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Abstract

In this paper we examine the consequences of a decrease in exits
of older workers on youth employment at a local labor market level,
to allow for job-to-job flows. For our empirical study based on Italian
matched employer-employee data, we use matching methods adjusting
our observations with the generalized propensity score. We show that
for the period 1988-1989 in Italy, the higher the decrease in the exit
rate of older workers the lower the hiring rate of young workers, in
a given local labor market. Then, we explain our findings using a
theoretical matching model with heterogenous jobs and workers. We
point out that a fall in the exit rate of older workers increases job-to-
job flows, which makes firms more reluctant to open jobs for young
workers.
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1 Introduction

Over the last three decades, the most of European countries experienced an
ageing of their population and a fall in the labor force participation of older
workers. In the face of steadily increasing dependency rates, some countries
raised their legal retirement age to balance the budget of their pay-as-you-go
retirement schemes. However, the efficiency of such a policy option depends
strongly on its impact on the hiring rate and employment among every age
group of workers and particularly the young workers.

At first sight, we can think that an increase in legal retirement age,
encouraging firms to maintain their ageing workforce, could slowdown the
dynamics of new hirings, if firms were expected to squeeze out their older
workers and to replace them by new young workers. However, this simplistic
idea, that led to the creation of early retirement schemes, has been severely
criticized over the past ten years. First, Bozio (2006) argues that young and
older workers may be imperfectly substitutable in the labor market. Con-
sequently, once an older worker retires, his job can not be filled by a young
worker. We can discuss about what makes these two cohorts of workers im-
perfectly substitutable. Cadiou et al. (2002) highlight the fact that the low
job finding rates among young workers and among older workers are not of
the same nature. While the low hiring rate of senior workers is due to the fact
that they are close to the retirement age!, the low job finding rate for young
workers stems from their lack of experience. Consequently, they can not fill a
job requiring some professional experience to replace an older worker retired.

However, even though the two sorts of jobs for the young and the old
generation of workers differ greatly in the set of skill and experience require-
ments, a reduction in exits of older workers after an increase in the retirement
age may have a negative impact on the hiring rate of young workers through
a vacancy-chain effect (Contini and Revelli, 1997). The idea is the following:
if we consider within a local labor market?, that a vacancy opens up when an
older worker leaves his job, there is a non-negative probability that it will be
filled by an employed job-seeker (attracted by better opportunities or higher
wage), who accumulated a sufficient level of experience to replace the older
worker and whose job requires less professional experience. Therefore, after

See also Chéron et al. (2007) for this question
2A local labour market is a group of firms belonging to the same sector of activity,
located in the same area and whose jobs require the same educational level



this job-to job flow, a new vacancy opens up and may be filled by another
young employed job-seeker, involving again job-to-job flows, that may result
finally in hiring a young worker from out of the local labor market.

Second, Layard, et al. (1991) argue that the idea of a negative relation
between youth employment and participation of older workers may stem from
a lump-of-labor fallacy. Indeed, job creation is expected to be affected by
a change in the exit rate of older workers, so we can not view the number
of jobs in the economy as a fixed stock. Consequently, to predict the effect
of delaying retirement on youth employment, we have to better grasp the
impact of this reform on job creation over the life cycle. Using a theoretical
matching model with endogenous destruction "a la" Mortensen-Pissarides
(1994), Chéron et al. (2007) point out that there exists a positive relation
between the distance from retirement age and the hiring rate. This result
implies that postponing retirement has a positive horizon effect on the hiring
rate of each group of workers, including the young workers. Nevertheless,
while it is clear that the distance from retirement strongly affects job finding
rates of older workers, it is less straightforward that it plays a significative
role in the determination of job opportunities for young workers.

The relation between the labor force participation of older workers and
the youth employment has also been considered empirically in a macroeco-
nomic perspective. Such a study raises an empirical issue. Indeed, the em-
ployment rate among older workers has been severely affected by early re-
tirement schemes, that have been implemented in a setting of mass youth
unemployment. Consequently, the labor force participation of older workers
is an endogenous variable that presents a simultaneity bias. To address this
empirical issue, some recent studies use an instrumental variables approach.
First, they compute a measure of the inducement to retire, in accordance
with the previous literature on individual retirement incentives (Gruber and
Wise, 1998). They determine the Social Security Wealth, the flows of dis-
counted pension benefits expected by an agent who retires at a certain age.
They compute this measure for three main exit paths, unemployment com-
pensation early retirement and normal retirement age and for each age and
year cells and they aggregate these measures into one indicator of global in-
centive towards early retirement. Then in a second step, after having checked
whether the inducement to retire has a strong negative effect on elderly labor
force participation or not, they estimate the impact of this measure on youth
employment.

Using French data, Bozio et al. (2008) show that the inducement to
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retire has a negative causal impact on employment and unemployment rates
among workers aged 20-29 years. They explain their findings showing that a
larger inducement to retire translates into a high schooling rate of the young.
Using the same approach in the Belgium case, Jousten et al. (2009) provide
empirical evidence of a negative causal effect of the incentives towards early
retirement on youth employment rate and on schooling rate. Nevertheless,
it has no causal effect on youth unemployment.

While the relation between elderly labor force participation and job op-
portunities for young workers has been studied at a country-level, too few
papers deal with this issue in a microeconomic perspective. However, as
worker and job flows are strongly affected by firm-specific variables (Davis
and Haltiwanger, 1999), it is interesting to examine the effect of a slowdown
in exits of older workers on the hiring rate of young workers at the firm-level,
controling for all regressors that may affect job creation.

However, such a study also raises an empirical issue due to the endogene-
ity of the variable of interest. To address this issue, Portugal et al. (2009)
investigate the effect of a decrease in the exit rate of elderly, due to an increase
in the legal retirement age for women, on worker flows of different age groups,
using detailed matched employer-employee Portuguese data. Their empiri-
cal methodology lies on a quasi-experiment given the fact that only women
have been affected by the retirement reform. Using a difference-in-difference
matching method (Heckman, 1997), they show that firms employing women
treated by the reform hire one to two fewer workers for each senior retained
after the increase in legal retirement age and this decrease in the hiring rate
is particularly strong for younger workers.

Our paper is close to the spirit of their study. Indeed, our goal is to
examine the effect of a fall in the exit rate of older workers on the hiring
rate of young workers, using Italian matched employer-employee data from
the Worker Histories Italian Panel and considering the period 1988-1989.
Nevertheless, our paper differs from the study of Portugal et al. for two
reasons: first, we do not consider firms but rather local labor markets, using
a synthetic-firm approach to account for job-to-job flows, that represent the
starting point of the vacancy-chain theory. Second we do not exploit a quasi-
experiment. We examine the period 1988-1989 given the fact that after 1990,
the Italian labor market has been severely affected by changes in employment
legislation (Kugler and Pica, 2008), then it has been hit by a severe recession
and after 1997, job creation has been strongly influenced by the introduction
of temporary contracts and of other atypical contracts by the Treu reform,
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making the Italian labor market more flexible (Sciulli, 2006). So, we choose
to study the period 1988-1989 to be able to isolate the effect on hirings of
young workers due to a fall in exits of older workers from effects due to other
institutional effects or to economic fluctuations. However, we are faced with
a selection bias, in the sense that local labor markets with different exit rates
of elderly may also differ in their characteristics likely to affect the accession
rate of young workers.

