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ABSTRACT

A statistical model is developed for describing the survival distribution of the
waiting time to have a job for unemployed individuals. With such a model it is plossible
(o make statistical inlerences. It should be noted that in order to develop this model,
one requires the lifetimes of all individuals under study. In many cases these lifetimes
arc not available. The model suggested in the present study introduces a method to
overcome this difliculty. An application of the suggested model to the case of Egypt in

- 1996 15 introduced.
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1. INTRODUCTION

In any couﬁtt& the rate of unemployment is one of the most sensitive
measures of social and économic development. Length of non-working life
is avaluable 1ﬁéésure in studie$ of unemployment. It represents the period
"'of lifc spent outside the work force. It is affeétéd mainly by the level and -
“duration of labour force parfi”cipation. _

Unemployment is affected by 1ﬁany socio-economic variables; such
as: educational level, marital status, sex, the presence of dependents in the
houschold, the preSencc of other wage earners in the household, theA.

number and type of jobs created for young people by economic



development, school enrolment trends, the size of the old-age pension, and
for women in general unemployment is affected by, age at marriage and

number of children.

The econometric problems and methods involved in interpreting the
causes of variation between unemployed job seekers in the duration of
unemployment in the light of search theories have been studied by many
economists [ Lancaster (1979) and Balch and Bichaka ( 1997) ].

Many studies investigate the effect of unemployment insurance on
transition from unemployment to employment and on labour force with-
drawl. The results of these studies suggest that unemployment insurance
lengthens unemployment spells [Miles (1993), Poterla and Summers
(1995) and Gourieroux and Scaillet (1997) ].

The demographic literature is rich in studies concerned with.

unemployment. Most of these studies are descriptive and little attention is
given to examine the duration of unemployment. [Addison and Portugal
(1992), Andrew and Alan (1992), Fusun (1992), James (1995), Datta gk,
al. (1999) and Firth and Payne (1999) ]. Working life tables are used in
studying the loss of economically active life due to unemployment. [ El-
Biblawi (1990), El-Waffa'l. (1993)] .

The present study is concerned with the development of more
efficient statistical methods for studying the duration of unemployment.

The aim of the present study is to develop what, we would call, a
statistical model to represent the survival distribution of unemployment
i.c. the distribution of the waiting time to have a job for unemployed
individuals and to make statistical inferences on the basis of this model. It
should be noted that in order to develop this model, one requires the
lifetimes of all individuals under study. In many cases these lifetimes are

not available. The model suggested in the present study introduces a
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method to overcome this difficulty and enables researchers to utilize such
data. A theoretical framework is introduced in Section 2. The suggested
model is presented in Section 3. In Section 4 an application of the

suggested model to the case of Egypt in 1996 is introduced.

2. THEORETICAL FRAMEWORK

The times to the occurrences of events are termed ™ survival times ”
‘or > lifetimes ” or ” waiting times ”. In the present study we are interested
in the analysis of the survival times of unemployed individuals.

Let T be a continuous nonnegative random variable representing the
survival times in the unemployment state for individuals in the population
under study.

Let 7@ denote the probability density function (p.d.f.) of 7 and let

the distribution function be:

F(1)=P(T<1t)= [ (). | Q.0

The probability of an individual surviving in the unemployment state

till time t is called the survival functionS(7), where:

SW)=P(T21)=|"f(x)de=1-F(1). | (2.2)

Note that S(s)is amonotone decreasing continuous function with §(0) =1
and §() =limS(1) = 0.

The hazard function specifies the instantaneous probability of
having - a job at time t, given that the individual stayes in tlie

unemployment state up till t, it is defined as

P{i<T<t+At|T>1

h(?) =lim { = | ) = f(t)
At—0 At S(f)

ie. the hazard function describes the way in which the instantaneous

(2.3)

probability of having a job for an individual clianges with time.
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The hazard function /(z) for a continuous survival time distribution
possesses the following properties:

H()20 and [ h()di=co.

