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ABSTRACT

Job Creation and Job Destruction over the Life Cycle:
The Older Workers in the Spotlight

This paper extends the job creation - job destruction approach to the labor market to take into
account the life-cycle of workers. Forward looking decisions about hiring and firing depend on
the time over which to recoup adjustment costs. The equilibrium is typically featured by
increasing (decreasing) firing (hiring) rates with age, and a hump-shaped age-dynamics of
employment. The empirical plausibility of the model is assessed by incorporating existing
age-specific labor market policies in France. Finally we show that the age-dynamics of
employment is optimal when the Hosios condition holds and we design the optimal age-
pattern for employment policies when this condition does not apply.
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1 Introduction

It is now well known that the low employment rate of older workers accounts
for half of the European employment gap (see OECD [2006]). The long-
run unemployment incidence is 50% higher for older workers (see Farber
[1997] and Machin and Manning [1999]). A first strand of the empirical
literature emphasizes the negative role played by labor market institutions
(specific insurance programs) on the job-search decisions of older unemployed
workers (see for instance Blondal and Scarpetta [1998]). A second strand
gives greater importance to skill obsolescence, arguing that older workers
suffer from a biased technological progress. Under wage stickiness, this gives
firms incentives to send older workers into early retirement (see Crépon,
Deniau and Perrez-Duarte [2002] and and Aubert, Caroli and Roger [2006])."

However, something is missing in this whole picture. Figure 1 shows that
the fall in the employment rate of older workers is steeper when the retire-
ment age gets closer, whatever the country considered. Two country groups
emerged very clearly in the mid-nineties: those with high employment rates
for workers aged 55-59 (Canada, Great Britain, Japan, the United States and
Sweden) and those which experience a huge decrease in employment rates at
these ages, around 25 points with respect to the 50-54 age group (Belgium,
France, Italy and the Netherlands). As documented by Gruber and Wise
[1999], the second group of countries is characterized by an effective retire-
ment age of 60 (versus 65 in the first group). However, there is no reason
to believe that these countries are more sensitive to ongoing technological

progress.

In this paper, it is first argued that the proximity of the retirement age
is the primary cause of the decrease in the employment rate of older work-
ers. We study the direct influence of impending retirement on both job
creation and job destruction, and abstract it from the labor productivity

dimension.? Since Oi [1962], labor is indeed viewed as a quasi-fixed input

! This point has already been put forward by Lazear [1979], from a theoretical stand-
point.

2See Bartel and Sicherman [1993] and Friedberg [2003] for an investigation of the rela-
tion between the impending retirement, and the labor productivity.



Figure 1: Employment rates from age 30 to 64 for OECD Countries
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factor so that the hiring process is costly, leading firms to implement labor-
hoarding strategies. An important contribution of Mortensen and Pissarides
[1994] (MP hereafter) has been to provide theoretical foundations for these
mechanisms in an overall theory of equilibrium unemployment. In that con-
text, endogenous hirings and separations depend on the expected duration
of jobs. But because workers live forever, workers’ age plays no role on MP’s
labor market equilibrium. Surprisingly enough, the impact of the life cycle
of workers in this extensively-used framework has not been yet addressed?.
From this point of view, our paper fills a gap. Because the horizon of older

workers is shorter, we show that firms and workers invest less in job-search

3The proximity of retirement has been scrutinized by Seater [1977] and Lungqvist and
Sargent [2005], but only to explain the low search intensity of unemployed older workers.
Bettendorf and Broer [2003] examine the age-dynamics of a labor market equilibrium
with matching frictions, but firings are exogenous and there exists a perfect insurance
assumption against unemployment and death risks.



and labor-hoarding activities at the end of the life cycle. This implies that
the hiring (firing) rate decreases (increases) with the age of the worker. This
approach could help to better understand the economic rationale underlying
the “discrimination” against older workers in the process of hirings and fir-
ings. Furthermore, since all new entrants (youngest workers) are unemployed,
we show that the overall equilibrium age-dynamics of employment is hump-
shaped. Lastly, the first part of this paper also revisits the positive impact of
conventional labor market policy tools in our life cycle setting. Importantly,
we find the assumption of infinite-lived agents understates (overstates) the
potential employment gains (costs) related to firing taxes (unemployment
benefits).

Beyond its theoretical interest, we believe that this approach is able to
deliver realistic empirical predictions. More particularly, we assess the ability
of the model to mimic the older workers’ experience, for the French economy.
This leads to taking into account the existing age-dependent policies that
have been put in place in order to compensate for the fall in the older work-
ers’ employment (specific employment protection and assistance programs).
Simulation results show that our theoretical framework is able to replicate
the main features of the French labor market. The distance from retirement
appears as the key variable, much more than labor market institutions, to
explain higher (lower) firing (hiring) rates for older workers. These empirical
results confirm our basic intuition: the retirement age is the central factor
to take into consideration in any analysis of older worker employment rates.
On the other hand, the employment rate of younger workers is more conven-
tionally governed by labor market institutions, because the influence of the
retirement age vanishes as the distance from retirement increases. The last
step of our quantitative investigation emphasizes that firms’ behaviors play
a primary role in accounting for the decrease of employment at the end of
the life cycle, that is, more than that of workers.

If the low employment rate of older workers can be explained by the
short horizon created by impending retirement, the next issue is then to
examine the social optimality of such outcomes. Before engineering any
policy devices to prevent firms from discriminating against older workers, it

is necessary to study the social optimality of such behaviors. By maximizing



the social welfare, we show that older workers come first (last) in the firing
(hiring) process. Without any other distortions than the matching process,
it is optimal to discriminate against older workers due to their impending
retirement. The decentralized equilibrium even coincides with the first best
outcome when the Hosios condition holds. However, what should be the
age profile of firing costs and hiring subsidies when the Hosios condition no
longer holds or unemployment benefits exist? As the effect of any distortion
depends on the expected life-time of the match, we show that age constitutes
the cornerstone of any optimal labor market policies, and in a way which is
sometimes quite opposed to the sense of current OECD legislation.

The first section presents the benchmark model and the age-dynamics
properties of the equilibrium. The second section addresses the issue of older
workers’ employment, by examining the impact of old-specific labor market
policies and assessing the empirical performance of the model, based on the
French experience. The last section examines the first best allocation and

establishes the optimal age-profile for employment policies.

2 How Do Job Creation and Job Destruction
Vary over the Life Cycle?

Let us consider an economy d la Mortensen - Pissarides [1994]. Labor market
frictions imply that there is a costly delay in the process of filling vacancies,
and endogenous job destructions closely interact with job creations. Wages
are determined by a specific sharing rule of the rent generated by a job. The
latter can be interpreted as the result of a bargaining between workers and
employers. At this stage, no other frictions or inefficiencies are introduced.*

Contrary to the large literature following Mortensen - Pissarides [1994],
we consider a life cycle setting characterized by a deterministic age at which
workers exit the labor market. Firms are free to target their hirings by age:

directed-search by age is technologically possible and legally authorized. This

4Unemployed workers job-search effort is discarded at this point for clarity of exposition.
We present in Appendix A an extended version of the model with endogenous job-search
effort for unemployed people. It allows us to assess the robustness of our results.



means that we are considering at this stage a “laissez-faire” economy.’

2.1 Benchmark Model Description
2.1.1 Worker Flows

We consider a discrete time model and assume that at each period the older
worker generation retiring from the labor market is replaced by a younger
worker generation of the same size (normalized to unity) so that there is no
labor force growth in the economy. We denote ¢ the worker’s age and 7' the
exogenous age at which workers exit the labor market: they are both perfectly
known by employers. There is no other heterogeneity across workers. The
economy is at steady-state, and we do not allow for any aggregate uncertainty.
We assume that each worker of the new generation enters the labor market
as unemployed.

Job creation takes place when a firm and a worker meet. Firms are small
and each has one job. The flows of newly created jobs result from a matching
function the inputs of which are vacancies and unemployed workers. The de-
struction flows derive from idiosyncratic productivity shocks that hit the jobs
at random. Once a shock arrives, the firm has no choice but either to con-
tinue production or to destroy the job. Then, for age i € (2,7 —1), employed
workers are faced with layoffs when their job becomes unprofitable. At the
beginning of each period, a job productivity € is drawn in the general distri-
bution G(e) with € € [0,1]. The firms decide to close down any jobs whose
productivity is below an (endogenous) productivity threshold (productivity
reservation) denoted R;.

Let u; be the unemployment rate and v; the vacancy rate of age i. For
any age, we assume that there are matching functions that give the num-
ber of hirings as a function of the number of vacancies and the number of
unemployed workers, M (v;,u;), where M is increasing and concave in both

its arguments, and with constant returns-to-scale. Let 6; = v;/u; denote the

5If we consider ez-ante undirected search but ez-post match-specific heterogeneity, it
adds some complexities but our main results should hold. Typically, the reservation pro-
ductivity allowing the job to start will increase with a worker’s age, hence reducing the
probability of being employed. In our equilibrium the latter result will hold due to the
decrease in the number of vacancies targeted at older workers.



tightness of the labor market of age 7. It is then straightforward to define

the probability of filling a vacancy as ¢(0;) = W and the probability for

M (u;,v;)

Us

unemployed workers to meet a vacancy as p(6;) =

At the beginning of their age 7, the realization of the productivity level
on each job is revealed. Workers hired when they were i — 1 years old (at
the end of the period) are now productive. Workers whose productivity is
below the reservation productivity R; are laid off. For any age ¢, the flow
from employment to unemployment is then equal to G(R;)(1 — u;_1). The
other workers who remain employed (1 — G(R;))(1 — u;_1) can renegotiate

their wage. The dynamics by age of unemployment are then given by:

U; = Ui (1 —p(&i_l)) + G(RI)(l — Ui—l) Vi € (2,T — 1) (1)

for a given initial condition u; = 1. The overall unemployment rate w is then

_ X
defined by v = ==

2.1.2 The Hiring Decision

Any firm is free to open a job vacancy and engage in hiring. ¢ denotes the
flow cost of recruiting a worker and 3 € [0, 1] the discount factor. Let V; be

the expected value of a vacant job directed to a worker of age i:
Vi=—c+ Bq(0:)Jira(1) + (1 — q(6:))Vi]

where J;(€) is the expected value of a filled job by a worker of age ¢ with
idiosyncratic productivity €. Following Mortensen and Pissarides, we assume
that new jobs start at the highest productivity level, € = 1.