In the empirical part of the paper, we proceed in two steps. In a first
step, we view a fall in the exit rate of older workers as a binary treatment
and we examine the average effect of the treatment on the treated, using
a difference-in-difference estimator to provide some preliminary results that
are not robust to the selection bias. In a second step, we view a fall in the
exit rate of older workers as a continuous treatment®, and we control for the
selection bias given observables using propensity score matching methods,
generalized in a setting with a continuous treatment (Hirano and Imbens,
2004). After correcting for the selection bias we find that the higher the fall
in exits of older workers, the less hirings of young workers.

In a second part of the paper, we explain theoretically these results using
a matching model with heterogeneous jobs and workers, following the liter-
ature (Dolado et al., 1996, Gautier 2002, Mortensen and Pissarides, 1999,
Albrecht and Vroman, 1999 ) and considering two types of workers, workers
with experience and young workers with no experience and two types of jobs,
jobs requiring experience and jobs requiring no experience. Through this the-
oretical model, we represent an overlapping labour markets economy in the
sense of Sattinger (2006), where new young entrants into a local labor mar-
ket can not be matched with complex jobs requiring experience. However, as
we allow for job-to-job flows, some experienced workers may be mismatched
with jobs requiring no experience. These workers are therefore looking for
a complex job due to better wage offers. We show in this framework that a
decrease in the exit rate of older workers leads to an intensification of job-to-
job flows from simple to complex jobs and reduces the flow value of a simple
job to an employer. Consequently, it reduces the creation of simple jobs and
exerts a negative effect on the job finding rate of young workers with no
experience.

3 Actually, we consider the absolute value of the decrease in the exit rate of older
workers. Consequently, an high value of the treatment means that the observation unit
experienced a severe fall in the exit rate of older workers



The remainder of the paper is structured in the following way: in section
2 we present our empirical study, describing the type of data used, explaining
our methodology and presenting our main results. In section 3, we develop
our theoretical model and we show how it can explain our empirical findings.
Section 4 concludes.

2 The empirical study

2.1 The data

For our empirical study, we use matched employer-employee data from the
Worker Histories Italian Panel (WHIP) built from administrative data of
the Italian Social Security Institute (INPS) by researchers of the laboratory
R.Revelli of Turin. The original data set collects social security forms of a
1/90 random sample of employees every year. It provides accurate informa-
tion about the employment spells of each worker. The data also includes
also longitudinal records for firms employing the randomly selected workers
in the sample. However, the data from the WHIP does not provide infor-
mation about all individuals who work in a firm, so we can not observe
the distribution of individual characteristics for each firm of the sample. To
adress this issue, we carry out our study at the local labor market level, given
that each observation unit is made up of a group of firms belonging to the
same sector of activity, located in the same area and whose jobs require the
same educational level.

We can discuss our synthetic-firm approach. Indeed, it leads us to un-
derestimate the variance of each firm characteristic between firms given that
each observation unit is a group of firms. To test the relevance of this ap-
proach, Contini et al. (2008) investigate the wage dynamics in the province of
Veneto, confronting the results obtained through the synthetic-firm method
with those obtained through an analysis at the firm-level. They conclude
that both approaches lead to similar results when the number of firms in
each local labor market is quite small (between 50 and 95 firms per observa-
tion unit). Consequently, there is a trade-off when choosing the agregation
level between having the finest grid and having a sufficient number of firms



in each observation unit. Agregating our data by province and by sector of
activity, we consider a sample of 517 synthetic firms.

Furthermore, studying the mobility of workers at a synthetic-firm-level
allows us to account for the job-to-job flows that count for the major part
of the worker flows observed in Italy. Indeed, using data from the WHIP,
Leombruni and Quaranta (2005) show that job-to-job flows in the Italian
labor market are observed within a sector, and within a geographical area.
Consequently, by studying the mobility of workers at a local labor market
level, we account for the vacancy-chain pattern and we can expect that exits
of older workers may imply hirings of young workers, holding job creation
constant.

Our empirical analysis aims at investigating the effect of a decrease in
the exit rate among older workers on the hiring rate of the young, during the
period 1988-1989. Here, the hiring rate of young workers is defined as the
number of hirings of young workers observed in a year over the stock of young
workers employed in the end of this year. We choose this period given that
since 1990, employment protection legislation has been severely changed and
has had a strong effect on the Italian labour market (Kugler and Pica, 2008).
Moreover, since 1993, the Italian labour market has been strongly affected by
the economic recession. At last, since 1997, the Treu reform liberalized the
use of temporary contracts and introduced new atypical contracts, involving
a strong effect on Italian worker flows (Sciulli, 2006).

Consequently, we study the period 1988-1989 to isolate the effect on youth
employment due to a slowdown in the exit rate among older workers from
other effects due to institutional changes or to economic fluctuations. How-
ever, even during the period 1988-1989, job creation among young workers
has been increased by the introduction of CFL (Contratto Formazione e La-
voro)? contracts (Tattara and Valentini, 2005). To control for this effect, we
include in our set of regressors the share of CFL contracts observed in each
local labour market.

As mentioned in the introduction, we carry out our empirical study in
two steps. In the first step, we consider a binary variable equal to one if
the observation unit experienced a reduction in the exit rate of workers aged
50 or more between 1988 and 1989 and we study the effect of this dummy

4The CFL is a fixed-term contract with a maximum duration of 24 months not re-
newable. This contract was introduced in 1984 to easy the entrance of youngsters aged
between 15 and 29 into the labour market, providing fiscal benefits to firms hiring young
people.



on the hiring rate of young workers aged 30 or less in 1989. In a second
step, we include in our sample only the treated observations and we examine
to what extent a fall in the exit rate among older workers affect hirings of
young workers. In this step, we view the absolute value of the decrease in
the exit rate among older workers between 1988 and 1989 as the continuous
treatment. For some descriptive statistics, we group our treated observations
into two categories: the group 1 is made up of synthetic firms, in which the
value of the continuous treatment is lower than the median level, that is
13.5% and the group 2 is composed of synthetic firms, in which the value
of the treatment exceeds 13.5%. We observe in the table 1 that the average
hiring rate of young workers is higher in the group 1 (around 54,58%) than in
the group 2 (around 51,57%). So a strong slowdown in the exit rate among
older workers may reduce new hirings of young workers.