Having determined A(f), it is easy to derive expressions for

S(1) and £ (¢) as follows:

S =exp{— jo‘h(x)dx}, and 2.4)

1) =h(1).exp{— jo'h(x)dx} . (2.5)
All functions, unless stated otherwise, are defined over the interval [0,c).
Unemployed individuals in a certain age group are considered a
random sample censored at the end of this age group i.e. we have Type |
censored sample .
Suppose that there are n individuals under study and:
7' . is the survival time of the if4 individual .
L, is a fixed censoring time for the iz; individual .
The 7,'s are assumed to be ii.d. with p.d.f /() and survival function
S(1) . The exact lifetime 7 of the ; th individual wiil be observed only if
7 <1I,. The data in this case can be represented by the n pairs of random

variables (7,,y,) wheret, = min(7,, L) and

1 of L2
y, = N e
P10 if B>L

The joint p.d.f. of 7, and y,1s 7(1,)" S(L,)"™ .
The general form of the likelihood function if the pairs (z,,7,) are

independent for Type I censored data is

L= f_;[f(ti)" S(L)™ (2.6)
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For Type I censoring, exact small-sample test and interval
estimation procedures are not easily obtainable, therefore methods based

on large-sample properties of maximum likelihood are recommended

[ Bain (1978) ]

In the case of constant hazard rate, the distribution of waiting time is

exponential with the following p.d.f.
f(l):-élTexp{—.-;-}, ’ 120,60>0, ' (2.7)

for this exponential model, the likelihood function (2.6) in the case of Type

I censored sample is

L@#)= 'n {%exp _?/" Hexp{— L-r) (lg 7'.)}

(2.8)

where r is the observed number of lifetimes in the unemployment state, and

the m.l.e. for @ is;

6L
-

: r>0 (2.9)

where T=) 1, is the total observed lifetime.

i=1

“The Fisher informaﬁon IS : . . ,
d*logL 1 s L.
1(9)=E{— d92g :I:?;{l—exp{——é'-}] : (2.10)

and the asymptotic normal approximation is :

~NO,D). | @2.11)

is used to obtain confidence intervals or significance tests for ¢ . It should

be noted that in- order to calculate /(6 )one requires the censoring times
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7 of all individuals in the sample. In cases where these ccnsoring times are

not all available, the asymptotically equivalent approximation can be used :

¢ _,9 ~ N(0,)), (2.12)
.}
where
d*loglL r
| _ - 2.13
10 [ dez L 6 ‘9-2 ( )

is the observed information.

If A(7)<6<B(T)is an « confidence interval for the mean survival

time 6 , then :

11
1
B(I) "8

1
< —
A(T)

1

is an « confidence interval for the constant hazard rate , 1 = R

1, 1,
exp{— 7(7_)} <S8(f,) < exp{— ﬁ}
is an a confidence interval for the survival function at 1, 5(,),
[~ log(1 - IAT) <7, <[~ log(l - P)]B(T)
is an a confidence interval for the prh quantile of the distribution, 7,

where:

1,=0 [—Iog(l—p)].

3. THE SUGGESTED MODEL

3.1 Model Assumptions
I Individuals in each age group are considered a random sample censored

at the end of this age group i.e. we have Type I censored samples.
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2. The case of a single lifetime variable, 7', is considered, where T is a
non-negative continuous random variable representing the lifetimes of

individuals in the unemployment state in a homogeneous population.

a

3. vhe instantaneous probability of having a job,%, [the rate of

occurrence] in each age group is taken to be constant i.e. the distribution
of waiting time to -have a job is exponential with the p.d.f. given in
equation (2.7).

4. Length of non-workin.g life in a certain age group is measured by the
gross years of non—wbrking life, where:

The gross years of non-working life, represents the difference between

probable gross years and actual gross years of working life and actuél

‘gross years of working life is calculated to each age group as the product

of the age-specific acti\/ity rate by the length of the age gr'odp interval.