As Jr(1) =0, no firms search for workers of age T — 1, that is 67 = 0.
The zero-profit condition V; =0 Vi € (1,7 — 2) allows us to determine the

labor market tightness for each age 6; from the following condition:

BJivi(1) =

(0 (2)

As 1/q(6;) is the expected duration of a vacancy directed to a worker of age
1, the market tightness is such that the expected and discounted job value is

equal to the expected cost of hiring a worker of age 7.



2.1.3 The Firing Decision

For a bargained wage w;(€), the expected value J;(e) of a filled job by a
worker of age ¢ is defined by:

Ji(€) = e —wj(e) + ﬂ/R. Jiv1(2)dG(x) + BG(Rit1) mZaX{VZ-} Vie [1,T —1]
g

A first thing to note is that with probability G(R;. ;) the job is destroyed and
the firm can freely choose to direct its vacant job to workers of any age. It is
also worth emphasizing that the deterministic exit at age 71" leads to an ex-

ogenous job destruction, whatever the productivity realization: Jr(e) =0 Ve.

The (endogenous) job destruction rule J;(e) < 0 leads to a reservation
productivity R; defined by J;(R;) =0 Vi € [2,T — 1]:

The higher the wage, the higher the reservation productivity, and hence
the higher the job destruction flows. On the other hand, the higher the
option value of filled jobs (expected gains in the future), the weaker the
job destructions. Because the job value vanishes at the end of the working
life, labor hoarding of older workers is less profitable. It is again worth

determining the terminal age condition: Rp_; = wr_1(Rr_1).

2.1.4 'Wage Bargaining

The rent associated with a job is divided between the employer and the
worker according to a wage rule. Following the most common specification,
wages are determined by the Nash solution to a bargaining problem®.

Values of employed (on a job of productivity €) and unemployed workers

6Recently, this wage setting rule has been somewhat disputed (See e.g. Shimer [2005]
and Hall [2005]). We leave for future research the exploration of alternative wage rules.



of any age 7, Vi < T, are respectively given by:

Wile) = wi(e) + 03 {/R Wis1(2)dG(z) + G(Rit1) Ui (5)
Uy = b+ Bp0:)Wira (1) + (1 — p(0;))Ui11] (6)

with b > 0 denoting the opportunity cost of employment.”
For a given bargaining power of the workers, considered as constant across
ages, the global surplus generated by a job, S; = J;(€)+W;(e) — Uy, is divided

according to the following sharing rule:
Wie) =U; = 7 [Ji(€) + Wi(e) — U] (7)

As in MP, a crucial implication of this rule is that the job destruction is
optimal not only from the firm’s point of view but also from that of the
worker. J;(R;) = 0 indeed entails W;(R;) = U;.

According to this Nash bargaining solution, we then derive the following

expression for the wage (see Appendix C for details):
wie) = 1=y)b+~vy(e+ch;) Vie[l,T—1] (8)

This is a traditional wage equation, except that age matters through the
market tightness. If this latter diminishes along the life cycle, the age profile
of wages is decreasing. This could counteract the incentives for firms to fire

older workers.?

2.2 The “Laissez-Faire” Equilibrium

The main objective of this section is to characterize the life cycle pattern
of hirings and firings. For didactic reasons, we first rely exclusively on the

firm behavior, without considering wage retroactions. Wages are assumed

"We assume that Wy = Uy so that the social security provisions do not affect the wage
bargaining and the labor market equilibrium.

8From an empirical standpoint, such a decrease in wages along the life cycle is a short-
coming. A similar result holds also in MP, where wages are expected to decrease after
hiring. As stated in Appendix A, it could be easily overcome by allowing for general
human capital accumulation. If the worker’s reservation wage and the productivity grow
at the same rate over the life cycle, only the discount factor is changed at the equilibrium
(see Appendix A).



to be fixed at the reservation wage level b. This “wage posting” case could
be rationalized by a bargaining power for workers equal to 0 (v = 0 in (8)).
Then, we will turn to our benchmark labor market equilibrium when it allows
for wages adjustments over the life cycle. The introduction of endogenous
job-search effort and its implications on equilibrium job creations and job
destructions will be also examined. Lastly, we will show that the age profile

of employment rates is typically hump-shaped.

2.2.1 The Wage Posting Equilibrium

If wages are equal to b, the firing policy, defined by R;, is independent of the

hiring one.

Proposition 1. If v =0, a labor market equilibrium with wage posting exists

and it is characterized by a sequence {R;,0;} solving:

Q(gz) - ﬁ(l - RiJFl) (JCPartialEq)
Ri = b=3 [y [1-G@)dr (JDparsias)

with terminal conditions Rr_1 = b and 0p_1 = 0.

Proof. See Appendix D.1. n

It is then possible to derive the age profile of hirings and firings along the
life cycle.

Property 1. Ri+1 > Rz and 9i+1 < QZ Vi.
Proof. See appendix D.2. m

Older workers are more vulnerable to idiosyncratic shocks. A shortened
horizon relative to younger workers make them more exposed to firings. Oth-
erwise stated, this reflects that labor-hoarding decreases with worker’s age.
In turn, it creates a downward pressure on the hirings of older workers. It
reinforces the decrease in hirings at the end of the working cycle due to a

shortened horizon which makes vacancies unprofitable.

10



2.2.2 The Equilibrium with Wage Bargaining

If wages are bargained according to the equation (8), the firing policy depends
now on the market tightness. The wage decrease over the life cycle is then
likely to offset the direct effect of the shortening horizon on firings. This

could put into question the decreasing age profile of firings, hence of hirings.

Proposition 2. A labor market equilibrium with wage bargaining exists and

it is characterized by a sequence {R;,0;} solving:
sy = BA—=7)(1 - Rin) (JC)
R = b+ () b= B, 1 - G@)dz (JD)
with terminal conditions Rr_1 = b and 0p_1 = 0.

Proof. See Appendix D.3. m

Corollary 1. Let be M (v,u) = v¥u'™% with 0 < < 1, and G(e) =€, Ve €
[0,1], with b <1 < 20/83,° the labor market equilibrium with wage bargaining

can be summarized by a sequence {Ri}iT:_Q1 solving:

Ri=b+ (17_67) V(lc_ﬂ 1-R)| —§(1—RH1)2 9)

with terminal condition Rr_1 = b.

Proof. Straightforward. m

The sequence of R; is no longer necessarily monotonic. If the wage de-
creases sufficiently at the end of working life because of the weakness of the
market tightness, then firms might be less inclined to fire these older work-
ers.!® The following property and corollary state restrictions, implying that
this indirect effect of age through wages does not dominate the direct impact

of age on labor-hoarding and firing.

9From (9) it is straightforward to see that b < 1 < 2b/f is a sufficient condition for an
interior solution to exist (R; > 0 Vi).

10Tt is worth emphasizing that this incentive to keep older workers still remains when
there is human capital accumulation that allows wages to grow over the life cycle at the
same rate as productivity (see Appendix A).

11



Property 2.

. o
if 1> " .

¥
e [ﬁ(kv)} =9 for >1/2
29 |22 TN (1= forw <1/2

then the labor market equilibrium verifies R;y11 > R; and 0,11 < 0; Vi.
Proof. See Appendix D.4. m

Figure 2 gives the age dynamics of the labor market. This figure shows

that if dilﬁl > 0and b > R;, Vi, the model generates a monotonous increasing

sequence of R;. While this result is not ambiguous in the case of an exogenous
wage, a parameter restriction is required when the wage derives from a Nash

bargaining. The value of recruiting costs (c) is central for understanding this
Figure 2: Equilibrium dynamics of R;

R(i) 4

=% I

» R(i+1)
R* R(T-2) R(T-1)

result. It determines how age influences the vacancy rate. The higher the
recruiting cost, the less sensitive labor market tightness to age, the steeper

the age profile of wages. If ¢ is sufficiently high, the wage effect cannot

12



counteract the horizon effect on the reservation productivity: the age-profile

of the firing rate is increasing.

Corollary 2. If ¢ = 1/2 the condition ¢ > B~y(1—7)2 ensures that the labor
market equilibrium verifies R; 1 > R; and 0;.1 < 0; Vi.

Proof. Straightforward from Property 2 with ¢ = 1/2. O]

Lastly, it should be emphasized that if Property 2 (hence Corollary 2)
are not satisfied, the age dynamics of the labor market is oscillatory'!. In
the light of empirical facts on employment, hiring and firing rates by age, we
rule out such solutions of the labor market equilibrium. As it will be stated

below, this is also consistent with realistic calibrations of the model.

2.2.3 The Role of the Endogenous Job-Search Effort

For didactic reasons, until now we have neglected the influence of the life
cycle hypothesis on workers’ job-search effort. Making the latter endogenous
would actually reinforce the decrease in the employment rate at the end of
working life. As the retirement age gets closer, the return on job-search
investments decreases because the horizon (the expected job duration) over
which they can recoup their investment is reduced. This point can easily be
stated by considering the following unemployed problem to define job-search

intensity:'?

U; = max {b — % + B leip(0:) Wit (1) + (1 — €ip(9i))ui+1]}

€;
where the labor market tightness is now defined by 0; = v;/[€;u;)] with a
matching function M (v;,€;u;) where €; is the average job-search effort of
workers of age .
The optimal decision rule shows that it is in the older unemployed work-
ers’ interest to reduce their job-search intensity, since the discounted sum of

surplus related to employment is decreasing with age:

HUProof available upon request.
12Gee the Appendix A for a detailed description of the model with a more general
specification of preferences.

13



e; = Bp(0;) Wir1(1) — Uig]

This provides an addition to existing forces that lead job creation to de-
crease with age. This point can be highlighted by examining the equilibrium

properties with job-search effort.

Proposition 3. A labor market equilibrium with wage bargaining and en-
dogenous job-search effort exists and it is characterized by a sequence {R;,0;}
solving:
q(zi) = (1 —=7)(1 = Ri) (JCesr)
2
1
R = b+ (5et) =6 [h, 1= G@)lds (D)

with terminal conditions Ryr—_1 = b and 0r_1 = 0.
Proof. See Appendix D.5. n

Property 3. Let be M(v,eu) = v¥(eu)™% with 0 < ¢ < 1, and G(e) = ¢,

2¢

Ve e [0,1],if 1> 5% <M>W} then the labor market equilibrium with

c

wage bargaining and endogenous job-search effort verifies Rivw > R; and

Oip1 < 0; Vi.
Proof. See Appendix D.6. O]

Corollary 3. If v = 1/2 the condition ¢ > [v(1 — )20 ensures that the
labor market equilibrium verifies Riy1 > R; and 0,01 < 0; Vi.