Table 1: Average hiring rate among workers aged 30 or less for different
values of the continuous treatment.

Group 1 | Group 2 | Total

Average hiring rate
among young workers 54.58% | 51.57% | 53.07%
Number of observations 117 117 234

Note : The group 1 is composed of synthetic firms that experienced a decrease in the exit
rate among older workers between 1988 and 1989 lower than 13.5% in absolute value.
The group 2 is composed of synthetic firms that experienced a decrease in the exit rate
among older workers between 1988 and 1989 higher than 13.5% in absolute value.
Source : WHIP (waves 1988-1989)

To control for potential composition effects likely to influence the hiring
rate of young workers or the exit rate of older workers observed within a local
labor market, we use the set of information provided by our panel matched
employer-employee data. We include first the age structure of each synthetic
firms controling for the share of younger workers and of older workers in
each local labor market. We add also the share of women to test for gender-
specific effects. We also introduce the average ratio between the average wage



of young workers and the average wage of older workers in each synthetic firm.
Indeed, this ratio may have a strong effect on the substitutability between
young and older workers. We include also the share of CFL contracts signed
in each local labor market, following empirical results supporting evidence of
the strong positive impact of these contracts on youth employment (Tattara
and Valentini, 2005).

Furthermore, empirical study of Contini et al. (2002) show that the age
or the size of the firm affect the workers’ mobility. Consequently, in our set
of regressors, we include the share of young firms (less than 8 years) and
the share of small firms (less than 9 workers) in each local labor market.
To control for a potential effect due to economic trends in each synthetic
firm, we add in our set of explantory variables the unemployment rate and a
dummy equal to one if the local labor market is declining”. We provide some
descriptive statistics in the table 2.

2.2 A difference-in-difference approach
2.2.1 Identification strategy

Let Y;P, the hiring rate of young workers observed at time ¢ in a local labor
market ¢ in the state D, with D € {0,1} and ¢ € {1988,1989}. The binary
variable D is equal to one if the synthetic firm experienced a decrease in
the exit rate among older workers between 1988 and 1989. In that case, the
synthetic firm is viewed as a treated observation. We have to determine the
effect of the binary treatment on our dependent variable Y;;, in other words
we have to estimate the difference Y} — Y,?. However, the estimation of this
difference raises an issue of missing data. Indeed, at time ¢ an observation
1 is either treated or not treated and we can not observe simultaneously the
value of the dependent variable for one observation 7 in the two states D = 0
and D = 1.

To adress this issue, we can determine the average treatment effect on
the treated group using a difference-in-difference estimator denoted by app
defined in the following way:

It means that in this synthetic firm, the number of jobs in the end of the year is lower
that the number of jobs observed in the beginning of the year



Table 2: Descriptive statistics for the years 1988 and 1989

Variable Year 1988 | Year 1989
Hiring rate of young workers 50.37% 49.34%
Exit rate of older workers 21.62% 20.5%
Share of young workers 38.81% 38.91%
Share of older workers 14.89% 14.94%
Share of women 24.18% 24.6%
Share of CFL contracts 22.4% 21.35%
Share of young firms (less than 8 years) 33.96% 32.92%
Share of small firms

(less than 9 employees) 40% 40.1%
Ratio between the average wage of

youngsters and that of older workers 85.63% 86.97%
Unemployment rate 11.11% 10.84%
Dummy equal to one if the synthetic firms

is declining 23.21% 26.31%
Number of observations 517 517

Source : WHIP (waves 1988 and 1989)
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app = {E(Yu|D = 1) = E(Ya| D = 0)} — {E(Yirs|D = 1) = E(Yiu1| D = 0)}

The idea is to estimate the gap between the hiring rates of young workers
observed respectively in treated and in control synthetic firms at time ¢ — 1
and then to evaluate to what extent this gap has been affected at time t.
However, this method holds only if the time invariance assumption is checked.
This assumption implies that the hiring rate of young workers for the control
group of observations would have evolved between ¢ — 1 and ¢ in the same
fashion that the hiring rate for the treated group of observations, in the
event that they had not been exposed to the treatment. The time invariance
assumption may be formulated in the following way:

E(Yg =Yg 4|D=0)=BE(Yy - Y3 ,|D=1)

This assumption is particularly strong, given that treated synthetic firms
may differ widely of not treated synthetic firms regarding some characteristics
likely to affect hirings of young workers (a known issue that we refer to as
the Ashenfelter’s dip, 1978). To attenuate this bias, our strategy consists
in including a set of regressors when computing the difference-in-difference
estimator, defining the following model:

Y;t = 5th + AD + 1/17'{/ + OéDDDTt + C; + Eit with Eit N(O, 0'2) (1)

where X;; is a vector composed of a set of regressors observed in a syn-
thetic firm 7 at time ¢, ¢; is an individual-specific effect, that allows us to
control for unobserved heterogeneity and ¢;; is the error term of our regres-
sion. In our model, we include a calendar effect adding a binary variable 7,
equal to one if the time ¢ corresponds to the period when we consider our
treatment, that is the year 1989. We also introduce a binary variable denoted
by D equal to one if the synthetic firm ¢ experienced a decrease in the exit
rate among older workers between 1988 and 1989. Our aim is to estimate
the parameter app to determine the effect of the interaction between the
variables D and 7; on the hiring rate of young workers. In this regression,
the parameter app is the difference-in-difference estimator.
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2.2.2 Results

We present our results in the table 3. We observe first that the Pearson’s
coefficient is equal to 0.3952. Consequently, our random-effect model is more
relevant than a pooled-OLS regression, given that it allows to control for
unobserved heterogeneity. We also see that the hiring rate of young workers
at time ¢ is strongly correlated with a lot of regressors like the job declining
dummy, the share of young or small firms, the share of young workers or the
share of CFL signed. It implies that the time invariance assumption is not a
priori checked and that we need to control for the characteristics of each local
labour market to examine the effect of the treatment on the treated group.
We find that the difference-in-difference estimator app is not significant.

We can discuss the relevance of our results given that treated synthetic
firms are definitely not comparable with the control group. For instance,
implementing a simple t-test of difference in means between these two groups
for the job declining dummy, we find in the table 4 a t-stat equal to —3.3114,
quite higher in absolute value than 1.96. So the probability for the treated
synthetic firms to experience job destruction in 1988 is quite higher than
this probability for synthetic firms of the control group. It may be explained
by the fact that declining sector tend to reduce their hirings, maintaining
their ageing workforce. Consequently, we can not draw clear conclusions of
a simple difference-in difference model due to the heterogeneity of the two
groups regarding their covariates.

Furthermore, in this subsection, we viewed the decrease in the exit rate
among older workers as a binary treatment. It could be interesting to esti-
mate the effect of this decrease on the hirings of young workers, viewing this
decrease as a continuous treatment. On the one hand, this strategy forces us
to keep in our sample only the treated observations. On the other hand, this
approach allows us to separate observations with a low level of treatment
from those with a high level of treatment and to see how the hiring rate of
young workers varies according to the level of the treatment.

