Pr(02) = () + $(1-8)(1 = )| (1= )Vr(w,2) + 4 (x> 2 )min Pp(,2)7:(2)

(1 —m[(l ~9) [ min(7r(0,2),71()d6() +q>fmin(vp<w,z'>,vc<z'>>de<z'>]

o+ (1-9)](1-D9T(z <2+ 2((1 - 9)6ler) + 46 ]| U, (A.90)
for all w,z, where

vr(z) = Vr(wr(z),z) for z >z (A.91)

V(z) = Vp(w,(z),z) for z > z,, (A.92)

which represents the worker’s lifetime utility associated with constrained wages wr(z) and

w,(z).
Consider the following remark related to the properties of the auxiliary value functions Vp
and V.

Remark 2. Let F> 0. (i) For o =w(U) =u ' ((1-B)U), Vp(w,z) = Vr(w,z) = U for all z > z.
(ii) Moreover:

an(a),Z) S QVT(w,z)
dw dow

(A.93)
forall w>w(U) and all z > zy.
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Point (i) says that the worker receives the lifetime value of unemployment U in an optimal
contract (PC or TC) paying constant wage w(U) = u~!((1 - )U), and so is indifferent between

the two contract types. Point (ii) follows from:

oVp(w,z)  u'(w)
do  1-pPp(w) (A.94)
oVr(w,z) u'(w)
dw  1-pPr(w,z)’ (A.95)
for all z> z;, where
Pp(w) = (1-0)(1-1) + M1 -G(@p' (w))), (A.96)

where w5 represents the inverse of the cutoff wage updating function wp : [zp,z] — R (propo-
sition 1); as such, Pp(w) is the probability that the match continues and that the wage stays
constant in the next period given a PC paying wage w (independent of z due to i.i.d. shocks).
Moreover,

Pr(s) = (- (1-2(1-6) +4(:3 wi ()

+A[(1-¢)(1-G(wr' (@) + (1~ G(wc_l(w)))]}, (A.97)

where W' and w;' are the inverse of the wage updating functions wr and w, (proposition 2);
this represents the same probability than the former equation, but in the case of a TC. Since, from
lemma 1, with F > 0, wy(z) <wp(z) for z > z; (with both function being strictly increasing), it
follows that w7 (w) > wp! (w). Similarly, ;! (w) > wp! (w). Hence, as a consequence of lemma
L,

Pp(w) > Pr(w,z), (A.98)

and dVp(w,z)/dw > dVr(w,z)/dw for all w > w(U) and all z > z.
Now, define p(w,z) as

Vp(w,z) = Vr(w+p(w,2),2), (A.99)

for all w > w(U) and z > z;. This is the wage difference such that the worker is indifferent
between an optimal PC paying w and an optimal TC paying w + p(w,z). We have, from the
above remark that p(w(U),z) = 0 and that p is strictly increasing in w. Finally, notice, from the
definition of Vp and V7, that

wr(V,2) —wp(V) = p(wp(V),2),

for z > z; and V € Vr(z) N Vp(z). Hence, from the properties of the function p, wr(U,z) =
wp(U) =w(U). O
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A.5 Proof of proposition 3

This subsection treats the dependence of the model variables on match quality x as explicit.

Part (i). Recall from subsections A.1 and A.2 that ntp(z,x;0p) and ny(z,x;07) denote the
profits in a PC and a TC, respectively, associated with contracts paying constant wage w(U) =
u—1((1-B)U) and with efficient separation plans. These contracts deliver to the worker lifetime
value equal to the value of unemployment U (the worker’s outside option). Such a contract is
denoted o, in the case of a PC and o in the case of a TC.

According to subsection A.1, there exists a feasible PC in a given state (z,x) if p(z,x;0p) >
Jo, that is if contract o, leaves the employer with positive surplus (recall that z is the value
of the stochastic term z for a new match, by assumption). Now, notice that 7tp(z,x;0p,) <0
for x = 0 (due to b > 0, implying that u~*((1 - g)U) > 0 since U > b/(1 - B) in equilibrium).
Therefore, 7p(z,0;0p) < Jp since Jy > 0.

