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Some empirica! studies show a decreasing aggregate rate of esca.pe and many theories of unem
ployment assume the heterogeneity of the unemployed in order to explain this decline. The purpose of 

this paper is to investigate the conditions under which a declining rate of escape occurs in a population 
of unemployed workers. The phenomenon of unemployment is represented by a queueing model: a 

container with an input given by individuals looking fora job and an output given by individuals w ho 

have found a job. The exit flow can be fìxed at each simulation step, and, a.s in a hydraulic system, it 

can be controlled by a cut-off valve. Samples of compieteci spells are generateci from homogeneous and 
heterogeneous populations, using a random selection method under different conditions. Assuming 
that durations are Weibull distributed, the maximum likelihood method is adopted to estimate the 

parameters of the distribution function relative to ea.ch sample and, hence, to easily obtain the haza.rd 
function. On the one hand, the results are those expected for a homogeneous population when the 

Weibull distribution fìts the data generateci well, but under certain conditions, the haza.rd or escape 
rate is increasing with duration. On the other hand, the results almost always show a declining escape 
rate in all the samples generateci through random selection from a heterogeneous population. The 
author also examines the para.meters of the distribution of completed spells observed in the realla.bour 
market. 

l. Introduction 1 

One of the main issues in the literature on duration is whether the probability of leaving 
unemployment decreases, remains constant or increases as the duration of unemployment 
increases. Most search theories assume that the reservation wage is either constant or de
creasing aver time and, hence, the probability of reemployment is either constant or increasing 

1 The author would like to tha.nk Sebastiano Brusco, Paolo Bosi, and Giovanni Solina.s for their 
valuable discussion of and comments on this paper. The author is fully responsible for any errors. 
Paola. Rota is gratefully acknowledged for her helpful assista.nce in the revision of this pa.per. The 
data were processed at the CICAlA, University of Modena. 

l 



with the duration of unemployment (positive duration dependence). This ìmplies that the 
wage offer distribution degenerates because employers think that the skills of unemployed 
workers will depreciate aver time, inducing them to accept any wage. This may lead to a 
reemployment probability which decreases over time (negative duration dependence). The 
use of the probability of finding a job over time, which is a conditional probability, also called 
hazard function or instantaneous escape rate, makes the modelling of unemployment spells 
easier2 . 

Some empirica! works show a declining aggregate escape rate (Salais, 1980; Lancaster 
and Nickell, 1980; Malinvaud, 1984) and the heterogeneity of the persons seeking employment 
is assumed as the cause of this decline. This assumption is not only plausible, but necessary 
for most theories to explaìn persistent unemployment (Salant, 1977). 

The aim of this paper is to verify whether there is an increase in the aggregate eséape 
rate given the assumption of heterogeneity between the unemployed workers. If this is not 
the case, i.e. the conditional probability of escaping from unemployment remains constant 
or increases, then these theories must reconsider some aspects of the process that have been 
left out. 

The aggregate escape rate is analysed by using a simulation model which considers 
unemployed workers who are queueing for employment. Although a realistic model of unem
ployment is used, the results are open to criticism because it may argued that it is possible 
to obtain the desired outcomes by choosing suitable starting conditions for the simulation 
process. Nevertheless, the model represents a powerful tool to explore unknown situations or 
to verify some hypotheses, as we have attempted here. The durations of the spells observed 
in a real labour market are also analysed in arder to provide some concrete examples of the 
aggregate escape rate. 

The most important issue involved in this queueing model is how to select the individuals 
who will find jobs. This is a criticizable step in the model because perhaps it is not possible 
to identify the conditions under which people leave unemployment in the real world. In a 
simulation process, the selection criteria frequently used are LIFO (Last In, First Out), FIFO 
(First In, First Ou.t), and a random one. The LIFO and FIFO criteria do not seem adequate 
to represent the exiting process of unemployed workers from the queue. So in our model, the 
individuals who find jobs are randomly selected using a uniform distribution. Although this 
is not the true selection mechanism working in the labour market, it is of interest because 
it shares some resemblance with the real one and represents the starting point for other 
distribution laws. 

The simulation process is executed for homogeneous and heterogeneous queueing po
pulations, under steady state and non-steady state conditions. Each individual's compieteci 

2 This approach was suggested by Nickell (1979a, b) and Lancaster (1979). Since then, a. grea.t 
nurnber of works have atternpted to model economie dura.tion data. on the basis of hazard functìon: 

Kiefer and Neurna.nn (1979), Flinn and Heckman (1982), Solon (1985), Narendrana.tha.n, Nickell, and 
Stern (1985), Flinn (1986), Harn and Rea (1987), and Kiefer (1988), a.rnong others. Note tha.t the 
method of hazard functìon ìs sìrnilar to the method of the life table used by Sìlcock (1954) and further 
developed by Sal an t ( 1977). 
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spell of unemployment is given by the time that has elapseci between entry into anci exit 
from the queue. Samples of compieteci spells are obtaineci from the queueing mociel. Thus, 
the shape anci location parameters of the relative ciistribution cietermining the trenci of the 
aggregate escape rate can be estimateci. 

The heterogeneity of the unemployeci workers is introduced by considering a queueing 
population made up of several groups, each characterized by a different probability of finciing 
employment. Within each group, however, the probability can be the same3 . Homogeneity 
is insteaci represented by a queue without groups anci it is considered in arder to make 
comparisons with the heterogeneity case. The steady state is obtained by fixing the exit rate 
of indiviciuals leaving the queue anci the non-steady state is obtaineci by varying it. 

Only the features of the Weibull ciistribution are examineci here. It is one of the ciistri
butions utilized to describe unemployment spell durations (Flinn, 1986; Kiefer, 1988) anci is 
a very useful tool in the analysis of durations because it allows us to estimate its parameters 
easily anci to verify immediately the trenci of the escape rate. 

The structure of this paper is the following. Section 2 deals with the structure of the 
completed spell generation model. Section 3 is dedicateci to the plan of experiments. The ha
zard function, the Weibull distribution, anci the estimation methods are ciescribeci in Section 
4. The estimates of the parameters of the ciistribution of the unemployment spella, generateci 
from homogeneous and heterogeneous populations of unemployed workers under steady state 
and non-steady conditions are provideci in Section 5. In adciition, Section 5 inclucies the 
estimates of the parameters obtaineci from a sample of compieteci spells observed in the real 
labour market. Section 6 contains a brief discussion and conclusion. 