Proof. Straightforward from Property 3 with ¢» = 1/2. O

This corollary shows that the restriction on ¢ to ensure the existence of
an equilibrium with R;,; > R; is weaker than that imposed by corollary 2.
This point demonstrates the positive role of job-search effort in explaining

the increase (decrease) of firings (hirings) with age.

2.2.4 The Age Profile of the Employment Rate

The age profile of hirings and firings has been recursively determined from

terminal conditions. On the other hand, the age profile of unemployment wu;

14



(or employment n; = 1 — u;) depends on the arbitrary initial condition u;.
This explains why it is ambiguous:
G(Rit1)
U; <
G(Riy1) +p(0:)

= Njt1 2 n; Vi

Figure 3: Equilibrium dynamics of {R;,n;}

R(D)
R(T-1)]
RC) | g AR=0
||
I
1 \ An=0
1 .
() > o)

Property 4. For uy = 1, there exists a threshold age T so that n; >
ni_1 Vi< T and n; <mn;_p Vi> T.

Proof. See Appendix D.7. m

In the case where all the new entrants are unemployed, high vacancy
rates and low firing rates at the beginning of the working life cycle make the
employment rate increasing with age until the age T. Until this threshold age,
this increase in employment rate is simply the result of a queue phenomenon.
From T on, the employment rate evolution by age mimics the age profile of
firings and hirings. The age heterogeneity across workers then leads to a low
employment rate for older workers. The overall age-dynamics of employment
is thus hump-shaped, as found in OECD data.

15



2.2.5 The Age Profile of Wages

Since the seminal empirical work of Mincer [1962], it is well-known that
the wage increases with age and declines at the end of the life cycle. This
stylized fact can be explained in our model simply by including general human
capital accumulation as shown in Appendix A. The wage increases with the
accumulation of human capital, but the decrease of the labor market tightness
slows down this growth. At the end of the life cycle, the large decrease of

the tightness can dominate the dynamic of human capital accumulation.

Property 5. Let v = 1/2, if ¢ > 28(1 — 7)?, then w1 (Riy1) > wi(Ry),
Vi< T.
Proof. See Appendix D.8. O]

The discrimination against the older workers leads also to another phe-
nomenon: at the end of the life cycle, firms hoard their workers less (the
reservation productivity increases with the age of the worker). Only the more
productive remain at work. Property 5 illustrates this result. Accordingly,

the average wage can increase with age due to a composition effect.

2.2.6 Distance from Retirement instead of Age

An important parameter of the model is the retirement age. Only the dis-
tance between the current age and the retirement age matters according to a

horizon effect. On the contrary, the biological age does not matter in itself.

Property 6. For two retirement ages, T" and T'+ N, we have Rr_,1_; =

Ryyn_1-i and Or_1-i = 0T+N—1—i7 Vi.

Proof. Proposition 2 and Corollary 1 clearly show that for all 7', we have
the same terminal condition: for two retirement ages, T and T + N, we
have Rr_1 = Ryin-1 = b and 071 = 07,1 = 0. Then, using backward
induction, the equations (JC') and (JD) show that the Rr_1_; = Rpin_1-;

and O7_1_; = Oy n_1-4, Vi. O

This explains why some countries experience a drop in their employment
rate as soon as the age of 55 (see figure 1 in the introduction): the 55-

09 years-old workers are close to their retirement age. The model is thus

16



able to provide some foundations to the observed OECD employment rate

differences, by relying on a pure horizon effect.

2.3 Labor Market Policy Revisited in a Life Cycle Set-
ting

In a “laissez-faire” economy, the labor hoarding strategy is less valuable for
older workers. This section revisits the impact of firing taxes and unemploy-
ment benefits in a finite horizon context. It analyzes to what extent labor
market policy tools either reinforce or counteract this primary mechanism at
work.

We first emphasize that a constant firing tax implies a higher decrease in
firings in our economy than in an infinite-lived agents’ model a la MP. The
short horizon of older workers implies that firms can escape from the tax by
waiting for the pending retirement age. Secondly, the unemployment bene-
fit system has a lower negative impact on the employment of older workers.
Indeed, the horizon during which the firms must bear higher labor costs is
shorter for older workers. Overall, these results highlight that conventional
labor market instruments introduce a bias in favor of the older worker em-
ployment due to a “horizon effect”. We will also show that the global impact

on employment of these policies is more favorable in our life-cycle setting.

2.3.1 The Equilibrium with Unemployment Benefits and Firing
Costs

Let us denote z the unemployment benefit financed by a non-distortionary
tax. F' denotes a firing cost which refers to the implicit costs in mandated
employment protection legislation and in experience-rated unemployment in-
surance taxes. Furthermore, we consider a two-tier wage structure in line
with Mortensen and Pissarides [1999] and Pissarides [2000].

Proposition 4. A labor market equilibrium with wage bargaining exists and

it is characterized by a sequence {R;,0;} solving:

(6, = Bl -1~ Riys — F)

R = b+z—(1—6)F+%6i—ﬁ/l 1 - G(2)] dz
o Rit1

N
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with terminal conditions Rp—_1 = b+ 2z — F and 67_; = 0.

Proof. See Appendix B and consider F; = F;.1 = F, z; = z as well as
H, =0. O

In a MP type of economy, T" — oo, and the productivity threshold and

labor market tightness jump on stationary values that we denote, R and 0.1
Corollary 4. If T' — oo, the labor market equilibrium is characterized by

{R, 0} solving:

0 pAL=71-R-F)

1
R = b+z—(1—ﬁ)F+le—5/ 1 - G()] do
-~ R
Proof. Straightforward from Proposition 4. O]

Corollary 5. Let be M(v,u) = vYu'™" and G(e) = ¢, when ¢ = 1/2 the
condition ¢ > [Bv(1 — )2 ensures that the labor market equilibrium with
policy verifies Rii 1 > R; and 6;11 < 60; Vi.

Proof. Similar to proof of Corollary 2. O]

2.3.2 The Impact of Firing Costs Revisited

We first re-examine the impact of the firing tax in our life cycle setting.

Property 7. If Corollary 5 is satisfied, the labor market equilibrium s char-
acterized by, Vi:

o o dR AR dRi
— dF dF dF
db;. 4 db; de
> -
" 2F T 4P T uF
Proof. See Appendix D.9 O

3When F = 0, R is equivalent to R* on figure 2.
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Property 7 emphasizes that the older workers benefit more from the em-
ployment protection, and, by consequence, that the firing tax reduces more
job destructions than in an infinite horizon economy.*

At the end of the working cycle, introducing a firing tax increases the
present firing cost without any future consequences on the job value as the
worker will be retired in the next period. On the other hand, in an infinite
horizon, the present firing cost increases in the same proportion as in our
life-cycle model, but the job value decreases, as the firm rationally expect
the future cost of the firing tax. In some sense, retirement allows firms to
escape from the firing tax, leading them to more labor hoarding for older
workers.

By backward induction, firings of younger workers are also reduced since
expected durations of jobs increase. This explains why the global effect of a
firing tax on job destructions is higher in our life-cycle economy. Similarly,
these longer expected durations for jobs also translate into an increase in
labor market tightness. This counteracts the direct negative impact of the
firing cost on job creation and this explains why 0 > giﬁ Vi > g—g.

This suggests that evaluating employment protection in an infinite-lived

agents context underestimates the potential positive impact on employment.
Overall, however the effect of a firing tax in our life cycle setting remains
ambiguous, since job creation is still negatively affected by the level of the

firing costs.

2.3.3 The Impact of Unemployment Benefits Revisited

We now analyze the impact of unemployment benefits.

Property 8. If Corollary 5 is satisfied, the labor market equilibrium s char-
acterized by, Vi:

dR dR; dR;
o Z “ = i+1 >0
dz dz dz
do db; do;
oY S Vi < i+1 <0
dz dz dz
M Ultimately, when v = 0 and 8 — 1, 22 = 0 whereas 4% < 0 (for instance d%}’l =

7).
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Proof. See Appendix D.9 O]

In our life cycle setting, unemployment benefits imply higher distortions
for younger workers than for older workers. Labor hoarding strategies are in-
deed directly related to the sum of labor costs until retirement. The expected
cost of unemployment benefits is thus higher for younger workers. This also
explains why the unemployment benefit level has a larger global impact on
job destruction in a MP type of economy than in our life cycle setting. In

turn, the labor market tightness is less affected in our setup.

3 The Older Workers in the Spotlight

It is in the interest of firms to differentiate their hiring and firing decisions
by age in a life cycle setting. It potentially delivers an original explanation
for the observed decrease in the employment rate at the end of the working
cycle. This section is precisely focused on older workers” employment. Be-
yond their proximity to retirement, the labor market of older workers is also
characterized by specific policies which have been designed to compensate for
age discrimination. Our life-cycle model allows us to study the theoretical
impact of the age-dependent policies. They could explain a large part of the
employment apart from the retirement age. In a second step, we propose a
quantitative analysis to measure to what extent the distance from retirement
is indeed the main feature of older workers’ employment, based on the French

experience.

3.1 Older Worker Policies and Labor Market Equilib-
rium

Faced with the low employment rate of older workers, governments have put
in place different policies to counteract this trend or to compensate for it by
specific assistance programs for older workers. These policies are certainly
crucial to understanding the different forces at work when considering the
end of the working life cycle. Our approach provides a theoretical framework

to analyze their consequences by age on hirings and firings.
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It is possible to distinguish two types of labor market policy oriented

toward older workers.

e The first type is designed to protect them. Some policies for older
workers are indeed characterized by (i) higher firing taxes (ii) higher

"unemployment" benefits through specific assistance programs.

In some countries, (e.g. Belgium, Finland, France, Japan, Korea, Nor-
way), it is indeed more costly for firms to lay off older workers because
of longer notice periods or higher severance pay. Another important
feature concerning older workers is that there exist specific inactivity
and disability programs in most European countries. They provide
generous substitution incomes for people eligible for these programs
until retirement: this leads to an increase in the non-employment in-
comes. Moreover, these workers must be considered as inactive (the
job-search costs are higher than for the younger) as the benefits are

not conditional on a job-search activity.

e The second type of policy aims at increasing the likelihood for older
workers to find a job. In the UK, firms receive a subsidy if they hire an
older worker. In the US, the objective of the anti-age discrimination
law is to give the same employment opportunities to all individuals,

whatever their age.