Consequently, we use in the next subsection a propensity score matching
procedure and we implement it to a continuous treatment, that is the decrease
in the exit rate among older workers between 1988 and 1989 in absolute value.
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Table 3: A difference-in-difference estimation of the effect of a decrease in
the exit rate among older workers on the hiring rate among youngsters on

the period 1988-1989

Variable Coefficient Standard error
Binary variable 7, = 1

if £ = 1989 -0.013 0.013
Binary variable D = 1 if the

synthetic firm is treated 0.024 0.016
Interaction term D7, 0.007 0.019
Share of young workers 0.3634*** 0.108
Share of older workers 0.266* 0.14
Share of women -0.088* 0.046
Share of CFL contracts 0.273*** 0.05
Share of young firms (less than 8 years) 0.173*** 0.08
Share of small firms

(less than 9 employees) 0,2%** 0,058
Ratio between the average wage

of young and that of older workers 0.07* 0.037
Unemployment rate 0.156 0.128
Dummy equal to one if the synthetic firms

is declining -0.089*** 0.013
R? 0.3091
Number of observations 1034
Pearson’s coefficient 0.3952

Note : Coefficients have been estimated through a random-effect model. Standard errors
are corrected from the heteroscedasticity bias through the method of White.
Significativity thresholds : * : 10% ** : 5% *** : 1%

Source : WHIP (waves 1988 and 1989)
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Table 4: Difference in means of the job declining dummy in 1988 between
the treated and the control group

Group | Observations | Mean | Standard error

Control 283 0.177 0.023

Treated 234 0.299 0.029
difference -0.0122 | t-stat = -3.3114

Source : WHIP wave 1988

2.3 Generalized propensity score matching method

2.3.1 Identification strategy

As mentioned previously, our strategy does not consist in regressing the hir-
ing rate of young workers on absolute value of the decrease in the exit rate
among older workers. Indeed, even though we include in our model all the
information provided by our database, we are in the face of a selection bias,
in the sense that our explanatory variable of interest may be affected by
a set of observables, likely to be correlated with the error term of our re-
gression. To control for the selection bias through observables, we use a
propensity score matching procedure generalized to a continuous treatment.
As in the binary treatment context, propensity score methods in a setting
with continuous treatment rely heavily on the key assumption that adjust-
ing for pre-treatment differences solve the problem of drawing causal infer-
ence. Formally, we make the weak unconfoundedness assumption, introduced
by Hirano and Imbens (2004), that requires that the treatment assignment
mechanism is conditional independent of each potential outcome given the
pre-treatment variables.

Let us consider a set of N synthetic firms characterized by a vector X;; of
observables, by a number 7} equal to the absolute value of the decrease in the
exit rate among older workers between 1988 and 1989 and by a number Y;(7)
equal to the hiring rate of young workers, associated with the treatment level
T; = ~. T} is our continuous treatment and Y; is our dependent variable. The
unconfoundedness assumption may be formulated in the following way:

YE(W) 1 Tz‘|Xi
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Given unconfoundedness, we can apply matching methods based on the
Generalized Propensity Score (GPS) with continuous treatment introduced
by Imbens and Hirano (2004). The GPS is defined as the conditional den-
sity of the actual treatment given the observed covariates. Formally, let
r(v,x) = frix(y|z) be the conditional density of the treatment given the
covariates. Then, the GPS is R; = r(v,, X;). The GPS is a balancing score,
that is, within strata with the same value of r(v,x), the probability that
T = t does not depend on the value of X. In combination with the weak
unconfoundedness assumption, this balancing property implies that:

fr(vlr(v, Xi), Yi(v)) = fr(ylr(y, Xi))

As a result, the GPS can be used to eliminate any biases associated with
differences in the covariates. Formally, if the assignment to the treatment is
weakly unconfounded, given pre-treatment variables X;, then we can define in
a second step a specification regressing the conditional mean of our dependent
variable on the value of the treatment T; and on the value of the generalized
propensity score R;. In our analysis, we choose a simple linear model defined
in the following way:

EY|T'=~,R=71)=0by+ 0T +bR+bTR (2)

where v and r are specific values of respectively the treatment and the
propensity score.

At last, we have to determine the average causality effect or dose-response
function to evaluate the effect of several values of the treatment on the hiring
rate of young workers. The dose-response function denoted by p(vy) may be
formulated in the following way:

p(y) = E[EY (9)]r(y, X)] (3)

In other words we have to estimate fi(7y) such that:
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To obtain the dose-response function, we have to calculate ji(~y) for dif-
ferent values of treatment, given that for each value v, standard errors are
computed through bootstrapping methods.

2.3.2 Results

The first step consists in matching our observations calculating the Gen-
eralized Propensity Score (GPS in the remainder of the paper). The GPS
methods are implemented in our application using the gpscore, dose-response
STATA package (Bia & Mattei, 2008). A key assumption in the STATA im-
plemented version of the GPS methods is the normality of the treatment
variable conditional on the pre-treatment covariates. In our study we as-
sume that the Box — Cox transformation of the treatment has a Normal
distribution, given the covariates. Formally, let BozCox(T;) denote the Box-
Cox transformation of the treatment variable, we define BoxCoxz(T;) in the
following way:

TA—1 .
ot 25, 1471
og(l;) U A=

Using the Shapiro-Wilk test, we check that BoxCox(T;)|X; ~ N(58, +
$,X;:,02), where f3,, 3; and ¢? are parameters to be estimated through a
maximum likelihood procedure. So for each observation, the generalized
propensity score is defined in the following way:

A 1

1
= Q—M@xp(—ﬁ[BoxCox(Ti) — Bo + B1Xi))

Then, according to the distribution of the values of the treatment, that
is the absolute value of the decrease in the exit rate among older workers
between 1988 and 1989, we divide our sample into different groups. In our
study, we choose to break down our treatment into four intervals : [0;0.05],
[0.05;0.15], [0.15;0.3] and [0.3;1]. Therefore, at each time ¢, we divide our
sample into quartiles according to the value of the treatment.
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In each of these groups, we calculate the GPS for a treatment level T; cor-
responding to the median treatment level for each group. We can determine
the GPS of each observation i belonging to the group j, with j = {1,2,3,4}
in the following way:

A 1

X B
§= S it~ gpa(BorCor(T') = fo + £1.Xi

where 77 is the median treatment level for each group j. According to
the distribution of the GPS in each of these groups, we divide them into K
blocks. Here, we consider 5 blocks. For each block k7, with k = {1,2,3,4,5},
composed of synthetic firms presenting a specific treatment level correspond-
ing to their group j and a specific GPS corresponding to their block k, we
compare the values of observables with those of observations belonging to
the block k7" avec j' # j, namely synthetic firms with a similar GPS but a
different treatment level.