2. The Simulation Model Used to Generate the Completed Spells 

The labour market can be described by the following expression 

LF J + aD + bRs = N J + cRt 

where the left-hand side represents the unemployed persons: LF J, D anci Rs stanci far 
individuals looking far their first jobs, individuals who have been dismissed or have resigned 
and are looking far new jobs, respectively. The right-hand side represents the vacancies: N J 
and Rt stand far new jobs and retirements, respectively. The coefficients a, b, and c vary 
between O and l. They indicate that only one part of the individuals w ho have been dismisseci 
or ha ve resigned are searching far another job, while some of their previous jobs or some jobs 
of retirements are included in the vacancies. 

3 Individuals belonging to groups with a high probability of employment will tend to leave the 
unemployment state quickly. For the selection made at random, only unlucky individuals will remain 
unemployed. This group is made up of people w ho are less available or have more difficulties in fìnding 
jobs. Thus, according to some theories, the tendency of the groups to leave the unemployment state 
as quickly as possible makes the aggregate escape rate decreasing as duration increases. 
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In arder to ascertain whether the aggregate escape rate decreases aver time the relevant 
variable is the time an unemployed worker spends looking far a job regardless of which 
component of the labour force market he/she comes from. Therefore, the previous scheme 
may be represented by two containers communicating with each other as in a hydraulic 
system: one for the unemployed and another for the employed workers (see Figure 1). It is 
possible, without any loss of generality, to consider only the container far the unemployed, 
with an entry for the individuals w ho are looking far a job and an exit far the individuals w ho 
have found a job. The group of people in search of jobs constitute a queueing population, Pu. 
At every moment t, lt individuals "leave" the queue after finding a job, and et individuals 
"enter" because they have either lost their jobs or they are joining the "job-search area" far 
the first time. The exit component may be controlled by fixing the number of people as in a 
hydraulic system, in which the ftow is regulated by a cut-off valve. 

The model is used to study both homogeneous and heterogeneous populations of queueing 
individuals. A population of unemployed workers is homogeneous when ali the subjects have 
the same probability of finding a job (independently of skill, sex, education, attitude toward 
risk, etc.). A population of unemployed workers is heterogeneous when the probability of 
finding employment depends on some distinctive features such as personal characteristics, 
farnily composition, locallabour demand, and incarne variables. Therefore, the heterogeneous 
population, Pu, may be considered as a group made of g groups. The i-th group is composed 
of s, individuals looking for a job; its members, as a whole, have a probability p, of leaving 
the queue. The probabilities of exiting from the queue are different between the groups, 
whereas within the groups, the probabilities are equal, without any loss of generality. Let j 
be any individua} belonging to the i-th group. The probability of him/her exiting from the 
queue (or finding a job) is: 

l l J = l, 2, ... , Si i=l,2, ... ,g (l) 
Si 

and the following equalities hold: 
(J 

LPi =l 
i=l 

(J •; l (J •; l 
LPiL- = LLPi- =l. s·· s· 
i= l i= l ' 3 i=l i= l • 

(2) 

Note that the homogeneous population is a particular case of the heterogeneous population, 
i.e., when the latter is made up of only one group: g = l. In fact, the assumption in equation 
(l) implies a homogeneity within the groups ( each member has the same probability of finding 
a job). Each unemployed worker in the queue thus has a probability of finding a job equal 
to ptf s,. 

The ftow of output can be fixed during the simulation process. At each moment, t, lt 
individuals exit from the queue, so it is possible to define the exit rate as: 

l t 
r=-

Pu 
(3) 
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Figure 1 
Scheme representing the labour force market 
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which only specifies the individuals who leave the unemployment state. Moreover, it can be 
varied in the model in arder to study the distribution of the spell durations. The exit rate 
differs from the escape rate; the latter is an instantaneous rate and a conditional probability 
which may depend on time and the estimation procedure. 

From the moment the simulation process starts, all the unemployed workers begin to 
queue with a spell equa! to zero. As time goes on, they start to exit from and enter into the 
queue. At the beginning, the observed lengths of the spells are similar. As the process goes 
on, they begin to differ. This situation, known as the "transient", has to change in arder to 
generate unbiased spell durations. The transient may be considered to be eliminated when 
all the subjects in the initial population have exited from the queue or when the queue is 
entirely renewed. This condition is necessary, but not restrictive. The time, t 3 , at which the 
lengths of the spells being observed can be expressed as a multiple of the inverse of the exit 
rate: 

Pu. m 
t 3 =m-=-. 

lt r 
(4) 

In fact, the inverse of the exit rate denotes the number of simulation steps necessary to extract 
from the queue a number of individuals equa! to the population size. With the FIFO (First 
In, First Out) method, these steps imply the complete renewal of the originai population, 
whereas with other extraction criteria, an appropriate multiple of the inverse exit rate is 
sufficient to eliminate the transient. Therefore, it is necessary to search for the value of m 
which guarantees this renewal. 

When the simulation experiments are carried out with a very large queueing population, 
the number of individuals w ho leave the queue may be greater than the size of the sample used 
to estimate the parameters of the distribution of the unemployment spells. Therefore, the 
model provides the possibility of specifying through a proportion the number of individuals to 
select from the exiting ones and to be included in the sample. This proportion it is called the 
sampling rate, sr1, and i t allows us to study the changes in the distribution of the parameters 
as it varies. 

The input-output flow relationship may affect the distribution of the spell durations. In 
a steady state, the number of people exiting from the queue is equal to the number of entrants 
over t ime, that is, l t = et. In a non-steady state, on the one hand, i t may happen that l t 
increases and et remains constant or decreases. On the other hand, it may happen that lt 
remains constant or decreases and et increases. lt is possible to obtain these situations by 
simply varying the exit rate during the simulation steps. In fact, the increase in the stock of 
unemployed, together with the constancy or the decrease in lt, implies a decrease in the exit 
rate; viceversa, the decrease in the stock of unemployed, together with the constancy or the 
increase in lt, implies an increase in the exit rate. Therefore, we have always assumed that 
l t = et. 