3.1.1 The Equilibrium with Age-dependent Labor Market Policies

We now let z; be the age-dependent unemployment benefit financed by a

15 F; is the tax that the firm must pay when it fires

non-distortionary tax.
a worker of age i, and we introduce H; as the hiring subsidy that the firm
gets when it hires a worker of age i. The equilibrium allocation with wage
bargaining and endogenous search effort is now featured by (see Appendix B

for derivation details):

Proposition 5. For given sequences of policy instruments {H;, F;, z;}, a

labor market equilibrium with wage bargaining and endogenous search effort

15We assume that unemployed and employed workers face an age-specific lump sum tax,
Xj,, so that X7 = Z;U; Vi.
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exists and it is characterized by a sequence {R;,0;} solving:

0y = Bl =71 = Rija + Hip — Fiya) (JCpot)
2
B = btats; (17—2&) - Ul;m [1—G)lde — Fiya| = Fi (JDpol)

with terminal conditions Rp—1 = b+ zp_1 — Fr_y and 67—, = 0.

Proof. See Appendix B. O

3.1.2 The impact of age-dependent labor market policies

From the system (JCpu)-(JDpol), it can easily be shown that age-specific
policies have an impact on the targeted population, but also on younger

agents due to the forward-looking behaviors of firms.

The impact of age-increasing unemployment benefits. The unem-
ployment benefit (z;) is found to exert a conventional upward pressure on
wages. This leads to an increase in the productivity threshold R;: the num-
ber of job destructions rises and the hiring rate decreases.

To get more insights into the role of the age profile of unemployment
benefits, let us examine the impact of an additional unemployment income
for a senior. For simplicity, let us now consider that zp_ = z and z; =
0 Vi€ [2,T—2]. Assume also H; = F; = 0 Vi and v = 0. From proposition
5, it is straightforward to see that:

Rr1=b+z2r1 2(0r2) =B(1—b—2r-1)
1
C
RT_2 = b — B RT—l[l — G([E)]dl’ ) m = ﬁ(l — RT_Q)

As could be expected, this first shows that the greater generosity of assistance

programs at the end of the working life increases firings and decreases hirings
of older workers (%]:;:11 > 0 and % > 0). But it is also important to
noticle that the value of }abor—hoarding for younger workers is also reduced
(8/6IRT51Z[T1;G(I)W = %fRTgi;G(x)]dx X %f;j < 0). This leads to higher
(lower) firing (hiring) rate for workers who are not yet eligible for the generous
Ofr—2 - 0 and 222 < ().

Ozr_1 Ozr_1

unemployment benefit system (
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Unambiguously, the age-increasing non-employment income implies a rise
in the non-employment rate of all workers (see equation (1)). Nevertheless,
the firing probability of older workers is higher than that of the younger
workers because the expected effects of this policy are smaller than its in-

stantaneous impact.

The impact of the age-increasing firing tax. Whereas F; tends, as
expected, to push down R; by increasing the current cost of firing, Fj,q
increases R; by reducing the value of labor-hoarding, i.e. the expected future
gain associated with the job (see the term in brackets, equation JD,). This
suggests that job destruction is crucially related to the age profile of the
employment protection, Fj,q — F;.

More severe employment legislations protect workers who already have a
job, but at the expense of those without a job. This point has already been
stated theoretically by Mortensen and Pissarides [2000].

To get further insights into the role of the age profile of firing taxes, let
us, for instance, examine the impact of a policy introducing an additional
tax when laying off older workers. For simplicity, consider Fpr_y > 0 and
F, =0 Vi e [2,T —2]. Without loss of generality, we assume again that
the bargaining power of the workers is equal to zero (y = 0). Assume also

H; =0 and z; = z, Vi. From proposition 5, it is straightforward to see that:

Rr1=0 —Fr =0(1—-b-—
T—1 +z T-1 (07 ) B( z)
1
c
Rr_o=b+2+BFr_1 - 1 —-G()dr ; ————— =p(1— Rr_s)
Rr_4 q(br-3)

This clearly shows that for workers of age T'— 1, the introduction of the
tax reduces firings (gﬁ—;j < 0) while the number of newly-hired workers who

01 _»
OFr_1

the firing tax implies an increase in the employment rate of the oldest workers

enter to employment at age 7' — 1 is unchanged ( = 0): unambiguously,

(see equation (1)). On the contrary, for workers of age T — 2, it appears that
the firing probability increases and simultaneously the hiring one decreases
(g?—f;:f > 0 and gf%j = ggj;j X g?;j < 0). The expected firing tax
in T"— 1 indeed reduces the value of job continuation when the worker is

T — 2 years old on the labor market (less labor-hoarding). The associated
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increase in productivity thresholds translates into lower expected duration of
jobs, hence lower hirings: the employment rate of workers of age 7' — 2 falls
unambiguously with Fp_;.

Overall, our framework illustrates that the aggregate employment impact

of age-dependent employment protection is not determined a priori.

The impact of the age-increasing hiring subsidy. In the equations
(JCpot) and (JD,,p), the hiring subsidies have a direct impact only on the job
creation rule, unlike the firing taxes which affect both (JCps) and (J D).
Let us, for instance, examine the impact of a policy introducing an addi-
tional subsidy when hiring older workers. For simplicity, consider Hp_y > 0
and H; =0 Vi € [2,T — 2]. We assume that the bargaining power of the
workers is equal to zero (v = 0), and F; = 0 and z; = z, Vi. From Proposition

5, it is straightforward to see that:

RT_lzb—f-Z ) q(eT_Q):B(l—b—Z—I—HT_l)
1
RT*Q =b +z - ﬁ R, [1 - G(m)]dx ) q<0§3) = ﬂ(l - RT*2)

It clearly appears that when the bargaining power of the workers is equal
to zero, the hiring subsidy targeted for the age T'— 1 workers has an impact
only on this age group, through an increase in their hiring rate. This policy
unambiguously increases the employment rate of the older workers, without
introducing any distortions for the younger workers.

Nevertheless, this result is not general. Indeed, when the bargaining
power of the workers is strictly positive, the higher exit rate from unem-
ployment tomorrow pushes up the wage today and then the productivity
threshold. This leads to an increase (decrease) of the firing (hiring) rate for
the younger workers. This adjustment of the wage could be neglected in the
analysis of the unemployment benefit and the firing tax because it amplifies
the direct effects of the institutional changes. This is no longer the case for

the hiring subsidies.
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3.1.3 The Influence of Legislation Prohibiting Age-Discrimination

The second issue of this section is about legislation prohibiting age discrimi-
nation. This legislation in the US dates back to the 60’s (Age Discrimination
in Employment Act in 1967, and subsequent amendments). In 2000, the
European Union Council Directive also required all 15 EU countries to in-
troduce legislation prohibiting direct and indirect discrimination at work on
the grounds of age.

To extend our benchmark economy we should notice that when age dis-
crimination is efficiently prohibited, the job-search is undirected and there
is only one labor market tightness, #. However, there still exists distinct
equilibrium wages since productivity shocks are job-specific. Lastly, under
the assumption one job - one firm, it not possible to examine the question of
the age-discrimination legislation related to firings.

Let consider that search effort is constant, and denote by V' the value of

a vacant position, value functions now solve:

Vo= et B 1a0) Y 1) + (- @)V (10
Ji(e) = e—wi(e)+ 0 {G(RiH)V—i—/R Ji+1(:v)dG(x)} (11)

1
WZ(E) = wi(e) —l—ﬁ {G(Ri+1)ui+1 +/ W,+1(£B)dG(I):| (12)
Rt
Ui = b+ z+B[p@)Wip (1) + (1 — p(0))Uiii] (13)
The free entry condition, V = 0, now implies:

T2
C ('

—= =0 —Jiua(1)

q(0) 2 u

which means that the average recruiting cost equals the firm’s expected gain

related to the match according to the age of the worker she meets. With

probability ¢(#) the vacant job is filled, and with probability u;/u it is filled

with a worker of age 7.

Proposition 6. Let G(e) =€, Ve € [0,1], a labor market equilibrium with

wage bargaining and age discrimination legislation exists and it is character-
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ized by a sequence {R;,0,u;} solving:

m = 5(1_7)25(1—1?#1)

Ri = b2+ p(0)3(1— Rewr) = 501 = Rin)?

U; = G(Rl)(l — ui_l) + (1 - p(@))ul_l
with boundary conditions Rp_1 = b+ z and u; = 1.
Proof. See Appendix C.3 for the equilibrium derivation. Il

If we assume for simplicity that the bargaining power of the workers
is equal to zero (v = 0), Proposition 6 implies that the dynamic of the
productivity threshold is the same as if there were no anti-discrimination law.
Then, this law has no impact on firing rates by age in this case. Turning
to the hiring process, if we assume that 6 = 0r_5, with 6r_5 obtained in
the model with discrimination, then 6 > 6p_q since 6r_5 > 6r_;. Hence,
unambiguously, the employment rate of the older workers increases with the
anti-discrimination law.

More generally, such a law imposes the same job creation rate whatever
the worker’s age, on the basis of the average expected gain. As a consequence,
it is favorable to older workers’ recruitment as regards the laissez-faire econ-
omy. Labor market tightness for older workers is indeed increased by the
age discrimination legislation. But, in turn, since wages are positively re-
lated with labor market tightness, equilibrium wages and destruction rates
of older workers are also increased. The overall impact on employment is
thus theoretically undetermined, but one might expect that the direct im-
pact on hirings is less than offset by the indirect impact on firings, that is,

this legislation increases the employment rate of older workers.

3.2 A Quantitative Investigation: the French Older Worker
Experience

The objective of this section is twofold. On the one hand, we aim at show-
ing that the model is able to account for the observed age-dynamics of job

creation and job destructions flows. On the other hand, we verify that the
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feedback effect of the retirement age is crucial in the explanation of the de-
crease in the employment rate of older workers, relative to existing labor
market institutions that are traditionally favored in any model aiming at ex-
plaining labor market flows. We completely discard the entry-stage process
of the labor market and so the younger worker flows, typically focusing on
employment age heterogeneity after the age of 30 in our empirical investiga-
tions.

We choose to evaluate the model on French data (males). Firstly, the
retirement age is known without any uncertainty. All men exit the labor force
when they reach their full pension age and they are not allowed to continue
working after drawing their pension. Until recently, more than 90% of men
retired at 60. All these features make France very close to our framework,
which leaves aside any questions related to heterogeneity and uncertainty
about the exit date from the labor force.

France is also characterized by the existence of specific and generous as-
sistance programs for older workers. Workers are eligible for these programs
in the case of layoffs, conditional on being aged more than 57. They then
receive a generous income until retirement. Another important feature of the
French labor market is the specific firing tax that firms incur in the case of

laying off older workers (“Delalande Tax”).