Prior to evaluate the dose-response function, we have to ensure that the
balancing property is checked. In the table 5, we report the values of the t-
statistic when we carry out a test of difference in means for each explanatory
variable and for different treatment levels after having adjusted by the GPS.
The idea is to test for each group of observations, defined by a specific treat-
ment interval, whether the observables are similar with those of synthetic
firms of the other groups, after matching. We use the bold case values to
indicate that the t-stat is higher than 1.96. In that case, balancing property
does not hold. We remark in the table 5 that no t-stat values are higher than
1.96. We can conclude that our GPS matching procedure allows us to check
the balancing property.

We represent the dose-response function in the figure 1 .

This function describes to what extent a decrease in the exit rate among
older workers has an effect on the hiring rate of young workers. Given that
the treatment is equal to the absolute value of the decrease, a high treatment
level corresponds to a strong fall in exits of older workers. We observe in the
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Table 5: Testing difference between means for different treatment interval
after adjustment by the GPS

Variables for the year 1988 t-stat for different
treatment intervals

[0;0.05] | [0.05;0.15] | [0.15;0.3] | [0.3;1]
Share of young workers -0.18 0.34 -1.11 0.781
Share of older workers 0.369 -0.38 0.524 | -0.918
Share of women -1.15 1.26 0.01 -0.791
Share of CFL contracts -0.389 0.78 -0.103 0.039
Share of young firms (less than 8 years) -0.11 -0.243 -0.42 0.577
Share of small firms
(less than 9 employees) 0.625 -0.705 -0.235 | 0.438
Ratio between the average wage of
young and that of older workers 0.364 -1.073 0.494 0.592
Unemployment rate 0.941 -0.77 0.148 -0.252
Dummy equal to one if the synthetic firm
is declining -0.218 0.287 0.205 | -0.304
Hiring rate of young workers -0.011 -0.451 0.448 -0.505

Note : the treatment corresponds to the absolute value of the decrease in the exit rate
among older workers between 1988 and 1989 for each synthetic firm.

Bold case values indicate that the t-statistic is higher than 1.96 in absolute value.
Source : WHIP (waves 1988 and 1989)
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Figure 1: Dose-response function of the treatment on the hiring rate of young
workers
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figure 1 that for a treatment level that ranges from 0.1 to 0.4, the treatment
affects slightly the hiring rate of young workers. However, for a dose of
treatment higher than 0.4, we remark that a slowdown in the exits of older
workers has a negative effect on hirings of young workers.

Thus we show empirically that a strong decrease in exits of older workers
reduces sharply hirings of young workers at a local labor market level. Nev-
ertheless, we have to take this results with caution. Indeed, we matched our
observations given a set of observables which allows us to check the balancing
property only for the variables that we include. Therefore we did not correct
for a selection bias on unobservables.

Furthermore, recall that our study has been carried out through a synthetic-
firm approach. It implies that our observations has been built grouping in
a same cell firms belonging to the same sector of activity and located in
the same province. Our approach is therefore strongly influenced by the
aggregation level chosen to build each synthetic firm.

3 The theoretical model: A labor market with
heterogenous jobs and workers

Following the wide literature about skilled and unskilled workers, we consider
a theoretical model with two sorts of workers and two kinds of jobs. But in
the contrary of the standard literature, we distinguish workers according to
their professional experience and not according to their educational level. To
allow for job-to-job flows, we focus on a local labor market where all firms
belong to the same sector of activity, are located in the same area and whose
jobs require the same educational level. In our model, we consider the young
workers, that we denote by ne as subscript, who entry into the labor market
with no professional experience and the workers with experience, denoted by
e as subscript. We assume that a number 7, of young workers exogenously
arrive in the labor market as unemployed. They can only apply for jobs
requiring no experience. In the remainder of the paper, we denote this type
of jobs by S (simple job) as upscript. In our model, once a young is hired,
he accumulates professional experience and can reach a sufficient experience
level at a Poisson arrival rate A to apply for complex jobs, denoted by the
upscript C'. Workers have interest to apply for complex jobs to have better
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wage opportunities, given that in our model, the wage received by a worker
occupying a simple job is assumed to be the minimum wage®.

Both types of jobs may be broken up in the case of an idiosyncratic
shock, according to a Poisson process with an arrival rate §. In that case, a
worker who occupied the job becomes unemployed but keeps his experience
level. Indeed, whatever the unemployment duration of a worker, his working
experience remains the same over time. Furthermore, as we introduce on-
the-job search, workers with experience may always have interest to search
for a simple job, implying a cross-skill equilibrium contrarily to the paper of
Albrecht and Vroman (2002)".

Following the Behaghel’s specification (2007), we consider a guillotine
retirement age, introducing a finite horizon in the career of worker®. We
consider that a worker can retire as soon as he accumulates a sufficient ex-
perience level to apply for complex jobs. Let n the Poisson arrival rate at
which an experienced worker retires. The horizon H of an experienced worker
is defined in the following way:

*° 1
H = / tne”Mdt = ~ (5)
0 n

Consequently, a decrease in 7 lengthens the career of an experienced
worker. In the remainder of the paper, we assimilate a decrease in 7 to
an increase in the retirement age.

Our specification is twofold: first, it allows us to reproduce the life cycle
of a worker, who arrives in the labor market with no experience and who
has to accumulate a sufficient level of experience occupying simple jobs to
apply for complex jobs. Second, we build an economy with overlapping labor
markets (Sattinger, 2006) in which young workers can not be matched with
jobs requiring experience. Through this theoretical framework, we introduce
an imperfect substitution between a worker occupying a complex job who
retires and a young worker. Our aim is to study the effect of a decrease in
the exit rate of older workers, that is 7, on hirings of young workers.

6See also Belan et al. (2007) for a similar specification
"Contrarily to their paper, we define the skill level of a worker by his experience level

8The implications of a finite horizon in a matching model on job creation and job
destruction have been already investigated by Cheron et al. (2006 and 2007)
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In our model we assume that search is undirected, so workers have perfect
information about the type of new vacancies but employers can not target
their hirings to a special type of workers”. In our economy, vacancies of
type S and the two types of workers (with or without experience) meet each
other according to a matching function denoted by h¥(u,. + u.,v?), that
determines the number of hirings for this kind of jobs as a function of the
number u; of unemployed of type 7, with i € {ne,e} , and of the number of
vacancies v° of type S. We assume that the matching function is increasing,
concave and linear homogenous.

An employer opening a S-type vacancy may fill his job according to a
Poisson process at an arrival rate h%(5s, 1) = q(0°). q(#°) is decreasing with
the tightness on the simple job market, denoted by 6°, equal to the number
of S-type vacancies over the number of job-seekers. We deduce therefore
that an unemployed worker (whatever his type) may be matched with a
simple job according to a Poisson process at an arrival rate p(6°), such that
p(6%) = 0°¢(9°) . p(6°) is therefore increasing with 6°.