The process works as follows. We must fix some characteristics of the model at the 
beginning, such as: 

l. the size of the queueing population of unemployed, or stock, P~.~.; 

2. the number of groups, g, constituting the stock P~.~.; 

3. the probabilities of the groups, Pi, of being extracted, as a whole; 
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4. the number of members, si, in the groups; 
5. the ex i t rate, r, defining the number of individuals exiting from the queue a t each 

moment, t; 
6. the starting time to begin recording the lengths of the spells, t~; 
7. the sampling rate for the individuals leaving the queue, Srt, which defines the number of 

individuals to be surveyed at each moment t; 
8. the sampling size, n, defining the total number of individuals to be surveyed at each 

simulation step or experiment; 
9. the number of repetitions of the experiments, Ne, defining the end of the process. 

Each experiment begins at a time equal to O. The members of the exiting group are selected 
at random from the queueing population, on the basis of their probabilities of changing 
states, that is, of finding employment. At any moment t, a number of individuals, equal to 
the ex i t rate of the queueing population l t = r Pu., le ave the queue and are all replaced by 
other workers. Between t = l and t = t~ - l, the spells of those leaving are not recorded. 
The recording process begins when t= t~, terminates when the fixed sampling size has been 
reached, and refers only to those individuals who are selected from the exiting group on 
the basis of the sampling rate. The parameters of the Weibull distribution on the basis of 
the lengths of the spells surveyed are then estimateci. In addition, two tests of goodness of 
fìt of the Weibull distribution are performed: the Kolmogorov-Smirnov test, >.x s, and the 
chi-squared test, x2 , with nine degrees of freedom. These estimates are recorded and a new 
experiment is begun at time equal to O. When all the Ne experiments have been executed, 
the means and the standard deviations of the estimates, the goodness of fit tests, and the 
likelihood function are calculated. 

By changing some basic characteristics of the simulation process, the trend of the aggre
gate escape rate may be explored under different exiting conditions. 

3. The Pian of the Experiments 

The simulation process is strongly influenced by the values of Pu, g, Pi, Si, r, t~, Br!, n, 
Ne. Among these characteristics, we can fix Pu., t,, Srt, and Ne definitively, after a sensitivity 
analysis of the changes in the distribution of the lengths of the spells. For example, if the 
stock of unemployed does not affect the shape of the distribution, then its size may be set 
equa! to a number which does not involve high computer costs (CPU) for data processing 
and remains constant in ali the experiments. The values of the determinants of the process 
used to study the modifications in the aggregate escape rate were set as follows. 

l. The stock of unemployed, Pu., was fixed at 5,000 individuals because experiments with 
up to 30,000 individuals have shown the same results. 

2. The number of groups, g, in the stock Pu. was: 
- l for a homogeneous population, 
- 2 and 5 for a heterogeneous population. 

3. The probability, Pi, of selecting each group wa..c:;: 
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- abviausly Pi = p1 = l far a hamageneaus papulatian (in such a case, ane cauld alsa 
h ave many graups (g > l) with Pi = 1/ g, far any i); 

- equal ta the following combinations of prabability for a heterogeneous populatian: 
• g = 2 and p1 = 0.7,p2 = 0.3; 
• g = 5 and p1 = 0.40,p2 = 0.30,p3 = O.lS,p4 = O.lO,ps = 0.05; 

4. The number of subjects composing the groups was equal to si = s = Pu/ g, in any case. 
Then 

- far an individuai, the probability af leaving the selected group was equai ta 1/ s; 
- far any individuais in i-th group, the probability af leaving the queue was pif s; 
- the equality Pu = g • s held. 

5. The exit rate, r, was equai to 0.5%, 1%, 2%, 5%, 10%, 20%, 30% at each stage. 
6. The starting time for recording spelllengths depends an the value of m, as in equation 

( 4). The vaiue af m was fixed at 6 because values greater t han 6 h ave not shown any 
changes in the shape of the distributian af the spelllengths, then t. = 6/r. 

7. The sampling rate of the individuais w ha ex i t from the queue, s r1, was fixed a t 5%, but 
it daes not affect the aggregate escape rate. 

8. The sampling size, n, was equal to 200, 400, 800, and 1200. 
9. The number of repetitions of the experiments, Ne, was fixed at 300, but sufficiently 

accurate estimates were obtained only after 100 experiments. 

4. Statistica! methods 

The canditional probability of leaving the unemplayment state, that is, of leaving the 
queue, far an individuai, may be expressed by the equation 

F'(t) = f(t) = ->.(t) 
F(t) F(t) 

(5) 

where f(t) is the probability density, F(t) is the distribution function denoting the probability 
of becaming employed between O and t, >.(t) is the hazard function denoting the instantaneous 
rate af exiting from the unemployment state, given that the individuai has not left the state 
as of time t (Cox & Oakes, 1984; Gnedenko, 1969). Hereafter, >.(t), the employment rate, 
w ili be referred ta as the "escape rate" 4 . The generai solution of the previous equation is 

F(t) =e- J: .\(u)du = e-A(t)' (6) 

where A(t) denotes the integrated hazard which does not represent a probability. It is useful 
in practice, but there is no convenient interpretation of it. 

4 In the theory of reliability, >.(t) ÌB the failure rate an d in survival data analysis, >.(t) is the hazard 
function or mortality intensity. 
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4.1. The Weibull distribution 

The Weibull distribution depends on a shape parameter (a > O) and a scale parameter 
(). > O), which is sometimes referred to as the characteristic life. It is obtained by setting 
À(t) = a.>.(>.t)a-l in equation (6). The process is described by the following expressions: 

F(t) = l- e-(>.t)" 

f(t) = a.>.(.>.tt- 1 e-(Àt)" 

.>.(t)= a.>.(.>.t)a- 1 

A( t)= (>.t)a- 1 . 

The mean and the variance of the Weibull distribution are J.L = (.>.a)- 1f(l/a) and u 2 

(Àa)- 2 [2af(2/a)- f 2 (1/a)J respectively. 

Ifa > l, the escape rate is monotone increasing with duration, starting from t= O. 

(7) 

If a < l, the escape rate is monotone decreasìng wìth duratìon and i t is undefined at t = O. 