3.2.1 Calibration and Quantitative Assessment

The empirical performance of the model is now evaluated on French data
(male workers) by simulating the equilibrium with age policies (JCpor)-(J Dpor)-
The calibration is based on the period prior to 1993, that is before the Social
Security reform which has introduced more heterogeneity in the retirement
age. Similarly, we discard modifications to the layoff tax scheme that have
been implemented from 1993 on.

We consider flows between employment and non-employment as older
workers are mostly entitled to specific assistance programs which are slightly

more generous than unemployment benefits.
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Calibration. Specifications of functional forms for the distribution of idio-
syncratic shocks and the matching function are first required. As is usually
assumed, we consider an uniform distribution and a Cobb-Douglas matching

function. More precisely, we set:

G(e) = € Veel0,1]
In(p(6;)) = vb; 0<y <1

A first set of parameters &, = {3,1,, F, z, F'(old), z(old)} is then based
on external information, where F' (resp. z) is the firing tax (resp. unem-
ployment benefits) for workers less than 55 (resp. 57) years old, and F'(old)
(resp. (zold)) refers to older worker-specific labor market policies for workers
more than 55 (resp. 57) years old.

The discount factor 3 equals 0.96, which yields an annual interest rate
of 4%. The elasticity of the matching function is set to the extensively-
used value ¢ = 0.5 (see, among others, Mortensen and Pissarides [2000]).
The bargaining power of the workers is fixed at v = 0.3, which is the mean
of admissible values estimated on French microdata (see Abowd and Allain
[1996]). Overall firing costs represent in France 15 months of average wage
earnings (see Abowd and Kramarz [2003|). No evidence exists for France
on the decomposition of these costs into severance transfers to workers and
administrative costs. Garibaldi and Violante [2002]| provide such a breadown
for Italy, whose employment protection OECD indicator is reported to be
very close to France: a third of firing costs are related to administrative costs.
Applying this value for the overall firing cost in France leads the layoff tax
to represent in our economy 5 months of the average annual wage earnings,
which is obtained by setting F' = 0.2. For workers between 55 and 60, we
also include the additional administrative cost targeted at older workers (the
“Delalande tax”). This additional component represents 25% of the annual
wage earnings (French law until July 1992). This leads to F(old) = 0.32,
which implies that the overall firing tax for older workers is 8 months of the
average annual wage earnings. Unemployment benefits are set to reproduce
an average net replacement ratio of 55% (Martin [1996]) for workers less than

57 years old: this implies z = 0.275. For workers over 57, we add a premium
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of 10% which reflects the fact that they are exempt from the decrease in the
replacement ratio throughout the unemployment spell.®

Lastly, and due to a lack of information on the value of leisure and the flow
of recruiting costs, we choose to calibrate a second set of parameters ®, =
{b, ¢} in order to reproduce stylized facts on the employment rate in France
in 1993. Accordingly, the model will be assessed on its ability to account
for job flows in and out of non-employment rather than on the replication of
the age dynamics of the employment stock variable. The values of b and ¢
are set such that the model matches the observed average employment rate
for 30-44 and 55-59 year old male workers, denoted respectively 7(39_44y and
n(s5—59). This implies b = 0.18 and ¢ = 0.46.

Model Assessment. Our calibration strategy hence implies that by defi-
nition the model matches the employment rate for the two age groups, 30-44
and 55-59. The employment rate of workers aged between 45 and 55 is also
well replicated. The key issue about the empirical relevance of our model then
relies on its ability to account for job creation and job destruction flows. The
model could replicate the age-dynamics of the stock variable (employment),
but understates or overstates by ten both hirings and firings. Figure 4 shows
entry and exit rates for three age groups, 30-44, 45-54 and 55-59, so that our
assessment is based on six moments. Interestingly, this figure shows that our
model matches quite well the age-pattern of firing and hiring rates over the
life cycle. However, it must be acknowledged that the levels are not perfectly
reproduced. More particularly, the firing and hiring rates of the age group
45-55 are overestimated. Yet, we consider that this simple model works sur-
prisingly well to generate the age profile of hirings and firings over the life

cycle.

3.2.2 Identifying the mechanisms at work

What are the main driving forces behind the age-dynamics generated by our
model? First, it is of primary interest to identify the relative importance of

the age policies and the horizon effect in this result. It is often argued that

16The first year of the replacement rate is approximated around 0.65 (Martin [1996]).
This implies z(old) = 0.3025.
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Figure 4: The age-dynamics of the labor market

Employment Rate by Age Group
0.9 T

— I Vodel
[Jpata
0.8

0.7

0.6

05

Rate

0.4

0.2

0.1r

. . .
30-44 45-54 55-59
Annual Hiring Rate by Age Group

T

1

I
30-44 45-54 55-59

Annual Firing Rate by Age Group
14 T

30

251

201

15F

Rate in %

10

12

Rate in %

0 I I I
30-44 45-54 55-59

Data = French Labor Force Survey (males, averages over 1990-1993)
Hiring rate = outflows from non-employment / non-employment

Firing rate = inflows into ngré—employment / employment



when generosity of unemployment benefits is the primary cause of low em-
ployment (see Lungjvist and Sargent [2005]). Accordingly, one could expect
that higher UB for workers aged 57 or more in France is the key feature at
the origin of the decline in the older worker employment rate. We will show
that the intrinsic horizon effect actually is dominant. Secondly, it is crucial
to identify the respective contributions of the supply and demand for older
workers. Which side of the labor market is the most sensitive to the horizon
effect? It will be revealed that the demand side seems dominant in explaining

the decrease in the employment rate when the retirement age comes closer.

Disentangling the horizon effect and the age policies. The generosity
of assistance programs after 55 could explain the decline in the employment
rate for these workers, but also that of the 45-54 age-groups by a feedback
effect. Even if this last effect is inherent to our framework, this explanation
would be a simple transposition to our life cycle model of a well-identified
and classic mechanism.

In order to identify the relative contribution of the horizon effect, we
consider along our benchmark calibration the case where the unemployment
benefit and /or the firing tax are constant throughout the working life cycle.
Table 1 ("without age policies") gives a quantitative measure of the decrease
of employment when both policies are the same for all ages. It appears that
there still exists a large decrease in the employment rate after 55. Consis-
tently, the hiring and firing rates are deeply affected by the proximity of
the retirement age. Without any age policies, the decrease in the 55-59 em-
ployment rate (with resp. to 45-54) is equal to 25.8 points. These results
clearly show that the “horizon effect” largely dominates the dynamics of the
employment rate at the end of the life cycle.

By comparing the first and the second lines, it appears that the increasing

Table 1: Policies versus Horizon Effect

Employment Hiring Firing
Age 30-44  45-54  55-59 | 30-44 45-54  55-59 | 30-44 45-54  55-59
Without Age Policies 89.6 862 604 | 27.9 249 11.0 3.1 4.9 17.3
Without Age Firing Cost 89.6 852 542 | 27.6 220 7.3 3.3 7.3 20.3
Benchmark 89.4 82.5 58.4 27.9 22.0 8.2 3.1 6.5 12.7
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Figure 5: Age-dynamics of the labor market with and without age-specific

policies
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profile of UB after 57 is responsible for a decrease of 6 points for the 55-59
employment rate, and also of 1 point for the 45-54 age-groups. Higher firing
costs after 55 lead to better employment protection for the 55-59 years-old,
who benefit from an increase in the employment rate of 4.2 points due to
this legislation. However, this latter negatively affects the employment rate
for workers aged 45-54 which decreases by 2.7 points. The net effect on
employment rates is thus close to zero (see also figure 5). These results
are consistent with a recent econometrical evaluation of the Delalande Tax
(Behaghel, Crépon and Sédillot [2005]).

The respective role of the firms and the workers. If the horizon effect
seems to play an important role at the end of the working life, both firms
and workers are potentially responsible for this outcome. It is possible to
identify their respective roles by considering economies with a constant job-
search effort for workers. More precisely, we compare two economies, with
and without an endogenous job-search effort at each age. In this latter case,
the constant job-search effort is set to its average endogenous value over the

30-44 age range.

Table 2: Workers versus Firms

Employment Hiring Firing
30-44 45-54 55-59 | 30-44 45-54 55-59 | 30-44 45-54 55-59
Benchmark 89.4 82.5 58.4 27.9 22.0 8.2 3.1 6.5 12.7
Benchmark e; =€ 89.4 84.9 72.6 27.9 26.2 15.9 3.1 5.8 8.9
Without Age Policies 89.6  86.2 60.4 | 279 24.9 11.0 3.1 4.9 17.3
Without Age policies, e; = 89.6 874  68.9 | 279 272 18.0 3.1 4.5 15.1

We first consider the benchmark economy (with age policies) in these two
cases (the first two lines of Table 2). By comparing these two economies,
we see that the employment rate of 55-59 years old workers is reduced by
12.8 points (with resp. to 45-54), instead of 24.1 points when search effort
is endogenous. This suggests that more than 50% of the decrease in the
employment rate is related to the firms’ behavior (demand side). Moreover,
the intrinsic role of the workers’ behavior (supply side) is certainly over-
emphasized, as the unemployment benefits are particularly generous at the

end of the working life. The relative contribution of the labor demand could
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be even greater when restricting our attention to the horizon effect. We now
consider the two economies without age policies (the last two lines) with and
without endogenous search efforts. The contribution of the firms’ behavior

goes up to more than 70%.

4 Efficient Job Creation and Job Destruction
over the Life Cycle

Our model precisely highlights economic rationales sustaining age discrimi-
nation: there is less time over which to recoup creation costs and temporary
negative productivity shocks for older workers. A laissez-faire equilibrium
is then typically featured by job creation (destruction) rates decreasing (in-
creasing) with age. Hence, there is age “discrimination” against older workers
at the equilibrium. In some countries, policies have been implemented to
sustain the demand for older workers. If the previous section has questioned
their efficiency, their optimality is still an open question. This section is

devoted to the analysis of this issue.

4.1 On the Optimality of Age Discrimination

We first wonder to what extent the [aissez-faire equilibrium is optimal. We
precisely show that the Hosios condition leads to equilibrium efficiency. In
this particular case, the discrimination against the older workers is optimal.
The intuition of the result is simple: a central planner maximising social
welfare will allocate fewer resources to the hiring and the labor-hoarding of
older workers, as the same phenomenon as in the decentralized equilibrium is
at work: a short horizon makes less efficient any investments in older worker
employment.

In line with the analysis of Pissarides [2000] with infinite-lived agents,
we derive the optimal steady-state allocation by maximizing the sum of dis-
counted output flows net of recruiting costs for a new entrant generation.