In a similar way, vacancies of type C' meet job seekers with experience
according to a matching function denoted by h (u.+o.,v®), that determines
the number of hirings for this kind of jobs as a function of the number wu,
of unemployed workers with experience, of the number o, of employed job
seekers and of the number v® of C-type vacancies. Consequently, a C-type
vacancy may be matched with a job seeker according to a Poisson process
at an arrival rate h° (5, 1) = q(#°). This arrival rate is decreasing with

the tightness in the complex jobs market 8, equal to the number of C-
type vacancies over the number of job seekers with experience. We deduce
therefore that an experienced job-seeker may find a complex job according
to a Poisson process at an arrival rate p(A°) = 6%¢q(0°) increasing with 6°.
The figure 2 represents the worker flows in our model. The dashed arrow
indicates job-to-job flows. Computing flow equations at steady-state, we
determine the labor force structure at the local labor market level.

We find the six following steady-state flow equations:

9However, in the case of complex jobs, employers are sure to be matched with only
workers with experience, given that youngsters can not apply for this type of jobs.
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Figure 2: Worker flows in a local labor market
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(te + 0e)p(09) = E(5 + 1) (6)

(B +00)0 = ueln + p(0”) + p(67)] (7)
uep(0°) + Ep A = 0,[8 + 1+ p(6°)] (8)
Unep(6°) = Epo(0+A) (9)
E35.0 + 19 = unep(6°) (10)
no = 1(ue + 0 + EL) (11)

where u, and o, represent respectively the number of experienced job-
seekers unemployed and employed, £ and E, refer respectively to the num-
ber of workers with no experience occupying a simple job and to the number
of experienced workers occupying a complex job and 7, represent the number
of young workers who arrive in the labor market.

Combining equations (9) and (10) we obtain the expression of the number
of unemployed workers with no experience:

00+ A)
(6

Furthermore, combining the equations (7) and (11) we deduce the expres-
sion of unemployment for experienced workers:

(12)

. 5770
Y i+ p(0%) + p(09) + 4] (1)

The equation (12) is quite intuitive. The youth unemployment increases
with the number of new entrants into the labor market and decreases with
their probability to find a simple job denoted by p(6°). Our theoretical
model allows us to endogenize this probability as a function of the tightness
6%, depending on the simple-job creation behaviour of employers. As this
behaviour may be strongly influenced by the horizon of workers, our approach
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allows us to investigate theoretically the channels through which a decrease in
the exit rate n has an impact on hirings of young workers with no experience.
In the next subsection, we represent the job creation decision of firms.

3.1 The firms’ behaviour

In our model, for a sake of simplicity, each firm can not open more than
one job. As long as the job is vacant, the firm pays a search cost ¢’ that
depends on the type of job opened (i € {S,C}). When a firm decides to
open a S-type vacancy, it may be filled by a young worker with no experience
according to a Poisson process at an arrival rate 'yq(QS ), where + is the share
of unemployed workers with no experience over the whole unemployment,
namely 7 = Upe/(Une + ue). In a similar way, a S-type vacancy may be filled
by an experienced job seeker according to a Poisson process at an arrival
rate (1 — )q(0°). At the steady-state equilibrium, the flow value V' to
an employer from opening a S-type vacancy satisfies the following Bellman
equation:

PV = =% + q(0%) (5 — V) + (1 — ) (J5 = V)] (14)

where J? is the flow value to a firm of a simple job filled by a worker of
type i, with ¢ € {ne,e}.

Furthermore, the flow value V¢ to a firm which opens a C-type vacancy
is defined by the following Bellman equation :

VY = —c% 4+ q(09)(J¢ = VO) (15)

where J¢ is the flow value to an employer of a filled complex job. We
assume that firms are free to entry the market. Consequently, at steady-state
equilibrium all profits from opening a new vacancy are exhausted for the two
sorts of jobs, which implies the following free-entry condition :

Ve=v5=0 (16)
In the submarket of simple jobs, a firm opening a S-type job vacancy may

either recruit a unexperienced unemployed worker or an experienced one. Let
J? be the present flow value from hiring a worker of type 4, with i € {ne, e}.
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We assume that both types of workers have the same productivity on the
same type of job. However, an experienced worker can quit his job to find a
complex job at a Poisson arrival rate p(f°) and can also retire at a Poisson
arrival rate 7, contrarily to workers with no experience.

Borrowing the idea of Belan et al. (2007), we assume that each worker oc-
cupying a simple job receives a minimum wage w. Consequently, the present
values of expected profit to a firm from a simple job filled either with a worker
with no experience or with an experienced worker satisfy the following Bell-
man equations:

T‘]Se - yS —w+ 6<VS - Jvfe) + /\<‘]es - JS@) (17)
And :

rJS =y —w+[5+n+pO))(VS - JF) (18)

Furthermore, when an experienced job seeker finds a complex job, he
starts producing an output y¢ > y° and he receives a wage w® > w. His job
may break up for two reasons. First, it is hit by an idiosyncratic shock at a
Poisson arrival rate § and the worker gets into unemployment. Second, the
worker retires at an arrival rate 1. So, the flow value to a firm from a filled
complex job satisfies the following Bellman equation:

rJ¢ = y¢ —w + (n+6)(Ve - JO) (19)

After the description of value functions for firms, let us determine the
value functions for workers. In our model, we assume that only the wage w®
may result from a negotiation between the employer and the employee. So,
we focus only on Bellman equations for experienced workers. We define first
the flow value U, of unemployment to an experienced worker. Recall that
a worker of this type may be matched with a simple or a complex job at
respective arrival rates p(6°) and p(#°). Furthermore, he may retire at an
Poisson arrival rate 7. In that case, he receives a pension P discounted over
an infinite time. Let b the amount of unemployment benefits, so the value
U, satisfies the following Bellman equation:

rU, = b+ p(0%) (WS — U) + p(6C)(WE — U) + (2

r

Ue) (20)

26



When an experienced worker occupies a complex job, he receives a wage
w®. He can either lose his job at a rate § or retire at a rate . Consequently,
the value W¢ to an experienced worker from being employed in a complex
job is defined by the following Bellman equation:

TWC:wC+5(Ue—WC)+n(§ - W) (21)

When an experienced worker occupies a simple job, he receives a minimum
wage w, he may lose his job at an arrival rate ¢, he may be matched with a
complex job at an arrival rate p(&c) and he may retire at a rate 7. So, the
flow value W2 to an experienced worker from occupying a simple job satisfies
the following equation:

P
rWS = w+6(U, — W2) + p(0°) (W = WF) +n(

r

-W7)  (22)
3.2 Wage posting equilibrium

We determine first the steady-state equilibrium when the wage received by
an experienced worker occupying a complex job is not negotiated. Combin-
ing the Bellman equation (14) and the free-entry condition we obtain the
following expression:

S ( ) S CS
’ane +(1— Y Je =
q(6%)
Substituting the equations (17) and (18) into the expression (23) we get
the following relation between 6° et 6:

(23)

gl Sy My® —w] I-N@'-w) _
(r+5+A)[(y )+[T+5+p(6’c)+n]]+[T+5+p(90)+n] q(e(;zl)

Furthermore, substituting the Bellman equation (19) in the expression
(15) and using the free-entry condition, we obtain the following expression:
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@ (Y —uwY)

q(0°)  (r+n+9)

(25)

To determine the effect of a decrease in 7 on job creation for each type of
job, we use specific functional form to describe the two matching processes.
We assume as in the standard literature that each matching function is Cobb-
Douglas with an elasticity equal to o = 0, 5, such that:

NI

hS(une + U, vs) = (Upe + Ue) (vs)

N
—~
[\]
(@]
Nud

N[
—~
[\
J
~

h (e + 0, 0°) = (U + 0,)% (v°)

Substituting (27) into (25), we obtain the following expression:

Consequently, through our theoretical model, we can write the tightness
for the submarket of complex jobs as a function of only exogenous parameters.
This expression shows us clearly that a decrease in the exit rate among older
workers denoted by 7 fosters the creation of complex jobs. Our result is in
accordance with findings of Chéron et al. (2007) that highlight a positive
horizon effect of an increase in the retirement age on job creation. However,
in this paper, we investigate the effect of a decrease in the exit rate among
older workers on hirings of young workers. We mention previously that young
workers can not apply for complex jobs so we have to determine the effect of
a decrease in 7 on the creation of simple jobs, that is on 6°.

Substituting (28) into (24), we find that at steady-state equilibrium, 6°
satisfies the following equation:

LS. — v 5w Ay — ] (1-7)° —w)
B E O POy 7N B S B 7N
CS
G (29)
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In the wage posting equilibrium, we find two main offsetting effects of a
decrease in the exit rate among older workers denoted by 7 on the tightness
for the submarket of simple jobs 6°. On the one hand, a decrease in 7
raises the horizon of experienced workers and therefore increases the average
duration of simple jobs, which encourages employers to open more simple
jobs. On the other hand, a decrease in 7 has a negative effect on #° through
job-to-job flows. This is the key effect that we highlight in our model. Indeed,
given that the creation of complex jobs is fostered by a decrease in 7, the
probability for an experimented worker occupying a simple job to be matched
with a complex job is higher. Consequently, the average duration of simple
jobs decreases and firms are more reluctant to open such jobs, reducing hiring
of young workers.

Nevertheless, recall that the share of unemployed workers without ex-
perience denoted by v is given by our flow equations at steady-state and
therefore it is a function of both #° and #°. Indeed, combining equations
(12) and (13), we write v in the following way:

_ (0 N+ p(6%) + p(6) + 4]
n[n + p(6°) + p(0°) + 6](6 + A) + 6Ap(6°)

We see that the expression of 7 is quite complicated and depends both
on #° and #°. So it is not so straightforward to examine the sign of the
derivative of 6° with respect to 7.

Proposistion 1 In the wage posting equilibrium, a decrease in 1 reduces
0% i.e % > 0 only if y© —w® > cC(r +§ +n)?
Proof. See Appendiz m

We have shown theoretically that a decrease in the exit rate among older
workers within a local labor market may reduce the tightness 6° and there-
fore it has a negative effect on the hiring rate p(°) of young unemployed
workers, provided that the flow value to an employer of a filled complex job is
sufficiently high. Thus, when this condition holds, the horizon effect is offset
by the indirect effect due to job-to-job flows. Given the expression of u,,
we deduce that a fall in the exit rate n raises unemployment among young
workers with no experience.
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However, in this subsection we assumed that the wage received by a
worker occupying a complex job is not negotiated between the employer and
the worker. We relax this assumption in the next subsection.

3.3 Steady-state equilibrium with wage negotiation

Now, we aim at determining the steady-state equilibrium assuming that the
wage w® results from a bargaining process between the employer and the
worker. To describe this process, we follow the previous papers of Shimer
(2005) and of Hall and Milgrom (2008). With respect to the standard Nash
bargaining process, the process that they describe has a different threat point
for workers. Indeed, in a negotiation "a la" Nash the threat point of workers
is the value of being unemployed while in a model "a la" Shimer, the threat
point is the so-called "delay position" of the worker.

According to Shimer (2005), this strategic wage bargaining process allows
to reproduce the extreme volatility of the ratio of the number of vacancies
over the number of unemployed observed in the facts. The underlying idea
is that in the case when the worker meets once a job offer, so as long as the
job is not broken up, the employer can always make counter offers until the
negotiation succeeds. Nevertheless, an experienced job seeker may retire at
an arrival rate n and in that case, the employer can not make counter offers
anymore. Consequently, D,., that is the threat point of an experienced job
seeker satisfies the following Bellman equation:

rDe =0+ 77(§ —D.)+6(U. — D) (30)

The wage w® received by a worker occupying a complex job results from

a maximisation of the product of net surplus of both parties, weighted by
their respective bargaining power. Consequently:

w® = arg max{(W¢ — D,)?(J¢ — v)1-A)}

where 3 is the bargaining power of the worker. At steady-state equilib-
rium, given the free-entry condition (16), solving the maximisation program
yields the following sharing rule:

WY —-D,=p(J°+W°~-D,) (31)

30



Rearranging terms, we can formulate this expression in the following way:
~(1=B)(r+n+08)De = (r+n+0)BJ° + W) — W€

Substituting expressions (19), (21) and (30) in the previous expression,
we deduce the following wage equation:

w? = (1= B)b+ sy (32)

Replacing the wage w® by its expression in the equation (19), and given
the free-entry condition we obtain:

< (=B -b)
q0%)  (r+n+9) (33)

So endogenizing the wage bargaining for complex jobs and keeping the
same functional forms than in the previous subsection, we show that at
steady-state equilibrium 0° satisfies the following equation:

Aly® — w] (1—7)(y° —w)
L% ) = ————[(y° —w)+ ] +
(r+d+23) o+ [GAUED] ) g |Gy
- (34)
— = 0 34
q(6°)

Consequently, even though we account for a wage bargaining process
in the submarket of complex jobs, a decrease in the exit rate among older
workers reduces hirings of young workers and raises unemployment among
young workers with no experience if the value for an employer of a filled
complex job is sufficiently high such that:

(1= B)(y" =b) > “(r+n)’ (35)
We remark that the condition (35) accounts for the bargaining power of
the worker denoted by 8 and for the amount of unemployment benefits b,

contrarily to the condition obtained in the wage posting case. Nevertheless,

31



these two conditions are very similar so we can conclude that endogenizing
the wage received by a worker occupying a complex job does not change our
theoretical results when we consider a wage negotiation process "a la" Hall
and Milgrom (2008).