Ifa: = l, the Weibull distribution becomes exponential, which implies a constant escape rate 
or hazard. Thus, the past is uninfiuential on the future and the probability of finding 
a job within the time interval depends only an the length of the time interval. The 
exponential distribution is widely used because of its simplicity, but its dependence on 
a sìngle parameter limits its fiexibility as it does not allow far a "separate adjustment" 
of the mean and the variance. On the other hand, the Weibull distribution, which 
depends an a supplementary parameter a, represents a generalization of the exponential 
distribution. 

Therefore, the value of the shape parameter a allows us to verify immediately whether the 
aggregate escape rate declines as duration increases. However, there are no explicit theoretical 
arguments indicating that a Weibull distribution should be used (Johnson & Kotz, 1970) in 
almost all practical cases. It is just a power transformation of a random variable exponentially 
distributed, representing a convenient way of introducing some fiexibility into the model. 
Only in the case where a= 2 is it possible to create a mechanism generating the Weibull as a 
limi t distribution; the inherent conditions of the process can be found in Gnedenko, Béliaev, 
& Soloviev (1972, pag. 107). 

{2. The Method of Estimation 

The estimates of the parameters are obtained by max1m1zmg the likelihood function. 
Given a sample of n independent spell durations, t 1 , .•• , tn, the logarithm of the likelihood of 
the Weibull is: 

n 

L= na:logÀ + nloga: +L[( a:- l)logti- (.>.ti)a]. (8) 
•=l 

The estimates, as is well-known, are obtained by solving a system of partial differential first 
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arder equations with respect to >. and a. 

aL n 

8 =n- .L (>.ts· =o 
). i=l 

aL n n 
aa = ~ + L[1- (.\t;)a]log(>.t;) =O. 

(9) 

i= l 

There are various methods of solution (Goldfield & Quandt, 1972; Aitkin & Clayton, 1980). 
In this case, after obtaining >. from the first equation and replacing it in the second one, we 
obtain an expression which depends only on a: 

n 

n "'"' n -+~[l- ( I:n a) tf]log(ti) =O. 
a . 1 t. i=l t= ' 

(lO) 

This equation is solved by using the sign method, checking the Hessian to verify whether the 
point is a maximum. This procedure is a modified version of the bisection method (Ralston, 
1971, p. 461). 

Variance of the estimates is given by the expected value of the diagonal elements of the 
inverse of the Fisher information matrix. It is defined by the second partial derivatives with 
signs changed. The expected value may be determined consistently by calculating the second 
partial derivatives at the point defined by the maximum likelihood estimates (Rao, 1973), as 
in the following: 

(11) 

5. The Results of the Experiments 

We have included some tables in Appendix A, to provide a picture of the results of the 
simulation according to different esca p e rates ( r), various sampling sizes (n), an d severa! 
sets of probabilities of selecting groups (Pi), in the cases of homogeneous an d heterogeneous 
populations. The parameters of the Weibull (the location and the shape), the Kolmogorov
Smirnov test, the chi-squared test5 , and the logarithm of the likelihood function are reported 
for each set of experiments in these tables. 

5 The chi-squared test depends on how the data. have been grouped and, a.t times, the outcome ma.y 
va.ry a.ccordingly. Ten classes of equa.l proba.bility ha.ve been used implying nine degrees of freedom . 
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As non-steady state conditions did not lead to any particular change in steady-state 
results , a subsection is devoted to a brief description of the outcomes in this case . 

5.1. The homogeneous population 
According to our scheme, for the homogeneous stock of unemployed, the probability 

of escaping is 1/ Pu. This implies that the durations of the spells must be exponentially 
distrìbuted and the Weibull distribution must have a shape parameter equal to one. The 
results, shown in Table l, may be summarized as follows. 

l . An increase in the exit rate determines an increase in the location parameter or a decrease 
in the mean of the spells lengths, a slight increase in the variance of the mean, and a 
slight increase in the shape parameter. When the tests of goodness of fit do not lead to 
the rejection of the Weibull, the shape parameter does not differ from one, that is, the 
spell durations are exponentially distributed. 

2. An increase in the sampling size determines a decrease in the value of the exit rate 
below which the tests of goodness of fit do not lead to the rejection of the exponential 
distribution. This dependence , although not completely unexpected, seems relevant 
because the conclusions reached from a survey may change as the sampling size changes. 
In fact, the badness of fit and, therefore, the inadequacy of the distribution, were revealed 
only in large samples. 

3. The upper bound of the interval of exit rate, within which the Weibull fits the data well, 
is never greater than 10% and it diminishes with the sampling size. On the contrary, 
the lower bound does not show any restriction. Experiments have been made with exit 
rates u p to 0.01 %, which is already an unrealistic value. 

Thus, it may be concluded that the spelllengths observed in homogeneous populations are 
exponentially distributed only when the exit rates are lower than the values which depend 
on the sampling size. An increase in the replacement rate of the stock of the unemployed 
determines a modificatìon in the distribution. 

5.2. The Heterogeneous Population 
According to our scheme, for the heterogeneous stock of unemployed the probability of 

escaping is pif(Pu/g) and the values of P• are different for every group in the stock. The 
results -some of which are reported in Tables 2 and 3- seem to confirm the decreasing 
escape rate for the heterogeneous populations, as foreseen by numerous theories on job
search. The relations between the exit rate r, the sampling size n, and the parameters of the 
distribution are almost the same as the ones reported for the homogeneous population. 

l . An increase in the exit rate determines , once again, an increase in the location parameter 
or a decrease in the mean of the spell lengths, a slight increase in the variance of the 
mean , and a slight increase in the shape parameter. When the Weibull fits the data well, 
the shape parameter is almost always lower than one and it implies a decreasing hazard. 

2. An increase in the sampling size determines, once again, a decrease in the value of the 
exit rate, below which the tests of goodness of fit do not lead to a rejection of the Weibull 
with a shape parameter lower than one. This dependence is relevant to empirica! studies 
because the size of sample may affect the conclusions concerning the inadequacy of the 
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distribution adopted. 
3. The upper bound of the interval of the exit rate, within which the Weibull is not rejected 

by the goodness of fit tests, is never greater than 10% and i t diminishes with the sampling 
size. On the other hand, the lower bound, once again, shows no restriction. Experiments 
h ave been made with exit rates up to 0.01 %. 