Letting the upper bound of the support of match quality X, X, be high enough, and since
7p(.;0p) is continuous and strictly increasing in x, there is a unique match quality value
xp solving mp(xp,z;0p) = Jp. Hiring in a PC is feasible if and only if x > x,. Similarly,
there is a unique match-quality value x; solving 7 (z,xp;07) = Jy, such that hiring in a
TC is feasible if and only if x > x;. Moreover, with positive firing costs F > 0, we have that
7p(z,x;0p) < Tr(zZ,x;0p) for all x > 0, which implies that x, > x;.

In addition, since for any x > x there exists a feasible (permanent or temporary) contract
leaving the employer and the worker with positive surplus, an optimal hiring rule must be such
that hiring occurs with probability one for any x > x (i.e., hp(x) + hr(x) = 1 for x > x7). As

such, constraint (19) can be written as

Vo=(1=00) [ vr()aGu )+ [ [rolwele) + (1= o)) ()]G ()
+ (1= §0)Gilr) + doGi(xp) | U, (A.100)

for Vy € V,, with vp and vt such that (23) and (24) are satisfied and with hp(x) € [¢g,1] for
x > xp. Therefore, the highest initial lifetime utility value V{ that can be delivered to the worker

by a feasible hiring rule, denoted by V| is given by

Vo=(1- <Po)lfp vr(x)dGy(x) + L:maX(Vp(x’)ﬁT(x’))de(x’)]

=T

%jxvp(x')dc;x(x') +[(1=¢0)Gexr) + $0Gu(xp) | U, (A-101)

where Vp(x) > U and v7(x) > U denote the maximum feasible values upon hiring in a PC and
a TC with match quality x, solving Jp(Vp(x),z,x) = Jy (for x > xp) and Jr (V7 (x),z,x) = Ty

(x > x7). Since all participation constraints of the employer are binding for such a value
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V, and since the associated employer’s profits functions Jp and Jr yields, by definition, the
profits associated with optimal contracts, there exists no feasible hiring rule that can deliver
Vi > V. Moreover, since Vp(x) > U or v (x) > U and since Jp and Jr are strictly decreasing

and continuous in V, any V € [U,VO] is feasible.

Part (ii). From part (i), problem (18) can be expressed as

Xp
J(Vy) = max 1= j Jr(vr(x)),2,x)dG,(x
( 0) {(vr (X)) ’>XT( p(x),hp(x')) '>XP ( 4)0) . T( T( ) ) ( )

J[hp )Jp(vp(x),2,x") + (1= hp(x)) 7 (ve (x),2,%") |[dGy (x
+ [#0Ga(xp) + (1= o) Gulxr) | T (A.102)

such that (A.100) is satisfied and such that

(1=hp(x))(hp(x") = o), for x" > x (A.103)
hp(x")(vp(x")=U) >0, for x’ > x,, (A.104)
(1=hp(x"))(vy(x")=U) >0, for x’ > x; (A.105)
hp(x")(Ve(z,x") —vp(x’)) = 0, for x’ > xp (A.106)
(1=hp(x")(vr(z,x") —vr(x")) 20, for x" > xp, (A.107)
for all V; € [U, V], where V.(z,x’) and V(Z,x’) satisfy
Jp(ve(2,%),2,x) = Ty (A.108)
Jr(vr(z,x),2,x) = T, (A.109)

for x > xp and x > xp, respectively. Attach non-negative multiplier y to (A.100) and attach

non-negative &(x”), up ,(x), prw(x"), ppo(x’), and pr.(x") to (A.103)-(A.107), respectively.
The necessary conditions for an optimum are

Ap(x") + &(x")(1 + ¢pog—2hp(x’)) =0, for x" > xp (A.110)

Up(vp(+),%,x) + (y + ppw(x’) = pp(x")) =0, for x” > xp and hp(x’) >0 (A.111)
dvp(x’) ' '

9Jr(vr (), Z,x’)

+(y+purw(x)—pre(x’)) =0, forx’ >xpand 1 —hp(x’) >0,  (A.112)

dvr(x’)

where

Ap(x) = Jp(vp(x),2,x) = J1 (v (x),Z,x) + ¥(vp(x) = v (x)) (A.113)
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for x > xp, which represents the marginal value of increasing the probability of hiring into a PC.