Consequently, through our theoretical study, we can explain our previous
empirical findings obtained in the Italian case. Indeed, if the exit rate among
older workers falls sufficiently, it encourages employers to open more complex
jobs, which will reinforce job-to-job flows from simple jobs to complex jobs
but only for experienced workers. This intensification of job-to-job flows
reduces creation of simple jobs and therefore, it is harmful to young workers
who arrive in the labor market and who experience a fall in their probability
to be hired on a simple job.

4 Concluding remarks

In this paper, we investigated the effect of delaying retirement age on hirings
of young workers. Our starting point was to consider an imperfect substi-
tutability between young and older workers. We explained the vacancy-chain
pattern, through which an exit of an older worker may involve a new hiring
of a young worker, even though these two types of workers are not perfectly
substitutable for an employer. This vacancy-chain results from job-to-job
flows observed within a local labor market composed of firms belonging to
the same sector of activity, located in the same area and whose jobs require
the same educational level.

In the first part of the paper, we have studied empirically the effect of a
slowdown in the exit rate among older workers on the hiring rate of young
workers within a local labor market. We use matched employer-employee
data drawn from the Worker Histories Italian Panel. We considered a sample
of synthetic firms, each of these being composed of firms belonging to the
same sector and located in the same area. We grouped first our observations
into two categories: synthetic firms that experienced a decrease in the exit
rate among older workers between 1988 and 1989 and those that did not
experience such a decrease during this period. Using a difference-in-difference
approach and controling for characteristics of each synthetic firm, we showed
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that a slowdown in the exits of older workers does not exert a significative
effect on hirings of young workers.

Nevertheless, we pointed out that some variables differ greatly among
the two groups and therefore a simple difference-in-difference analysis has no
sense, because it implies a strong selection bias. Consequently, keeping in
our sample only synthetic firms that experienced a decrease in the exit rate
among older workers between 1988 and 1989 and matching observations each
other adjusting by the generalized propensity score to correct for the selection
bias on observables, we found that a strong decrease in the exit rate among
older workers reduces significatively the hiring rate of young workers within a
local labor market. However, we have to take our results with caution given
that our matching method does not allow us to correct for a selection bias
on unobservables. Furthermore, our findings may depend on the aggregation
level chosen to build our synthetic firms. To test the robustness of our results,
we shoud reproduce this study on very big firms assimilating job-to-job flows
to promotions within the firm.

In the second part of the paper, we highlighted the theoretical channels
through which exits of older workers affect hirings of young workers within a
local labor market. In this part, we represented a vacancy-chain in a matching
model with heterogeneous jobs and workers, considering that workers are
either experimented or not and that workers with no experience (i.e. the
young workers) can not apply for a complex job requiring experience. In this
model, to represent a vacancy-chain, we allowed for job-to-job flows from
simple jobs to complex jobs, but only if workers have a sufficient level of
professional experience to apply for complex jobs.

We pointed out two main effects of a fall in the exit rate among older
workers on the hiring rate of young workers. First, this decrease lengthens the
horizon of an experienced worker and encourages job creation for both types
of jobs. Second, the increase in complex job creation raises the probability
for an experienced employed job seeker to find a complex job. Therefore, it
reduces the average duration of a simple job making firms more reluctant to
open simple jobs and reducing hirings of young workers with no experience.
We show that the net effect of a decrease in the exit rate among older workers
on the hirings of young workers is negative if the flow value to an employer
of a filled complex job is sufficiently high.
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However, one extension of this theoretical model may come to mind,
endogenizing the minimal experience level which allows a worker occupying
a simple job to apply for a complex job. This specification could allow us to
better grasp channels through which a decrease in the exit rate among older
workers affects the hiring rate among young workers. We leave this idea for
further investigation.

Appendix

Rearranging terms of L(QS, 1), we obtain the following equation:

C _yC
L W wI[Eb |+l N s
777 = C'_wC — g =
[r+5+[%]+n](r+6+>\) q(0”)

Differentiating L(#°,7) we get:

do’ L
L1d0® + Lodn =0 & — = -2
dT] L1

where L; is the partial derivative of L(6%,7) with respect to its ith ele-
ment, with i € {1,2}. We determine L, = dL(6°,7)/00°

C C
[<ys<—-uﬂ[[é% ;w )] +—n]8¥
cC(r4+n+9) o0 a—
Ll = (yC_wC) - CSOZ(QS) 1

[T+5+ [m] +77](7”+5+)\)

We have to determine the sign of 9v/06°. We remark that:

IAp(6°)
n[n + p(6°) + p(0°) + 6](6 + A)

1
_:1_|_
f)/

As the second term on the right-hand side of the equation is increasing
with 6%, we deduce that ~ is decreasing with 6°. Consequently, L; < 0.

Furthermore, let E(J¥) be the the esperance of the expected income flows
to an employer from a filled simple job such that:
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Y(y® = w)[p(0°) + 0] + (r + 6 + N (y* — w)

Sy
B = [P+ +p0°) +n](r+5+ )

where p(#9) = %. Consequently, L, has the same sign as dE(J°)/0n.

We consider the logarithm of the expression to simplify calculation so:

[E(J%)] = Ify(y® —w)p@) +n] + (r + 0+ N (y° - w)]
—In[r + 0+ p(6°) + 5] —In(r +6 + \)

So, differentiating this expression with respect to 7, we obtain:

O EJS) L+ 1)+ 2 [p(6°) + 1) (205 4]
o APO) (6 +N) [+ 0+ p(0°) + 1)
B [ap(GC) . 1 B 1
n p(0°) + ] + T p(09) +np+r+ 6

N Z—z[pr) + 7]
Y[p(0°) + 1] + (r+ 04+ \)

Recall that:

IAp(6°)

T e+ pE0) + a6 + N

1
f)/

Differentiating this expression with respect to 7, we obtain:

0(3)  oxp(6%) (n+p(0%) +p(0°) + 0 +n[l + 20°)))
o 0+ (nln + p(0°) + p(6°) + 6])?
We observe that:
p(°)  (y° —uw") n(y¢ — w®)

o = —
p(O7)+ an C(r+n+9) (r+n+0)?
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Substituting this expression into the previous one, we obtain:

L) oxp(e%) (2 +p(0°) + 3+ Z b [ - b))

V) _ c (r+n+9) (r+n+9) <0
an 6+ (n[n + p(6%) + p(6°) + 8])?
In addition, given that v < 1 + ﬁ, we deduce that:
1 1

—~ <0
[[p(GC) +] + I p(0) + 6 |

Consequently, d1In(E(J%)/0n > 0 only if

ap(6°)
[ on

+1]<0e (y¥ —w) > (r+n+06)>
If this condition holds, it ensures that L, > 0 and therefore 06° /dn > 0.
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