4. When the difference between the escape probabilities of the various groups increases (at 
least in the g = 2), a decrease in the parameter a is observed. 

5.9. The non-steady state conditions 
The results already described refer to a constant exit rate relative to a steady state. The 

model generating the unemployment spells allows us to examine how their distribution chan
ges under non-steady state conditions. These conditions are introduced in the experiments 
by varying the exit rate at random, in apposite directions and in a more complicateci way. 
For example, a decreasing exit rate arises when the number of individuals who exit from the 
queue (/t) decreases as the queueing population (P,J remains constant; see equation (3). This 
case may represent different situations in the labour market: a reduction of new jobs and/or 
dismissals and/or resignations and/or retirements. Likewise, an increasing exit rate arises 
when lt increases and this may happen when there are additional new jobs and/or dismissals 
and/ or retirements, and so an. 

It is appropriate at least to distinguish the sporadic changes in the exit rate from the 
frequent changes aver time. The former require a time interval between the changes large 
enough to allow the queue to return to a steady state. In such a case, it is possible to analyse 
the changes one at a time because we have two steady states separated by a transient. 

When the exit rate varies continually it generates a sort of continuous transient. If the 
values of the exit ratea are lower than the upper bound found in the previous subsections, 
the distribu tion of the spell lengths remains a Weibull and its scale parameter increases or 
decreases as the exit rate increases or decreases. In fact, an increase in the scale parameter 
implies a decrease in the mean of the spell lengths, as well as an increase in the exit rate. 
However, the variations of the exit rate may occur in a given interval with an upper bound 
lower or almost equal to the one previously found . The results reported in Table 4 show that 
the parameters of the distribution of the unemployment spells, generateci under "continuous" 
transient conditions, are similar to the parameters of the distribution of the unemployment 
spells generateci under steady-state conditions and a fixed exit rate equal to the mean of exit 
rates of the transient. 

5.4. The spell durations observed in the real labour market 
A.s an application , let us consider a sample of completed spells far dose to 12,500 indivi

duals from 4,677 households in the Italian region of Emilia-Romagna. The sample was drawn 
according to the same technique used by the Istituto Centrale di Statistica (ISTAT), the 
most important national data collection center in ltaly, with individuai interviews conducted 
in January 1984. We surveyed personal characteristics, family composition, and locallabour 
demand, starting from January 1983 and reconstructed the changes in states aver 52 weeks 
in 1983. Hence, it is possible to obtain the completed spells of employed and unemployed 
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workers, for which the beginning and the end of the spells are given by retrospective data. 
We have distinguished the first-job seekers from those who had been dismissed and those 

who had resigned and were looking for new jobs. Table 5 reports the estimateci parameters 
of the distribution of the observed spells, together with the results obtained by Flinn (1986) 
for the same period in Italy. The shape and the scale parameters of the first-job seekers are 
different from those relative to the group made up of dismissed individuals and those who 
resigned. The former have a shape parameter slightly greater than one, which implies an 
exponential distribution in any case, whereas the latter have a shape parameter statistically 
lower than one. The individuals looking for their first jobs have a scale parameter lower than 
the dismissed individuals and those who resigned. Hence, the former have a higher mean of 
spell duration than the latter. These results show the difficulties in finding new jobs. In fact, 
the means of the spells are higher than those reported in the literature for other countries 
(Salant, 1977; Solon, 1985; etc.). 

The data reveal a marked difference between males and females. In fact, 59 percent of 
females were looking for their first jobs and 65 percent of females were looking for new jobs. 
\1oreover, the means of the spells for females are higher t han those for mal es. These figures 
indicate that the females experience many disadvantages in the labour market. 

6. Discussion and Conclusion 

In a recent work (Lalla, 1989), the distribution of unemployment spell durations has 
been analysed by means of a model focusing only on the generation mechanism, thus with 
the exit rate depending on severa! characteristics of the simulation process. This is not only 
unrea.listic, but it complicates the results. On the contrary, in the model presented in this 
p a per, the ex i t rate is independent of other determinants of the process an d c an be controlled 
during the generation of spell lengths. The practical advantage is that by varying the exit 
rate, we can study both steady state and non-steady state conditions and what happens at 
a given exit rate. This model makes it easier to examine large stocks of the unemployed too. 
However, the results reported h ere are slightly different from those obtained with the other 
model and they seem to confirm hypotheses and distribution patterns of some interest to 
theoretical and empirica! research. 

The main aspects of the results obtained may be summarized as follows. 
l. Homogeneous unemployed workers experience spelllengths that are exponentially distri

buted. 
2. Heterogeneous unemployed workers experience spell lengths distributed as a Weibull, 

with a shape parameter lower than one or a decreasing hazard. 
3. The Weibull fits the data well only when the exit rates are lower than an upper bound, 

which is never greater than 10%, but this upper bound decreases when the sampling size 
1ncreases. 

4. Whenever the exit rate varies at levels lower or dose to the upper bound, the distribution 
of the spelllengths, generateci under non-steady state conditions, does not reveal changes 
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in the goodness of fit. 
The fìrst and the second conclusions correspond to the patterns expected for the distri· 

bution of unemployment spells in the cases of homogeneity and heterogeneity, respectively. 
Therefore, they provide further evidence of the validity of the assumption of heterogeneity of 
unemployed workers to explain the declining aggregate escape rate. On the other hand, the 
third and the fourth conclusions are the more interesting findings of this study and provide 
some information about the limits of the validity of the expected results. Thus, when the exit 
rate is greater than 10%, we may have some doubts about the exponential and Weibulllaws 
of duration. This suggests that when there is a large group of individuals who frequently 
enter and exit from the queue amongst the queueing population, the Weibull distribution 
may be inadequate. The dependence of the goodness of fit on the sampling size is still con· 
firmed, but it lends some uncertainty to empirica! results, which must change as the sa.mple 
size changes. The steadiness of the distribution law of durations can be easily assumed when 
the exit rate decreases and/or increases, but it remains prevalently below the upper bound 
mentioned previously. 