The complementary slackness conditions are:

E(x")(1=hp(x’))(hp(x) = ¢9) = 0, for x> x, ( )
ppw (X )hp(x") (vp(x') = U) =0, for x> x, ( )
Ut (X)) (1 =hp(x"))(vr(x")-U) =0, for x" > x; (A.116)
X' )hp(x") (Vp(x") —=vp(x)) = 0, for x" > x, ( )
X')(1=hp(x")) (v (x) —vr(x')) = 0, for x" > x7. ( )

Hp, e(
I/‘T,e(
From the envelope theorem combined with conditions (A.111) and (A.112) (see subsections A.1
and A.2), we have that

— 7\ _ ’ f ’s ’
w (wp(vp(x'),x")) Y+ #pw(x’) = ppe(x’), for x" > xp and hp(x’) >0

1
_ o Y, for x' > d1-hp(x')>0, A.119
u’(wT(vT(x’),E,x’)) )4 +ﬂT,w(x ) ,uP,E(x ) or x X7 an P(x ) ( )

where wp(vp(x’),x”) and wr(vr(x’),z,x") denote the wage payment associated with hiring in a
PC and in a TC, respectively. Following the same reasoning as in the proof of proposition 1 (see

subsection A.1), we have the following rules for setting the hiring wage

wp(vp(x'),x ):mm(wo(Vo) w.(2,x")), for x> xp

,x') = in(wo(Vo),wT (E,x’)), for x" > x;, (A.120)

where, again, w.(z,x") and wr(z,x’) solve the relevant participation constraints for the employer;
wo(Vp) is a “target” wage obtained using constraint (A.100) as seen below.

I now analyze an optimal hiring rule hp(x’), x” > xp, which determines the choice between a
PC and a TC. Consider the following lemma, relating the marginal value of hiring into a PC,

Ap(x’), to the choice of hp(x’) at the optimum.

Lemma 10. For any x" > xp, if Ap(x") > 0, hp(x’) = 1 is optimal; if Ap(x") <0, hp(x") = ¢ is

optimal.

Proof: If Ap(x") >0, then &(x”) > 0, and hp(x”) > (1 + ¢¢)/2 from FOC (A.110). However, the
two latter strict inequalities require that hp(x’) = 1 to satisfy the complementary slackness
condition (A.114). Following the same reasoning but reversing the inequalities, Ap(x’) < 0
requires that hp(x’) = ¢¢. Finally, for Ap(x’) = 0, any hp(x’) € [¢g, 1] is admissible regarding
conditions (A.110) and (A.114). Therefore, hp(x’) =1 for Ap(x’) > 0 is an admissible solution.

The next lemma characterizes the behavior of the marginal value of hiring in a PC as a

function of the match quality, Ap.
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Lemma 11. Let F > 0. We have that: (i) Ap (gp) < 0; (ii) for X high enough, there exists a value of
x > xp, denoted %, such that Ap(x) > 0 for all x > %; (iii) If % exists, Ap is continuous and strictly

increasing in x over [xp,%); otherwise, Ap is continuous and strictly increasing over [xp,X)|.

Proof: As a preliminary step, notice that the marginal value of hiring in a PC can be written as

Ap(x) = Sp(x) = Sr(x), (A.121)

for all x > xp, where
Sp(x) =Jp(vp(x),z,x) - T+ v(vp(x) - U) (A.122)
Sr(x) =Jr(vr(x),2,x) = Jo + ¥ (vr(x) - U), (A.123)

represent the joint match surplus of hiring in a PC and a TC (in consumption units), respectively.
Let the dependence of the problem’s variables on the initial worker’s lifetime utility V, be
understood.
In addition, using the envelope theorem, we have that
dSp(x)  dJp(V,z,x) 0v.(z,x)

dx Ox -t pep(X) =" (A.124)
V=vp(x)

with v.(z, x) satisfying (A.108). Intuitively, a higher match quality increases the surplus through
higher output (the first additive term), and through relaxing the constraint on hiring values
(and the hiring wages) that can be feasibly delivered to the worker (the second term). Using
FOC (A.119) and the wage rule (A.120), and from implicit differentiation of (A.108), we have,

for the permanent-contract hiring surplus:

ISp(x) _u (WP(/VP(X);X)) y Ip(V,Z,x) , for x 2 xp. (A.125)
dx u’(wo) 0x V=vp(x)
Similarly, for a temporary contract, the hiring surplus has:
St (x) _u (WT(TT(x)}ZlX)) o dIr(V,z,x) , for x > x7. (A.126)
Jx ' (wp) R .