7

This is done over the life cycle of workers!”. In addition, since generations

Tt is possible to show that it is equivalent to maximizing the expected gain of unem-
ployed workers.
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are independent of each other, doing this maximization for each one would
lead to the same result.

The planner’s problem is stated as:

max Zﬁz (yz [b — lef] c@iui@) (14)

(R} A0eidi s

under the constraints:

U1 = G(Riy1)(1—w) +u; (1 — e;p(6;)) (15)
Yir1 = uieip(0;)1+ (1 — ;) /R edG(€) (16)

where y; is the average output.

Proposition 7. Let n(6;) = —0:q'(0;)/q(0;) and G(€) = ¢, the efficient allo-

cation exists and it is characterized by a sequence { R}, 07} solving:

q(gi*) = (- (9*))( Rz*+1) (JC™)
Ry = b+%<1n(n€9)* c&*) — B[l [1-G)de (JD*)

7+1

with terminal conditions Ry_; = b and 65._, = 0.

Proof. See Appendix D.10. O]

29
P

Property 9. Let n(07) =1—1 Vi and G(e) = ¢, if 1> (1 — ) (%) =¢
then the efficient allocation verifies Ry, ; > Ry and 07, < 07 Vi.

Proof. Let substitute 1 — v by ¢ in proof of property 3, and the proof is
straightforward. O]

These results therefore suggest that it is socially efficient to discriminate
against older workers by providing them with a lower probability of hiring
and a higher probability of firing.

Property 10. Let n(0F) =1 —1), if y =1 —1 then R; = R} et 0; = 07 Vi.

Proof. The proof is straightforward by substituting ¢ by 1 —+ in Proposition
7 and by comparing with Proposition 2. ]
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As in Mortensen and Pissarides [1994], the equilibrium is in general not
optimal. This is only in the case of the Hosios condition (Property 10). It is
easy to show that a competitive job-search equilibrium a la Moen [1997] is
also able to generate the socially optimal match surplus sharing rule charac-
terized by the Hosios condition (proof available upon request). Our life cycle

economy indeed does not introduce any additional source of externalities.

4.2 Optimal Age-Dependent Firing Costs and Hiring
Subsidies

It is well-known that the existence of unemployment benefits distorts the
laisser-faire equilibrium and legitimates the implementation of firing cost
and hiring subsidy policies (Mortensen and Pissarides (1999)). We show in
this section that the first best allocation can also be recovered in our life cycle
setting by such policies, but only on condition that they are age-dependent.

Overall, we show that the age profile of hiring subsidies and firing taxes is
crucially related to the value of the worker’s bargaining power and the level

of unemployment benefits. The intuition of these results is the following:

e Firstly, high unemployment benefits increase the labor cost and then
reduce the incentives for firms to hire workers. Nevertheless the reduc-
tion of the labor demand is not the same at each age. Indeed, for an
older worker, the firm only pays the tax introduced by the UB during a
short period. On the other hand, for a younger worker, the firm antic-
ipates paying this tax for a longer period. In this case the comparative
advantage of the younger worker becomes a handicap. In order to re-
store the efficient allocation, firing taxes and hiring subsidies typically

must decrease with age.

e Secondly, if the bargaining power of the workers is too low relatively to
its optimal value, firms over-invest in the process of hiring the younger
workers. Because of congestion effects, the rotation costs are higher
than their optimal value. In order to restore the first-best allocation,

firing taxes and hiring subsidies typically must increase with age.
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By comparing the equilibrium allocation with the first best one, it is

possible to feature the first best policies.

Proposition 8. Let n(0;) = —0,q'(0;)/q(0;) = 1—1), assume a given sequence
for unemployment benefits {z;}, the optimal labor market policy is a sequence
{H}, EFr} solving:

H*

*
i+1 F,

- |:7 B (1 — w> ¢ (17)

(1=7)¢ } B ()
)

with boundary conditions Hy_| = F7_| = zp_1, and where 07 is given by the
solution of the dynamical system (JC*)-(JD*).

FY = 2+ BF, +

Proof. The proof is straightforward by allowing H; and Fj in (JC,,) and
(JDpoi) to be consistent with (JC*) and (JD*). O

To understand the policy implications of this proposition, we disentangle
the role played by each distortion, either related to unemployment benefits
or search externalities. The two following corollaries deal successively with

these two sources of distortions and their respective implications on policy.

Corollary 6. Let n(6;) = —0;¢'(6;)/q(0;) = 1 — 1, assume v = 1 — ¢ and
take z; = z Vi as given, the age dynamics of hiring subsidies and firing tazes
s characterized by F; > F;o1 > 2z and H; > H;vq > 2.

Proof. The proof is straightforward by considering v = 1 — ¢/ in Proposition
8. O

Assuming v = 1 — 9 (job-search externalities are internalized), we are fo-
cusing on the policy implications of the distortions related to unemployment
compensations.

Why does the firing tax decrease with worker’s age? Let us first consider
a job with a worker of age T" — 1. Correcting for an excessive wage implies
Fr_1 = z. With a worker of age 7" — 2, not only z but also Fpr_; must

be internalized: both z, by increasing the wage, and Fp_; by reducing the
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value of labor-hoarding are found to increase R;. Accordingly, Fr_o > Fr_;.
By backward induction, it thus appears that F} = zz;‘.r:_ol_i (37 the firing
tax internalizes the sum of discounted unemployment benefits until the exit
from the labor market.'® Hiring subsidies are then introduced to avoid the
distortion induced by termination costs, H; = F; Vi.

If we allow for some exogenous heterogeneity in unemployment benefits,
that is z; # 2,41, we have I = z; + BF}, ;. Then, if z; > 2,4, it is straight-
forward to see that the optimal age profile of firing taxes is still decreasing
with age, F;* > F; ;. On the contrary, if z; < 2z;1; it can be the case that
the optimal employment protection for older workers who benefit from high

unemployment compensations is higher than for the younger.

Corollary 7. Assume z; = 0 Vi and Proposition 7 is satisfied, the age

dependence of hiring subsidies and firing taxes is characterized by:
ify>1—1, then Hf>H7, >0 and F} > F}, >0.

if v <1—1p, then H < Hf ;<0 and F} <Fy,<0.

Proof. Imposing 67, < 07 from Proposition 7 into proposition 8, the proof

is straightforward. ]

If v > 1 — %, the worker’s bargaining power is higher than its efficient
value. This implies that equilibrium wages are higher than required by the
optimum. Consequently, there are not enough vacancies at the equilibrium.
Hiring subsidies have to be introduced in order to be consistent with 6, = ;.
But at the same time, the large value of v together with hiring subsidies are
responsible for an excessive rate of job destruction: =cf; (from (JDpu))
> %c@i* (from (JD*)). This requires a positive tax on firings. Until now, the
same results would have been obtained in a Mortensen-Pissarides economy
with infinite life horizon.

Our additional point is that the size of the distortions related to v # 1—1

is decreasing with a worker’s age. This is due to 6; > 6,1, which indicates

I81f it was assumed that agents have an infinite life horizon on the labor market, as in
Mortensen-Pissarides (T — o), it would be straightforward to see that F; = z/(1—3) Vi.
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that the wage incidence of v is as smaller the older the worker. Ultimately,
even if v > 1 —1, we have Fr_y = Hy_1 = 0 (for z = 0). Consistently, when
v > 1—1, we find at optimal to reduce the size of employment protection
and the amount of hiring subsidies as a worker’s age increases.

In turn, when v < 1—1), equilibrium wages are not high enough so that it
is optimal to tax hirings and simultaneously encourage firings. For the same
reason as before, distortions being lower for older workers, hiring taxes and

firing subsidies are optimally increasing with a worker’s age.’

Overall, the age dynamics of firing taxes and hiring subsidies depend both
on the value of unemployment benefits and on worker bargaining power. In
particular, even though v < 1 — %, it can be the case that F; > F;,; if the
value of z is high enough to have equilibrium wages higher than their efficient
value. In other words, higher unemployment benefits make a decreasing
profile of hiring subsidies and firing taxes by age more likely. On the contrary,
if v and z are low enough, the dynamics are reversed. Interestingly, this can
easily be formally stated by considering the case § — 1.

Corollary 8. Let n(0;) = —0:q'(0;)/q(0;) = 1—1), assume  — 1, v < 1—1),
z; = 2z Y1 and property 9 is satisfied, then

z >z is a sufficient condition for F; > F,.1 > 2z and H; > H;yq1 > 2,

z < 2 s a sufficient condition for F; < Fii1 <z and H; < Hiy1 < z.

o= (5= (25) ][22 = () () ] 5

Proof. See Appendix D.11.2°

U

These results should provide important insights on the optimal age-pattern
of employment protection and hiring subsidies in OECD countries. In An-

glosaxon countries with low unemployment benefits, the shape of the firing

19Lastly, it is worth emphasizing that if we had assigned an efficiency motive to un-
employment benefits by removing redistributive considerations, it is straightforward to
see from Proposition 8 that for F; = 0 Vi and v > 1 -, zf < 27, < 0, whereas if
y<1—19, 2F>z7,>0.

20Tf v < 1— and z € [2, ], the age dynamics of H; and F; are typically non-monotonous
(first increasing and then decreasing).
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tax should be increasing, whereas the revers should hold in European coun-

tries such as in France.

4.3 The Role of Legislation Prohibiting Age Discrimi-
nation

As emphasized above, some OECD countries have more or less recently
adopted a law to prohibit age discrimination. Despite its effectiveness being
still controversial, it is of primary interest to examine whether this labor
market policy is welfare-improving or not. Interestingly, our answer is again
that it depends on the level of unemployment benefits.

Of course, this law cannot be a first best policy?!. However, in a second
best world, where job-search externalities are not internalized or unemploy-
ment benefits are paid to unemployed workers, prohibiting age discrimination
can be optimal.

0.04 T

Figure 6: Welfare gain from age discrimination legislation

Welfare gap (Wnd-Wd)

~0.02 I I I I I
0.2 0.25 0.3 0.35 0.4 0.45 0.5
Unemployment benefits (z)

It is quite intuitive that the optimality of the law prohibiting age dis-

crimination depends on the level of unemployment benefits. Indeed, when

21 This can be easily demonstrated. The program of the social planner when age dis-
crimination is prohibited incorporates a supplementary constraint, 6; = 6.
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unemployment benefits are high, wages are higher than required by the effi-
ciency, so that employment rates are too low. The legislation is then counter-
productive, since it gives more weight to less profitable workers (the older
ones). On the other hand, when employment is too high (too much rotation),
the legislation which reduces the expected gain from hirings is now welfare
improving. Since no analytical results can be derived to state this point, we
run some simulations of the dynamic system defined by Proposition 6 (the
same parameters as detailed in the calibration of the French economy). The
results are illustrated in Figure 6.22

This suggests that when unemployment benefits are high, adopting a leg-
islation prohibiting age-discrimination is welfare-degrading. This result calls
into question the adoption of this legislation in some European economies

such as France.