Although the results reported above present interesting characteristics and a robust 
trend, applicable also to large queueing populations, the job market may be studied further 
by slightly modifying the model. 
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APPENDIX A 

Table l - Estimates of Weibull Parameters, Tests of Goodness of Fit 
(>..Ks,x2 ), Likelihood Function (L}, and Standard Deviation for Com-
pleted Spells Produced by Random Selection from a Homogeneous Po-
pulation at different values of the exit rate and sampling size. 

n and r values >.. a >..Ks 2 
X(9) L 

SD SD SD SD SD 

n= 200 
r = 0.5% 0.0051 1.005 0.586 6.22 -1257.30 

0.0004 0.056 0.143 3.54 13.85 

r = 1% 0.0100 1.028 0.599 6.15 -1119.78 
0.0007 0.055 0.146 3.33 13.78 

r = 2% 0.0198 1.040 0.644 6.77 -981.32 
0.0015 0.056 0.149 3.75 14.41 

r = 5% 0.0491 1.075 0.833 9.09 -796.46 
0.0034 0.057 0.168 4.86 12.90 

r = 10% 0.0956 1.136 1.084 15.95 -657.57 
0.0070 0.055 0.190 8.19 15.06 

r = 20% 0.1873 1.241 1.669 69.40 -512.79 
0.0111 0.056 0.202 19.86 12.94 

r = 30% 0.2739 1.350 2.232 176.85 -426.06 
0.0156 0.065 0.224 27.79 14.03 

n= 400 
r = 0.5% 0.0050 1.017 0.592 6.08 -2516.29 

0.0003 0.040 0.136 3.18 18.57 

r=1% 0.0100 1.023 0.640 6.62 -2239.04 
0.0005 0.037 0.154 3.41 20.65 

r = 2% 0.0199 1.035 0.713 7.26 -1961.15 
0.0011 0.038 0.146 3.72 20.90 

r = 5% 0.0487 1.077 0.956 11.73 -1595.64 
0.0023 0.038 0.166 6.17 18.74 

r = 10% 0.0960 1.133 1.385 27.16 -1313.65 
0.0045 0.041 0.187 10.65 19.46 

r = 20% 0.1864 1.237 2.230 133.23 -1027.86 
0.0078 0.042 0.204 33.82 18.00 

r = 30% 0.2737 1.345 3.114 352.80 -852.69 
0.0104 0.048 0.223 39.96 18.69 

( continued) 
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( continued) 

n and r values >. a >.xs 2 
X(9) L 

SD SD SD SD SD 

n= 800 
r = 0.5% 0.0050 1.013 0.629 6.75 -5035.05 

0.0002 0.024 0.143 3.93 25.64 

r = 1% 0.0099 1.022 0.681 7.46 -4483.28 
0.0003 0.028 0.148 3.97 25.73 

r= 2% 0.0198 1.036 0.814 9.15 -3926.32 
0.0007 0.026 0.164 4.77 27.04 

r=5% 0.0486 1.074 1.187 17.70 -3194.25 
0.0016 0.026 0.185 9.03 25.89 

r = 10% 0.0953 1.127 1.805 46.62 -2634.27 
0.0029 0.028 0.193 16.48 24.31 

r = 20% 0.1864 1.231 3.071 272.85 -2056.97 
0.0059 0.032 0.215 62.38 29.97 

r = 30% 0.2735 1.337 4.322 707.28 -1708.69 
0.0075 0.032 0.237 59.18 25.86 

n= 1200 
r = 0.5% 0.0050 1.012 0.651 6.74 -7555.71 

0.0002 0.022 0.155 3.62 35.74 

r=1% 0.0100 1.022 0.699 7.95 -6719.62 
0.0003 0.022 0.141 4.09 36.74 

r= 2% 0.0198 1.032 1.000 9.49 -5890.71 
0.0006 0.022 0.161 5.29 33.96 

r= 5% 0.0488 1.070 1.384 24.33 -4787.82 
0.0013 0.022 0.179 12.44 32.91 

r = 10% 0.0958 1.127 2.152 67.10 -3944.65 
0.0025 0.019 0.189 20.11 31.43 

r = 20% 0.1862 1.234 3.708 410.61 -3085.22 
0.0049 0.024 0.239 94.46 33.90 

r = 30% 0.2727 1.341 5.214 1042.83 -2564.22 
0.0061 0.026 0.251 65.09 32.56 
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Table 2 - Estimates of Weibull Parameters, Tests of Goodness of Fit 
(>.K s, x2 }, Likelihood Function {L}, and Standard Deviation for Com-
pleted Spells Produced by Random Selection from aHeterogeneous Po-
pulation at different values of the exit rate and sampling size with the 
following probability of selecting two subgroups: P l = O. 7, pz = 0.3. 

n and r values ). a: ÀKS 
2 

X(9) L 
SD SD SD SD SD 

n= 200 
r = 0.5% 0.0052 0.941 0.671 7.10 -1256.50 

0.0004 0.049 0.159 3.82 16.75 

r=1% 0.0104 0.951 0.674 6.65 -1118.52 
0.0009 0.050 0.162 3.37 16.60 

r= 2% 0.0206 0.962 0.740 6.97 -980.62 
0.0017 0.042 0.201 4.46 16.71 

r= 5% 0.0512 0.990 0.898 11.46 -795.58 
0.0041 0.047 0.154 7.13 15.29 

r = 10% 0.1005 1.044 1.183 18.93 -655.89 
0.0072 0.045 0.181 16.29 15.23 

r = 20% 0.1943 1.139 1.805 91.77 -514.68 
0.0133 0.056 0.216 20.25 15.68 

r = 30% 0.2864 1.237 2.423 220.17 -426.93 
0.0165 0.065 0.245 33.98 14.59 

n= 400 
r = 0.5% 0.0052 0.939 0.713 7.09 -2511.96 

0.0003 0.035 0.177 4.14 20.06 

r=1% 0.0104 0.945 0.746 7.63 -2235.50 
0.0006 0.036 0.181 4.00 21.57 

r= 2% 0.0208 0.954 0.849 9.00 -1957.15 
0.0011 0.033 0.185 4.74 22.71 

r = 5% 0.0511 0.990 1.100 17.52 -1592.12 
0.0028 0.033 0.190 10.62 23.06 

r = 10% 0.1000 1.041 1.526 26.96 -1313.83 
0.0051 0.035 0.192 23.75 22.29 

r = 20% 0.1936 1.133 2.416 182.33 -1031.21 
0.0083 0.040 0.234 25.96 18.95 

r = 30% 0.2839 1.231 3.316 432.91 -858.04 
0.0115 0.049 0.241 51.81 20.43 

( continued) 
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( continued) 