Part (i). By definition of the above defined hiring cutoffs x, and x;, we have, in terms of the

above surplus functions

Sp(xp) =0 (A.127)
Srlxy) = 0. (A.128)

Recalling that x, > x1 for F > 0, and due to St strictly increasing with x (see (A.126)), it follows
that Sp(xp) >0 =Sp(xp), and Ap(x) <0 for x = xp.
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Part (ii). For X high enough and since Jp is strictly increasing in x, there exists a value ¥ <x
such that Jp(U,z,x) > Jy for all z € Z and for all x > %. For such values x > %, it is clear from
(A.81) that there are no costs associated with F in a permanent contract: separation are never
optimal as the surplus remains positive in all states. In such a case, since firing costs increase
the commitment ability of the employer, allowing the provision of extra wage stability to the
worker, it is clear that a permanent contract is weakly preferred to a temporary one, providing,

therefore, higher hiring surplus: Ap(x) > 0 for x > %.

Part (iii). Let Zp(x) > zp(x) represent the stochastic-productivity cutoff such that the em-
ployer’s participation constraint binds in a continuing PC when z’ < Zp(x), given the hiring
wage wp(vp(x),x). Formally, Zp(x) = wp, (wp(vp(x),x)), where W;}x represents the inverse of
the cutoff updating wage function (see proposition 1 and subsection A.4), evaluated at match
quality x, wp(.,x) : [zp(x),z] » R,. Define Zr(x) > z;(x) in a similar way, but for a TC.

The derivative of the employer’s lifetime profits in an optimal PC with respect to match

quality x satisfies

8]p(V,Z,x)
ox

:[1—/3(1—6)(1—/\)]_1><{E+ pUL-0)A J

1 —ﬁ(l _6)(1 - /\GZ(ZP(‘X))) Zp(x) Z/dGZ(Z/)}.

(A.129)

V=vp(x)

On the other hand, in the case of an optimal TC, the derivative of the employer’s lifetime profits

w.r.t. match quality x has upper bound given by

Jr(V,z,x _ B 181 / /
T(ax ) . <[1-p(1-8)(1-1)] 1x{z+ 1—/5(1—5)((1—262(@(@))LT<x>ZdGZ(Z)}'
(A.130)
for x > xr.

To compare (A.129) and (A.130), remember that wp(z,x) > wr(z,x) for all z > z,(x), and
all x > xp (lemma 1). Moreover, we must have, from (A.120) that wp(vp(x),x) < wr(vr(x),x)
since, from (A.86), w.(z,x) < wr(z,x): the wage is lower in a PC due to tighter (hiring-stage)
participation constraints.

Assume that X exists. Then, Zp(x) < Zr(x) for all x € [xp,X): the probability of a wage cut or a
separation is strictly lower in a PC than in a TC on the interval. The latter is true conditional on
a given wage (lemma 1), implying it holds also in the case under study since, as discussed above,
the hiring wage is lower in a PC.?? In addition, if ¥ does not exist, then the strict inequality
holds for all x € [xp,X]. It follows that

ANp(V,2,x) _ A1 (V,5x)
ox ox ’

21n contrast, if x > &, separations are never optimal, and there are wage values such that a wage cut never occurs

(A.131)

in both contracts: Zp(x) = Zr(x) = z for some x.
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which holds for x € [xp, %) if X exists and for x € [x,X] otherwise.
In addition, we have that the ratio of marginal utilities appearing in expression (A.125) and

(A.126) satisfy, from the hiring-wage rule

w(wp(vp(x),x))  w[min(wo(Vo), @ (z,%))]

wlwo) (o) (#4132
w (w(vr(x).Z.x u/'| min(wy (Vy), wr(z,x
( Ti(Tu(}O; ) _ #|mint z((uo}())) rl ))], (A.133)

for x > xp. Therefore, since w.(x,z) <wr(x,z) (condition (A.86)), and from the strict concavity
of the period utility function, the ratio of marginal utilities appearing in (A.125) is greater than
the one in (A.126) over [xp,X]. This, combined with (A.131), implies

dSp(x) S dSt(x)
dx ox '

(A.134)

for x € [xp, %) if X exists and for x € [xp,X] otherwise. Therefore, Ap is strictly increasing over
the relevant interval, as stated in the lemma.
The following result follows from the properties of Ap(x). It provides a characterization of

the choice between a PC and a TC upon hiring in terms of a cutoff rule associated with x.