5 Conclusion

This paper puts the emphasis on a life cycle view of the labor market, both
for understanding supply and demand characteristics, and for implementing
welfare-improving policies. We first incorporate life-cycle features into the
job creation - job destruction approach to the labor market. The equilibrium
is typically featured by increasing (decreasing) firing (hiring) rates with age,
and an hump-shaped age-dynamics of employment. In that context, we find
that firing taxes and unemployment benefits introduce a bias in favor of older

workers.

22To compare equilibrium welfare with and without directed job-search we use the fol-
lowing definitions, respectively:

T-1
Wt = 3By + bu — o)
i=1
T-1
wrd = Z I (yzld + bul? — c@"‘iuf)

i=1
where subscripts d and nd stand for the equilibrium with age discrimination (benchmark)
and without age discrimination, respectively. In order to capture only the impact of a

constant hiring rate implied by the age discrimination law on the labor market dynamics,
we assume that the job-search effort is constant over the life-cycle.
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The empirical plausibility of the model is assessed on French data by
incorporating existing age-specific labor market policies. We show the pri-
mary role played by the retirement date in accounting for the observed fall
in the older worker employment rate. This result relies neither on retirement
programs nor on declines in productivity. It simply refers to the expected
distance from retirement, that determines the expected duration of jobs and,
in turn, both firms and workers’ forward-looking strategies at the end of the
working life.

Lastly, we emphasize that the optimal age profile of older worker policies
should sharply differ among countries, according to differences in unemploy-
ment benefit institutions. While in a US-type economy hiring subsidies and
firing taxes should be more favorable to older workers, the reverse holds true
in European countries with high unemployment compensation. This clearly
calls into question the optimality of higher employment protection for older
workers and age discrimination legislation adopted in some European coun-
tries.

Several interesting aspects of a life cycle approach to the labor market
have not been addressed in this paper. Our benchmark could also provide
interesting insights to explain younger workers’ employment from a quanti-
tative standpoint. But it would imply modeling the specificities of the labor
market at the first stages of the life cycle, for instance the imperfect infor-
mation on the productive characteristics of younger workers. This line of
research has, for instance, been examined by Pries and Rogerson [2005] in
an infinite-lived agents context. Finally, the long run impact of the increas-
ing weight of older workers in the labor force could be also addressed in our

framework. All these topics are left for further research.
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A Extended Model with Endogenous Search Ef-
fort and Human Capital Accumulation

This section describes an extended version of our benchmark model that
allows both for endogenous job-search effort and general human capital ac-

cumulation. Our objective is twofold:

e It is first to examine the robustness of our results with respect to the

introduction of job-search effort.

e It is then to show that a basic incorporation of human capital accumu-
lation reconciles the model with the hump-shaped profile of wages over

the life cycle.

The matching function that gives the number of hirings, M (v;, €;u;), now
includes the average job-search effort €;. Accordingly, labor market tightness
is defined as 0; = v;/[e;u;], so that the probability for unemployed workers to

meet a vacancy is e;p(0;) = ezw and the probability for a firm to fill a

i Ui
: M (vieius
vacancy is ¢(6;) = (”Uf ui).

Let us consider some general preferences for the opportunity cost of em-
ployment and the search effort, ¢(b;, ¢;),?® the value of the unemployed posi-

tion writes as:
U = max {¢(bi, e;) + G [eip(0:) Wia (1) + (1 — ep(0:)) Ui 1]}

with ¢] > 0, ¢4, < 0 and ¢] < 0, ¢5 > 0. The optimal job-search effort

decision rule then solves:

—925/2(51', €z‘) = 613(91') [Wz’ﬂ(l) - Ui+1] (19)

General human capital accumulation over the life cycle is for further sim-

plicity assumed to continuously increase with age, whatever the worker’s

62

23In the main text we consider a simpler specification, ¢(b;,e;) = b; — 5
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status on the labor market (either employed or unemployed).?* Firms’ value

functions are now defined by:

Vi = —ci+B1q(0:)Jiv1(1) + (1 — q(6:)) V]

where h; reflects upon the productivity impact of human capital for a worker
of age i. ¢; is the recruiting cost which eventually depends on the worker’s

age due to different levels in human capital levels (see hereafter).

In that context, the wage bargaining (see Appendix C for more details)

solves:

Before turning to the equilibrium definition, one must provide some assump-
tions on laws of motion for human capital, recruiting costs and opportunity
costs of employment. In a way consistent with an infinite-lived agents match-
ing model with growth (see Pissarides [2000]), we consider a deterministic
trend on human capital, and that recruiting costs and workers’ reservation
wage are indexed to this trend:

hiyi = (14 p)h
c;, = Chi

¢(bz’, Gz’) = hi¢(ba 62‘)

with ¢ > 0, a given initial condition h; = 1 and some positive parameters
c,b>0.

24 A useful extension of this model would be to allow for some depreciation in human
capital skill with periods of unemployment. Currently, our goal is primarily to show that
human capital accumulation provides an opposite force to the age-horizon on the age
dynamics of wages.
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Proposition 9. A labor market equilibrium with wage bargaining, general
human capital accumulation and endogenous search effort exists and it is

characterized by a sequence {R;,0;} solving:

q(gl) = 6(1 + :u)(l - 7)(1 - RiJrl) (JC’eff)
B = 0(0,0(6)) + (1) cthes — B+ 1) [ [1 = G(a)ldz (JDeyy)
with terminal conditions r—1 = 0 and Rr—; = ¢(b,0), and where ®(0;) =
03" (5¢6:).

Proof. Similar to the proof of Proposition 2, but by making in addition use
of the fact that —quQ(bZ, 62‘) = ﬁp(@l) [Wl_:,_l(l) — ui-i—l] = 1”_61/91 which implies
e = — 'y (b Lc&) = &(0,). O

A

If © = 0, it is then possible to derive the Corollary 3 in the main text
(see appendix D.6). This corollary demonstrates the positive role of the job-
search effort in explaining the increase (decrease) of firings (hirings) with
age.

Turning to the influence of human capital accumulation on equilibrium
wages, let us remove the endogenous search effort. The equilibrium wage

bargaining is:

wi(€) = hi [(1 — )b+ (e + cb;)]

Since h; is increasing with age whereas 6; > 6,1, according to the value of

1, the age dynamics profile of wages is typically hump-shaped.

B Benchmark Model with Labor Market Pol-
icy

Let us denote H; a lump sum paid to the employer when a new worker of
age ¢ is hired, F; the firing cost and z; the unemployment benefits. We follow
MP by considering that the wage structure that arises as a Nash bargaining
solution has two tiers. The first tier wage reflects the fact that hiring subsidy
is directly relevant to the decision to accept a match and that the possibility

of incurring firing costs in the future affects the value the employer places

48



on the match. In turn, the second tier wage applies when firing costs are
directly relevant to a continuation decision.
Let the subscript ¢ = 0 index the initial wage and the value of a job under

the terms of the two-tier contract, firms’ value functions solve:

Vi = —c+Bq(0:) [T + Hipa] + 6(1 = q(6,)Vi

1
B 1=ul 8 [ @) + H6(R) [max{Vi) - P
Ri11 ¢
1
R v
The optimal firing decision rule now solves:
Ji(Ri) = —F;

Adding the free entry condition, V; = 0, it emerges that labor market tight-

ness and productivity threshold are derived from the following two equations:
c

q(0;)
R, = w(R)—-F—-p {/ Jiy1(2)dG(z) — G(Rip1)Fisa | (22)

Rit1

= B[J)q + Hi] (21)

Let us now examine the derivation of the two-tier wage structure. The lat-
ter is characterized by the following two sharing rules (as a result of Nash

bargaining):

Wi(e) = U; g [Jz'(E) — (max{Vi} — F}) +Wi(e) — Uz‘] = w;(e) (24)

so that the equations for the initial and subsequent wage bargaining are (see
Appendix C.2 for details):

wg = (L=7)(b+2z)+7 1+l + H — BFp1) (25)
wie) = (1=7)(b+2)+7(e+ b+ F — Fi) (26)
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The derivation of (JCpy) and (JD,y) is then straightforward by noticing
that J/, () = 1—~ and J;(R;) = —F; implies that J;(¢) = (1—7)(1-R;)— F;,
and similarly making use of the fact that J? = J? — J;(R;) — F..

C Wage Equations Derivations

C.1 Wage Bargaining in a “Laissez-Fuaire” Equilibrium

Let first consider the derivation of the wage equation in a “Laissez-Faire”
equilibrium with both endogenous job-search effort and human capital accu-
mulation.

The sharing rule (7) can take the form:

—(L=yU; = ~v[Ji(e) + Wi(e)] = Wile) (27)

>From value functions (3),(5) and (6), it turns out to be that:
1

vIJile) + Wile)] = Wile) = yhie — wi(e) + 75/ [Jis1(z) + Wit (2)] dG(2)
41

- /RH—I Wii1(2)dG(z)
—(1 = 7)BG(Ris1)Uisa (28)

Similarly,

3 /R_ [Jiy1(2) + Wi (2)]dG(z) = 75/ [Jiv1(z) + Wii(2) — Uiyr] dG ()
+’Yﬁ 1 - (Rz+1)]ui+1
ﬁ/RM Win(2)dG(x) = 5/l+1 iv1(x) — U] dG ()
+0[1 = G(Rit1) Uit

Since (7) holds for each age:

V3 [Jix1(z) + Wi (x) — U] dG(z) = 3 Wisi(x) — U] dG(2)

Rl‘+1 Ri+1

so that (28) can be written as:
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v [Ji(€) + Wile)] = Wile) = vhie —wi(e) — (1 — ) Ui (29)

In turn, the unemployed value (6) is:

Uy = ¢(bi,e;) + Blep(0;) Wirr (1) — Uira) + Uiy

= 0(be0) + B (BT Tra(1) + Usny

From the free entry, it derives:

Civ; Gi
(1) = =
Jiy1(1) BM (euz,vi) — q(6;)

so that since p(6;) = M (€;u;,v;)/[€;u;] and e; = €; in equilibrium, we have:

(I =U: = (1 =7)9(bi, ) + ycieidi + (1 — ) Uiy (30)
Let substitute for (29) and (30) in (27), we find:

— (1 =7)d(bi, e:) — yeieity — (1 — 7)BUiv1 = vhie — wie) — B(1 — 7)Uiys

This lastly leads to the following wage equation:

w;(€) = hi [(1—7)@(b, e;) + 7 (e + ceit;)]

Abstracting from the endogenous job-search effort and human capital accu-

mulation, it is straightforward to get the equation (8).