n and r values À a ÀKs 2 
X(9) L 

SD SD SD SD SD 

n=800 
r = 0.5% 0.0052 0.930 0.852 9.41 -5027.04 

0.0002 0.025 0.210 5.41 32.25 

r = 1% 0.0104 0.941 0.888 9.62 -4476.55 
0.0004 0.026 0.185 4.65 33.18 

r= 2% 0.0207 0.950 1.025 6.15 -3918.87 
0.0008 0.026 0.173 6.15 29.74 

r= 5% 0.0509 0.983 1.394 32.34 -3188.20 
0.0020 0.024 0.211 19.34 31.69 

r = 10% 0.0999 1.037 2.025 44.44 -2629.34 
0.0035 0.025 0.207 32.22 30.35 

r = 20% 0.1936 1.129 3.298 366.25 -2063.48 
0.0061 0.027 0.211 27.79 29.85 

r = 30% 0.2850 1.230 4.584 865.63 -1712.61 
0.0080 0.033 0.238 72.98 29.18 

n= 1200 
r = 0.5% 0.0052 0.931 0.933 11.16 -7542.44 

0.0002 0.018 0.191 4.93 41.77 

r=1% 0.0103 0.937 0.997 11.18 -6718.70 
0.0003 0.019 0.184 5.17 36.94 

r= 2% 0.0207 0.948 1.142 14.66 -5881.90 
0.0007 0.020 0.221 7.30 39.46 

r=5% 0.0510 0.981 1.634 52.40 -4782.97 
0.0016 0.019 0.209 29.56 37.76 

r = 10% 0.0997 1.033 2.417 58.79 -3949.26 
0.0032 0.019 0.204 32.60 41.37 

r = 20% 0.1935 1.126 3.973 549.74 -3097.49 
0.0056 0.023 0.234 37.41 40.99 

r = 30% 0.2849 1.224 5.656 1304.48 -2572.76 
0.0072 0.029 0.252 107.27 38.79 
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Table 3 - Estimates of Weibull Parameters, Tests of Goodness of Fit 
(>.Ks,x2 ), Likelihood Function (L}, and Standard Deviation for Com-
pleted Spells Produced by Random S election from a Heterogeneous P o-
pulation at different values of the exit rate and sampling size with the 
following probability of selecting five groups: P l = 0.40, P2 = 0.30, P3 = 
0.15,p4 = 0.10,p5 = 0.05. 

n and r values ). a >.Ks 2 
X(9) L 

SD SD SD SD SD 

n= 200 
r = 0.5% 0.0058 0.866 0.813 8.72 -1243.29 

0.0005 0.043 0.194 4.37 17.05 

r=l% 0.0115 0.873 0.854 8.80 -1106.08 
0.0011 0.043 0.229 5.11 18.61 

r = 2% 0.0228 0.872 0.897 10.33 -968.19 
0.0018 0.043 0.193 5.23 16.41 

r = 5% 0.0564 0.913 1.090 13.80 -784.05 
0.0050 0.045 0.187 6.52 18.03 

r = 10% 0.1100 0.954 1.398 50.39 -646.69 
0.0092 0.045 0.209 16.84 18.11 

r = 20% 0.2121 1.046 2.042 130.90 -506.06 
0.0157 0.051 0.221 26.69 17.57 

r = 30% 0.3088 1.139 2.712 293.25 -421.03 
0.0192 0.063 0.234 39.72 16.62 

n= 400 
r = 0.5% 0.0058 0.854 0.987 11.93 -2488.84 

0.0004 0.029 0.209 5.59 24.63 

r=l% 0.0113 0.862 1.019 11.62 -2217.84 
0.0007 0.030 0.206 5.51 25.29 

r = 2% 0.0228 0.870 1.148 15.49 -1937.23 
0.0014 0.029 0.227 7.13 25.36 

r = 5% 0.0560 0.906 1.352 20.95 -1571.12 
0.0033 0.033 0.208 9.61 24.26 

r = 10% 0.1083 0.951 1.807 108.88 -1299.23 
0.0064 0.033 0.221 26.32 25.59 

r = 20% 0.2098 1.033 2.799 253.60 -1018.44 
0.0107 0.039 0.219 30.08 24.88 

r= 30% 0.3102 1.126 3.764 601.28 -842.31 
0.0136 0.048 0.245 54.36 23.75 

( continued) 
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( continued) 

n and r values .À a ÀKs 2 
X(9) L 

SD SD SD SD SD 

n= 800 
r = 0.5% 0.0058 0.850 1.293 19.64 -4977.75 

0.0003 0.020 0.251 8.29 34.72 

r= 1% 0.0114 0.853 1.351 20.67 -4429.51 
0.0005 0.022 0.248 8.11 34.46 

r=2% 0.0228 0.864 1.447 23.92 -3874.97 
0.0011 0.021 0.227 9.48 36.87 

r=5% 0.0556 0.897 1.835 38.11 -3151.04 
0.0024 0.023 0.233 13.50 37.13 

r = 10% 0.1087 0.940 2.490 212.90 -2599.57 
0.0047 0.023 0.216 28.45 38.11 

r = 20% 0.2109 1.032 3.807 501.23 -2032.67 
0.0079 0.028 0.227 47.46 35.78 

r= 30% 0.3096 1.113 5.265 1205.82 -1691.03 
0.0113 0.032 0.243 90.96 37.62 

n= 1200 
r = 0.5% 0.0057 0.843 1.492 26.93 -7478.37 

0.0002 0.016 0.243 9.13 42.27 

r = 1% 0.0115 0.847 1.583 28.55 -6645.45 
0.0004 0.018 0.241 9.72 40.71 

r=2% 0.0227 0.860 1.720 33.33 -5819.05 
0.0008 0.018 0.234 12.57 40.52 

r = 5% 0.0555 0.890 2.188 52.91 -4732.26 
0.0021 0.018 0.220 14.50 46.95 

r = 10% 0.1086 0.935 2.977 313.61 -3903.32 
0.0034 0.020 0.224 37.86 42.02 

r = 20% 0.2106 1.021 4.618 753.68 -3056.93 
0.0062 0.020 0.229 57.17 40.65 

r = 30% 0.3078 1.108 6.387 1799.28 -2545.93 
0.0092 0.028 0.269 107.77 47.24 
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Table 4 - Estimates of Weibull Parameters, Tests of Goodness of Fit 
(>..K s, x2 }, Likelihood Function (L}, and Standard Deviation for Compie-
ted Spells Produced by Random Selection from a Homogeneous and a 
Heterogeneous Populations varying the ezit rate over time for sam-
pling size egual t o 4 00. 