Corollary 1. (of lemma 11) For X high enough, there is a unique £ > xp such that hp(x) =1 for
x> % and hp(x) = ¢¢ for x € [xp,R) is optimal: when the employer is exogenously allowed to choose
between a permanent and a temporary contract, hiring in a PC is optimal for x > £ and hiring in a TC

is optimal for x € [xp,%).

From the latter result, we have that hiring in a PC occurs in two distinct cases.

Case (i): choosing a TC is not allowed (which is the case with probability ¢), and the surplus
in a PC Sp(x) is non-negative. Since Sp(x) > 0 for x > xp, hiring in a PC occurs if x > x.

Case (ii): choosing a TC is allowed (which is the case with probability 1 — ¢,), and the
marginal value Ap(x) is non-negative. Assume that ¥ exists. Since Ap is continuous in x and has
Ap(xp) <0, Ap(x) > 0 for all x > %, and is strictly increasing over [xp, %), there is a unique cutoff
% € (xp, x| such that Ap(x) <0 for x < £ and Ap(x) > 0 otherwise. If ¥ does not exist but X is high
enough, there is, by the properties of Ap, a unique cutoff £ similarly defined.

From the discussion for cases (i) and (ii), hiring in a PC occurs with probability ¢q[1 —
Gy(xp)]+(1=¢o)[1-G,(%)], and hiring in a TC occurs with probability (1-¢g)[G, (%) -G, (x7)],
as stated in the proposition. In cases where X is such that Ap(x) < 0 for all x > x,, let £ =X,

[

implying that the probability of hiring in a PC is zero.
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A.6 Proof of lemma 3

Following proposition 3, the profit function [ and the associated “target” hiring wage wq(V})
and PC hiring cutoff £(V), solution to problem (18) satisfy:

T Vo) =
2(Vo) ¥
(1- %)Ux Ur(vr(x'),2,%) — To)dGy(x) +j Up(vp(x'),5') ~ )Gy (x)

2(Vo)

x

+¢OJ (Jp(vp(x'),2,x") = Jp)dG,(x") + Ty, (A.135)
Xp

for all V,, €V, where: (i) xp, and x represent the reservation cutoffs for hiring in a PC and a

TC (proposition 3), solving Jp(xp,z, U) = Jy and Jr(x7,z, U) = Jp; (ii) the hiring continuation

values, vp(x), x > xp and vy (x), x > x; satisfy the set of conditions:

2(Vo) ¥
Vo= (1 —¢o>[ [ orwr-viee)+ [ e -viee)

2(Vo)

+ o fxwp(x') _U)dG(x) + pU, (A.136)

=P
which follows from constraint (A.100), and
vp(x) = min(vl*)(x),Vp(x,Z) ), for x > xp
vr(x) :min(v*T(x),VT(x,Z)), for x > xr, (A.137)

where v} (x) and v} (x) represent “unconstrained” hiring continuation lifetime utility values

delivered to the worker, prevailing when the relevant participation constraints are slack:

wp(vp(x),x) = wo(Vy), for x > xp

*

wr(vy(x),2,x) = wo(Vy), for x > xp (A.138)

with wp and wr the wage functions in a PC and a TC (see proposition 1 and subsection A.2).

Moreover, Vp(x,Zz) and V1 (x,z) are the “constrained” continuation values, solving:

]p(VP(X,Z),Z,X) = jo, for x > Xp
Jr(vr(x,2),2,x) = Ty, for x > xp; (A.139)
(iii) the cutoff for hiring into a PC when choosing a TC is allowed, £(V;)) solves
Ap(£(V0)) =0, (A140)

where Ap is defined by (A.113); using FOC’s (A.110) and (A.119), this is equivalent to

ve(£(Vo)) = vr(£(Vo))
’ )

Io (vp (£(Ve)) 2:2(V)) = Jr (vr (2(Ve) ), B 2( Vo)) + 22 8 i

=0. (A.141)
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To see that 7 (V) = J,, recall that V is defined by (A.101), implying that vp(x) = Vp(x) for
x > xp and v7(x) = V7 (x) for x > x; for Vy = V. This, together with (A.135) and (A.139),
implies that 7(Vy) = .