C.2 Wage Bargaining with Labor Market Policy

For further simplicity, let us assume h;.; = h; = 1. Under this assumption,

we derive the two-tier wage structure.

The sharing rule (23) first can be written as:

—H; — (1= = v [J)+Wi(1)] = W;(1) (31)
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Following the same derivation strategy as for the case without policy, we find
that:

Y[R +AW)] =Wi(1) = 1 —w) = (1 —7)Uis —v8Fia (32)
(I=U = (1 =7)p(b,e;) +veeidi + (1 — ) BUiy1 (33)

Substituting out for (32) and (33) in (31), it emerges that the initial wage

solves:

wio =1 —=7)p(b,e;) +v(1+ceb; + Hi — BFiyq)

Similarly, the sharing rule (24) can be written as:

—vF = (L =NU = 7[Ji(e) + Wile)] = Wi(e) (34)
This in turn leads to the following wage equation:

wi(€) = (1 —v)p(b,e;) + v (e + ceby + F; — BFiiq)

C.3 Wage Bargaining with Age-Discrimination Legisla-
tion

From the equation (10)-(11)-(12)-(13) and the free-entry condition, it is
possible to show that the total surplus related to the job match, S;(e)
Ji(e) =V + W;(e) — U; solves

5.(6) = €= b=z = BpO) W) =U) +5 | S (@)dG(o)

In addition, since the sharing rule can be stated both as 7.5;(¢) = W;(e) —U;
and (1 —7)S;(e) = J;(¢€), it emerges that:

Ji(e) = (1—7)[6—6—2—619(9)(1/\/@“(1)—U¢+1)]+5/R_ Jiv1(2)dG(z) (35)

This entails J/(¢) = 1 — =, hence J;(¢) = (1 —v)(e — R;) and W;(e) — U; =
v(e — R;). It is then straightforward to derive from the sharing rule the

following wage equation:
wi(€) =ve+ (1 =7)(b+2) +v(1 = 7)Bp(0)(1 — Risa)

22



In turn, the job destruction rule solves S;(R;) = 0,

1
RBi=b+ 2+ Byp(0)(1 — Ris) — /R o RinldG()

D Proofs of propositions, properties and corol-
laries

D.1 Proof of proposition 1

For 7 = 0, the differentiation of (3) with respect to €, implies that J!(e¢) =
1 Vi. Since J;(R;) = 0, the value of a filled job verifies J;(¢) = ¢ — R;. The

equation (2) can be written as:

(0, = B(1 = Riy1)

This gives immediately (JCpartiairg). Since by integrating by parts f;_ﬂ Jiv1(2)dG(x) =
S, J @ [1=G(@)]dz = [ [1=G(x)]dz and V; = 0 Vi (free entry condi-
tion), it is straightforward to see that the equation (4) verifies (J D partiaiig)-

D.2 Proof of property 1

The proof is straightforward. Making use of (JDpartiairg), we indeed obtain:

Rry =0
1
RT,Q = b— ﬁ [1 — G($)]dl’ S RT,1
Rt
1
RT_3 = b— ﬁ [1 - G(x)]dw S RT_2
Rp_o

As can be seen in (JCpartiairg), ¢i depends negatively on R;.;, and it turns
out that 9“,1 S HZ V.

D.3 Proof of proposition 2

By differentiating (3) with respect to ¢, it emerges that J/(e) = 1 — Vi.
Since J;(R;) = 0, the value of a filled job verifies J;(¢) = (1 — ) (e — R;).
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The equation (2) can then be written in order to determine the sequence of
0; as an expression of R; (equation (JC)). Moreover, by combining the wage
equation (8) and the equation (4), and integrating by parts as in proof of
proposition 1, one gets the equation (JD) describing the age profile of R;.

D.4 Proof of property 2

If #Izl > 0 [condition (C1)] and R; < b |condition (C2)| the solution to the
dynamical equation (9) necessarily verifies R;;; > R;. Given the definition
of (JC) and ¢'(0;) <0, it then comes that 6;; < 6;.

Making use of (9), we have:

dR; v B(1—7)]T7 2y=1

R >() <— 1> (1 —¢) [ . } (1—=Rip1) =% (36)
Y

Ri—b<0 < 1>2y {M} = Ry (37)

If ¢ > 1/2, evaluating (36) for R,;; = 0 is sufficient to insure that both
conditions (C1) and (C2) hold simultaneously. On the contrary, if ¢ < 1/2,
evaluating (37) for max{R;} = b implies that (C1) and (C2) hold.

D.5 Proof of proposition 3

Similar to proof of proposition 2, but by making in addition use of the fact
that:

ei = Bp(0) Wi (1) — U]

S S (38)

I—x

Since the wage solves in that case the equation (20) for ¢(b;,e;) = b — %,
combine this wage equation with (38) and plug into (4) we get (JD.sf). Proof
of (JCeyy) is straightforward.
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D.6 Proof of property 3

Following the same procedure as for the proof of Property 2, we now find
that conditions (C1) and (C2) are (from Proposition 3):

2y
dR; 72 Bl —~)\ 7 29
> = > — R. i

R —b<0 < 1>p+? (M)w(l—&ﬂ)% (40)

It is thus obvious that the condition (39) is more stringent than condition
(40) whatever the value of ¥. Evaluating the former condition with R, = 0,

one gets the sufficient condition reported in the main text.

D.7 Proof of property 4

Let us denote W(R;y1,6;) = %. By definition, %:1’9") > 0 and
%9‘:1’9” < 0. For 0;4; < 0; and R;;1; > R; (property 2), it thus appears
that W(R;y1,0;) < V(Riy2,0;41) Vi

Let us first reason by contradiction by assuming u; < W(Ry,6;). Since
U(Riy1,0;) < VU(R;2,0;11) this necessarily implies us < u;. In turn since
U(Ry,01) < VU(R3,0), we have ug < ug, and VU(R3,0s) < VU(Ry4,03)... This
shows that in that case we would have n;.1 < n; Vi.

On the contrary, since by definition u; = 1 > W¥(Ry,0;), we have that

ng > ny. Y(Riy1,0;) < W(Rii2,0;1+1) Vithen insures that there exists an age
RT+1

T which verifies UT = GR~, ) tp0)
T+1 T

, and so that nsp, | < ng.

D.8 Proof of property 5

The equation (8) gives the wage at age ¢ for a productivity level e. Then
the wage gap by age, at the level of the productivity reservation by age is
given by the difference of the equation (8) for age i + 1 and age ¢, for the
productivity R;yq1, R;:

Wip1(Riv1) — wi(Ri) = Y[(Riy1 — Ri) + (01 — 03)]
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Let substitute out from R;;; (R;) as a function of 6;; (6;) according to

proposition 2 under the parameter restriction ¥ = 1/2 and G(e) = ¢, we

find:
c c

=155 [ g 0

Then wi+1(Ri+1) — wz(RZ) >0if 1 — m < 0 because 0i+1 — Qz < 0.

Wiy1(Rip1) — wi(Ry)

D.9 Proofs of properties 7 and 8

From proposition 4 and corollary 4, let consider M(v,u) = vYu!~% with
1 =1/2 and G(€) = ¢, it comes:

dR; = dz — [1—B+M(1—RH1—F)} dF

+BdR; 1y [1—Ri+1—w(1—3¢+1—fj)}
dRr_y = dz—dF
dR = dz—{l—ﬁJrM(l—R—F)}dF
+ﬁdR{1—R—mc_7)(1—R—F)}

Let examine the impact of firing cost, we have:

dRr—

= -1

dF

dR 1— g+ 20021 R F) N
dF 1-3+ 20020 R F)+8R

so that we have d%%‘l < ‘fl’;i < % — % < 0. Tt can be noticed that when

d
B=1landy=0,4%=0

Similarly, the incidence of unemployment benefits is derived from:

dRr_y
=1
dz
dR 1
— = PRy > 1 from corollary 5.
dz 1-8(1—-R)+=2=2=(1—-R—F)
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dRy_ .
so that we have 0 < 22L=t < dfi  dRy _, dR
dz dz dz dz

Lastly, from corollary 5, it is straightforward to see that:

do; _ _Mgz/) - dR; iy
ar c(1—) dF
ar c(1—) dF
d_ei _ _5(1 - 7)91/; dR; 1
dz c(1—v) " dz
6 = _Mgwd_
Taking into consideration ‘g}i < % < 0and 0 < % < %7 as well as
0 > 0,, it comes that 9% > 2 anq P > 46,

D.10 Proof of proposition 7

Let us denote \; and p; the Lagrange multiplier associated with constraints
(15) and (16), optimal decision rules with respect to R;1,6; and u;,y; are
respectively given by:

Ai = iR
Be = (u—X)p'(6;)
Biei+ct) = p(0;) (i — N)

1
+ 14 [elp(@) — /R 6dG(€)}
Hi = ﬁ”l h

It is then possible to derive the following expression of the productivity
threshold:

€ip(9i)
P (6:)

1
Ri =b-— %612 — chei — B/ EdG(E) +c + BRZJrl(l — G(RZ+1))
Ry
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. - N0, i i - p(0:) | =
Let us remark that c6; + e¢; = cp(60;)/p'(0;) implies e; = ¢ [p( } =

iy <smcep< >/p'< ) = o )and BRi1(1=G(Risa)) = [, , edGi(c
—f fR L, (6= Riy1)dG(e fR )|dx, one gets (JD*) The der1vat1on
of (J C’*) is stralghtforward from the optlmahty conditions of the planner’s

problem.

D.11 Proof of corollary 8

From proposition 8, we have that the optimal age profile of firings solve for

86— 1:
2 2
N R R el CA N R
Fi_F"“‘[(l—) (5 )]2(691)
Accordingly, from (JC*) since 6; < [%]ﬁ Vi, z > {(%)2 — <ﬁ>2] % [%]ﬁ

insures that F; > F;y. In turn, since for i € [1,T7 — 2|, 6; > [M} m, it

(]

2
1—
emerges that z < {(—w) T 5 -

2 _2
— (L) } Cal [M} " insures that F; < Fi 1.
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