n and r values >.. a >..Ks 2 
X(9) L 

SD SD SD SD SD 

r Uniformly distributed in the interval specifìed 

Homogeneous population 
r E [1%,3%] 0.0198 1.036 0.704 7.30 -1963.63 

0.0011 0.039 0.151 4.18 21.83 

r E [3%,7%] 0.0490 1.073 0.961 10.68 -1594.38 
0.0028 0.044 0.163 5.25 22.85 

r E [6%,14%] 0.0958 1.130 1.391 27.11 -1315.21 
0.0058 0.045 0.198 9.60 24.76 

r E [15%,25%] 0.1862 1.232 2.218 134.35 -1029.19 
0.0103 0.047 0.225 36.30 24.16 

Heterogeneous population (Pl =0.4, pz =0.3, P3 =0.15, P4 =0.1, P5 =0.05) 
r E [1%,3%] 0.0225 0.841 1.194 17.86 -1948.50 

0.0014 0.041 0.235 8.34 26.00 

r E [3%,7%] 0.0551 0.874 1.424 25.08 -1585.07 
0.0040 0.038 0.209 10.26 31.10 

r E [6%,14%] 0.1089 0.919 1.814 98.68 -1304.01 
0.0081 0.038 0.246 22.38 31.48 

r E [15%,25%] 0.2101 1.001 2.724 259.41 -1023.48 
0.0145 0.048 0.281 47.70 31.96 

r Lognormally distributed L( m, a 2 ) 

Homogeneous population 
L(2%, 1/4%) 0.0197 1.032 0.708 7.23 -1965.51 

0.0009 0.037 0.158 4.08 18.76 

L( 5%, 4%) 0.0487 1.078 0.958 10.89 -1594.94 
0.0023 0.038 0.182 4.96 18.14 

L(10%, 16%) 0.0957 1.133 1.380 26.23 -1314.79 
0.0050 0.037 0.181 11.18 21.94 

L(20%, 25%) 0.1862 1.229 2.229 136.65 -1029.54 
0.0079 0.038 0.202 33.91 18.07 

( continued) 
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( continued) 

n and r values ..\ a ..\Ks 2 
X(9) L 

SD SD SD SD SD 

Heterogeneous population (Pl =0.4, pz =0.3, P3 =0.15, P4 =0.1, P5 =0.05) 
L(2%, 1/4%) 0.0224 0.838 1.216 18.49 -1949.71 

0.0015 0.032 0.233 8.42 28.17 

L( 5%, 4%) 0.0551 0.873 1.399 24.75 -1584.41 
0.0030 0.039 0.211 11.48 23.99 

L(10%, 16%) 0.1072 0.914 1.800 103.77 -1311.19 
0.0065 0.041 0.242 20.35 27.61 

L(20%, 25%) 0.2092 1.003 2.726 254.87 -1026.01 
0.0119 0.046 0.243 38.30 27.53 

r increases linearly in the interval specified 

Homogeneous population 
r E [1%,3%] 0.0269 1.015 0.779 8.14 -1844.40 

0.0015 0.039 0.164 4.35 23.00 

r E [3%,7%] 0.0625 1.060 1.126 18.58 -1498.62 
0.0029 0.040 0.177 9.54 20.84 

r E [6%,14%] 0.1230 1.131 1.636 34.49 -1214.38 
0.0060 0.040 0.193 33.27 20.92 

r E [15%,25%] 0.2168 1.245 2.554 202.80 -965.20 
0.0087 0.048 0.231 27.52 19.75 

Heterogeneous population (Pl =0.4, pz =0.3, P3 =0.15, P4 =0.1, P5 =0.05) 
r E [1%,3%] 0.0305 0.815 1.342 24.26 -1831.47 

0.0019 0.033 0.242 10.90 27.58 

r E [3%,7%] 0.0710 0.858 1.627 52.67 -1486.84 
0.0046 0.034 0.232 35.46 28.12 

r E [6%,14%] 0.1385 0.915 2.175 99.09 -1208.88 
0.0084 0.042 0.221 13.52 28.93 

r E [15%,25%] 0.2467 1.013 3.116 397.62 -957.82 
0.0139 0.049 0.235 44.43 29.44 
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Table 5 - Estimates of Weibull Parameters, Tests of Goodness of Fit 
(>.Ks, x2 }, Likelihood Function (L), an d Standard Deviation for Com-
pleted Spells {meCUJured in weeks) observed in a sample of individuals 
in the Italian region of Emilia-Romagna, and the estimates obtained by 
Flinn for Italy. 

Group ).. a ÀKS 2 
X(9) L 

SD SD SD SD SD 

lndividuals looking for their first jobs 
Males (n= 48) 0.0195 0.898 0.540 4.13 -239.01 

0.0033 0.100 

Females (n= 68) 0.0112 1.280 0.854 6.24 -364.90 
0.0011 0.116 

M+ F (n= 116) 0.0137 1.072 0.538 7.32 -609.68 
0.0013 0.076 

lndividuals looking for new jobs 
M ales (n = 115) 0.0373 0.988 0.653 7.21 -494.01 

0.0037 0.068 

Females (n = 217) 0.0334 0.883 1.042 23.01 -966.92 
0.0027 0.043 

M+ F (n= 332) 0.0347 0.910 1.027 11.35 -1462.64 
0.0022 0.036 

Flinn (IT, n= 1035) 0.0850 1.021 -3559.08 
without heterogeneity 0.0070 0.052 

Flinn (IT, À1s) 0.0270 1.868 -3545.25 
with heterogeneity 0.0030 0.198 

(>.28) 0.0820 
0.0060 
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