To show that the profit function 7 is strictly decreasing, strictly concave, and continuously
differentiable, apply the envelope theorem to its associated constrained maximization problem

to compute the derivative of this function, satisfying:

1
u’(wo(Vo))
for all Vi € Vy, which follows from FOC’s (A.111) and (A.119). Since wy is a continuous function
of V| (following conditions (A.136) and (A.137)), this shows that the profit function 7 is strictly
decreasing and continuously differentiable. Moreover, we have the second derivative
(Vo) = d“;()‘(/vo) ”/:(WO(VO))

o u(wo(Vo))

T (Vo) = - <0, (A.142)

<0, (A.143)

for Vjy €V, where the strict inequality follows from the fact that wy is strictly increasing with

Vo and from the strict concavity of the period utility function u. N

B Steady-state equilibrium distributions

The steady-state match quality density in the pool of permanent jobs, denoted hp ,, satisfies in
equilibrium
(1—¢0)I(XZXA(VO))+(¢)0 u g (X)

O+ (1-0)AG,(zp(x)) (1-u)np*

(1= )1 - Hy (2, (x)})] 4+ Al1 - G (z,(x))] n
T1=o) 70 =3)16.G ) M40

hP,x(x) = p(@)

for x > xp (hp ,(x) = 0 otherwise), where hry , is the match quality density in the pool of
temporary jobs, satisfying

_ p(6)(1-o) u
5+ (1-8)[¢+ (1= $)AG (27 (x))| (1 —u)n

hT,x(x) Tgx(x)' (B'l)

for x; <x <%(Vjy) (hr x(x) = 0 otherwise). In addition, Hr (.|x) is the cumulative distribution

function of z conditional on match quality x, in the pool of temporary contracts, which satisfies:

1, forz=1z2
(191 - $)A[6(2) - Gl () _
B = S -9 -G g o2 ()2 (52
0 otherwise,

for all x > x.
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C Decomposition of the employment effect of temporary con-

tracts

Consider a value for the parameter for the strictness of the hiring regulation on temporary
contracts ¢y € [0,1). In equilibrium, the transition rates between unemployment (U) and

employment (E) satisfy:

Aue(o) = p(O(60))(1 —%)[1 _ Gx@T(cpo))] " %[1 - Gx@p(cpo))] )

Ary(do) = ”P(‘PO)J " )gp(x/}fl)o)hp(x/ﬂl)o)dxur (1 _”P((PO))J- ” )gT(X’@o)hT(x/i(Po)dx

= np(¢o)Apu(Po) + (1 -np(¢po))Aru(do), (C.2)

where Apy and Ary represent employment separation rates (into U) from permanent and
temporary jobs, respectively. For the discussion that follows, the dependence of equilibrium
variables on the policy parameter ¢ € [0,1) is treated as explicit in the notation.

Consider an alternative policy regime indexed by ¢, € [0,1). The following identity is useful.
Let some variables x(¢), x(¢g) be such that x(dg) = p(Po) x z(g) > 0, for ¢g € {Po, Ppy}. Then,

()~ () = ((85) () LELTZOO | (50) o)) HOLER )

Observe now that (C.1) can be written as:

Aye(¢o) =p(6 (‘Po))[( (xp(¢o)))+(1—CPO)(Gx(f(CPo))—Gx(ET(%)))
- (1 )G 60) - Gulxp () c4)

Using identity (C.3), the difference in (C.1) across policy regimes can be written as,

Z'~€ 0.9 A p ’
A8~ Ao (o) = =22 60y p0(p0))

L uclgo9y) PO (Do)

+ ; (A(bp) - Albo)), (C.5)

where A = (1-Gy(xp))+ (1-§p)(Gx(%) - Gy(x7)) — (1= p0)(Gx(%) - Gy (xp))- In addition, with
the approximation {ET((pO),gP(cj)o), 2 (o )} { r(94),x (4) ) (cj)o)} in hands, we have that

A= Algo) = =P 20 T - er )|+ 252 Y 6,500 - Gulont o) |
bo $o
(C.6)
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where the summation is taken over {¢g, ¢,}. Combine with (C.5) and rearrange to get (44) in
the main text.

Turning now to the EU rate difference across policy regimes, one can write, based on (C.2):

g0 (Apu (o) _ATU((l;O))
2

Aru(¢o) = Apu(Po) = (np(Po) —np(Po))

+ Z'qs%l)(qm))(/\p[]((ﬁ()) _APU((PO))
) 1_Z(ﬁ‘)znp(q)O)(ATU((P(’))—ATU((PO))' (C.7)

for two policy regimes ¢, ¢, € [0,1). It is useful to define Xp(Po) = {x € X|x > xp(¢y)}, i-e.,
Xp(¢g) represents the support of the equilibrium match-quality distribution conditional on
a permanent contract, in policy regime ¢y. Define Xr(¢,) similarly, but conditional on a
temporary contract (and the associated hiring cutoff x1(¢)). Finally, let X(do) = Xp(Po) N
Xr(¢o)-

Based on (C.2), we have the following expression for the difference in the PU transition rate

across policy regimes:

Apy (o) —Apu(do) = j (hP(x/;(P(/))gP(x’;(P(,)) - hP(x/J%)?P(X,;(Po))dX’

x€Xp(do)NXp(dg)

+j hp<x';¢a>sp<x’;¢a>dx'—f o (s o) sp (s bo )
xeXp(py)\Xp(Po x€Xp(Po)\Xp ()

use (C.3) and rearrange to get

, o ) sp(x5¢5) +5p(x; )
APU((PO)_APU((PO):J. (7o (x/300) = hp (x5 0) ) p(x'5 o) > pl (PO)dx
xeXp(¢po)NXp(Py)
g N = hp(x5dq) + hp(x'; ,
JxeXp(o)NXp(¢g)
a
+ (hp(x"5¢0) —hp(x'5¢0))sp (x5 Pg)dx’
JxeXp(py)\Xp(Po)
a
+ (hp(x";0) —hp(X'5¢0))sp(xsPo)dx’, (C.8)
JxeXp(Po)\Xp(y)

which comes from (C.3) and from hp(.;$o) = 0 outside of its support. In the case where
sp(x;¢4) = sp(x;¢¢) for x € Xp(do) N Xp(¢), one can write

Apu($o) = Apu(do) = f (hp(x50) = hp(x50))8p (x")dx’, (C.9)

xeX
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where

(Sp(x;o) +5p(x3¢0)) /2,  for x € Xp(do) N Xp(y)

5 (x) = sp(x;P0), for x € Xp(o) \ Xp(¢hg)
sp(%:¢p), for x € Xp(¢y) \ Xp(¢o)
0 otherwise.

Similarly, one can write for the difference in the TU transition rate:

Atu(dg) = Aru(do) = Lx(hT(x':d)é) —hr(x50))37(x")dx’, (C.10)

where §7 is similarly defined, but with respect to the pool of temporary employment (and the

associated policy functions).
Moreover, we have that the difference between transition rates PU and TU satisfies

Apy(do) = Aru(do) = J ( p(x’ éo)hp(x’iéo)—ST(x/Jéo)hT(xliéo))dx/

eX(¢
j sp(x;Po)hp (X' o) dx’
xe€Xp(Po)\X1 (o)

—J ~ st (x5 o) hr (x5 o) dx
xeXt(Po)\Xp (o)
for ¢g € {¢g, py}. Making use of (C.3) again, we have that
- - " , - , - hp(x;h0) +hr(x; ¢ ,
Apy (o) = Ary (o) = . (SP(x;(PO)_ST(x;(PO)) P25 Po) 2 al (PO)dx
JxeX (o)
8 , , = wsp(x5do) +s7 (x5 ,
b (oo - o) PP E ST 0D0)
JXEX((PO)
r
+ (e ho) = hr (x5 o) Jsp (s o) dx’
JxeXp(do)\X1 (o)
+ ) ) hP(X,NPo)—hT(X'Jéo))ST(X';%)dX'
JxeXr(Po)\Xp (o)

for ¢ € {¢0,d(} This can be more conveniently written as

Apy (o) = Ary(do) = Je

(sp(x3Bo) =s7(x3 o) J(x's o)’

X(¢o)
+J. X(hp(x’iqgo) —hr (%3 o) 5(xs Po)dx’, (C.11)
where

(5p(x;0) +57(x5p0)) /2,  for x € X (o)
o |se(u ), for x € Xp(do) \ X1 (o)
5(x;¢0) = . z x

st(x;¢0), for x € X1 (o) \ Xp (o)

0 otherwise,
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and

fl(x;([)o) _ hP(x’;(j;O) "'Z‘hT(x’;(j;O)’ xe X(ng);

for ¢ € {0, Py} Insert (C.9), (C.10), and (C.11) into (C.7) to get (45) in the main text.
Finally, the steady-state equilibrium unemployment rate in policy regime ¢ satisfies

Ay (do)

ulbo) = Apu(do) + Aue(do) (€12)

The difference in the unemployment rate across regimes can be written as
u(pg) —u(do) = (C.13)
l( AEU (¢0) Ay () Agy (o) ~ Agy (o) )
2\Aru(9)) + Aue(dy)  Aru(@)) + Aue(do)  Apu(dbo) +Aur(dy)  Apu(do) +Aur(do)
N l( Agpu(9g) Ay (o) Ay (¢o) _ Ay (o) )

2\ Apu(9g) + Aue(dg)  Aru(do) +Aup(d)  Apu(dg) +Aue(do)  Apu(do) +Aue(do) )

(C.14)

The term of the first line of the RHS measures the contribution of the UE rate change to
the change in the unemployment rate across regimes, in percentage points. The second line
measures the contribution of the EU rate. Table 6 uses the latter to quantify the contribution of

components in (44) and (45) to the unemployment rate change through the UE rate and the EU
rate.
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D Additional results

D.1 Cross-country outcomes: France vs. the U.S.

Table A.1: Decomposition of differences between the French-type and U.S. benchmark economies

Total A 0 b F

Reference param. value (U.S.) 0.60 0.0024 0.38 0
Comparison param. (France) 0.30 0.0008 0.50 1.37
Param. difference -0.30 -0.0016  0.12 1.37
Unem. rate (pp. difference) 3.57 -7.82 493 0.63 3.62
Transition rates (pp. difference)

UE -21.77 -4.55 -21.25 -12.51 -21.63

EU -0.81 -0.33 -0.29  -1.08 -0.78

Notes: decomposition of differences in aggregate equilibrium outcomes between the “French-type” and U.S.
baseline model economies. The first column reports the total difference in equilibrium outcomes between the
French-type economy and the U.S. benchmark. The subsequent columns report the difference in outcomes after
counterfactually imposing a given parameter in the U.S. baseline to be equal to its counterpart in the French
economy, i.e., a measure of the total difference in equilibrium outcomes attributable to this parameter. The
parameters under focus are the matching efficiency A , the exogenous probability of separation o, the non-work
income level b, and firing costs F. The first row indicates parameter values in the baseline (U.S.) economy, taken as
reference point. The third row indicates the difference in parameter values between the baseline and French model
economies.
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D.2 Cross-country outcomes: France vs. Spain

Table A.2: Decomposition of differences between the French and Spanish-type economies

Total o b F ¢

Reference param. value (French) 0.0008 0.50 1.37 0.045
Comparison param. (Spanish) 0.0019 0.53 1.65 0.030
Param. difference 0.0011 0.03 0.28 -0.015
Stocks (pp. difference)

Unem. rate 432 1.86 296 430 3.92

TC emp. share 7.52 448 6.62 7.47 4.46
Transition rates (p.p. difference)

UE -0.97  -0.92 -0.06 -0.94 -0.98

EU 0.50 0.14 0.41 049 0.44

Notes: decomposition of differences in aggregate equilibrium outcomes between the “French-type” and “Spanish-
type” model economies. The first column reports the total difference in equilibrium outcomes between the
Spanish economy and the French-type economy. The subsequent columns report the difference in outcomes after
counterfactually imposing a given parameter in the French model economy to be equal to its counterpart in the
Spanish economy, i.e., a measure of the total difference in equilibrium outcomes attributable to this parameter.
The parameters under focus are the exogenous probability of separation 9, the non-work income level b, firing
costs F, and the regulatory restriction on the duration of temporary contracts, ¢. The first row indicates parameter
values in the French economy, taken as reference point. The third row indicates the difference in parameter values

between the Spanish and French model economies.
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