32 Model Building

. Length of non-working life is calculated as the difference between the
length of the age interval and the actual gross years of working life. |

2. Length of non-working life in a certain age-gréup is used as an estimate
of the mean survival time in the unemployment state.

3. Hence, the moment'eStimator, 6 , of the parameter 6 can.be obtained .

4. A random sample can be generated using the resulting estimated waiting

time distribution. It must be censored at the end of the age interval i.e.

we have a Type I censored sample.

5.The resulting sample can be used to make the required statistical |

inference.
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3.1 Model Extensions.

I. The assumption of a constant hazard function is a very restrictive one; it
is more realistic to assume that the instantaneous probability of having a
job in each age group is increasing or .decreasing and the model with
increasing or decreasing hazard rate is more suitable.

2. The model may be extended by using a more refined measure to the
length of non-working ages than the gross years of non-working life such
as the net years of non-working life which represents the length of non-
working years for a generation including persons whose working life is
affected by death before they reach retirement age and hence takes into
account both the level of economic activity and Istes due to mortality.

Also, measures obtained using working life tables can be used.

4. APPLICATION

The burden of unemployment in Egypt is increasing. The results of
the 1996 census of Egypt revealed that the length of non-working life for
males 1s higher among younger ages in all educational categories, but this
measure 1s higher for females in middle ages because of increasing
household work and caring for children in these ages. Also, length of non- |
working life is higher for females in all age groups for different educational
categories .

Education is one of the most important factors affecting
unemployment. The basic concern here is to investigate the effects of
different educational categories on durations of unemployment through an

application of the survival model suggested in Section 3 to the case of

Egypt in 1996 .



In the present application, survival analysis for durations of
unemployment is carried out for the following three educational
categories:- _

{ Less than intermediate [which will be denoted by the Ist educational
category].

2. Intermediate [which will be denoted by the 2nd educational category ].

3.University degree [which will be denoted by the 3rd educational
category].

The present application concentrates on younger ages in which
individuals begin to search for work after they complete their schooling .
Hence, the age group 15-25 is studied for the first two educational
- categories and the age group 25-40 is studied for the tlnive;sity degree .

Separate analys_is is necessary for males and females to represent
‘sex differentials. - ‘ |

The application of the model is developed through the follo.wing
steps :- |
First :

using data of the most recent population census condﬁcted in A.R.E.
in 1996, the length of non-working life is calculated as follows :

(l)lAAge specific employment rates (A.S.E.R) are calculated, where the ‘
AS.ER in a certain age group [e.g. the jth age group] is defined as the

number of employed individuals in the jth age group divided by the

number of individuals at the mid point of the jth age group .

The data required for the caléulation of the A.S.E.R.are ;-

- The distribution of individuals by agé and educational status .

- The distribution of employed individuals by age and educational status .
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.2) Actual gross years of working life is calculated to each age group as
the product of the A.S.E.R by the length of the age group interval .
(3) Length of non-working life measured by the gross years of non-
working life is then calculated as the difference between probable gross
years and actual gross years of working life . This measure in the selected
age groups is found to be 5.010, 6.150 and 1.740 years for males who
received less than intermediate, intermediate and higher education
respectively. The corresponding measure for females is found to be 9.680,
8.040 and 5.565 years. |
Calculations are shown in tables (1) to (6) in the Appendix.
Second :
The calculated length of non-working life measured by the gross
years of non-working life is used as an estimator of the mean survival time
in the unemployment state, and we have the following moment estimators

for 6 :

6, =5.010 ,
6, =9.680 |

=6.150 , 6, =1.740

é2m
6, =8.040 , 6, =5.565

where

6, is the mean survival time in the unemployment state for males in the
kth educational category, and

0, is the mean survival time in the unemployment state for females in
the kth educational category

andk=1,23.

Having determined the mean survival time in the unemployment state, the

corresponding waiting time distribution  defined in equation (2.7) is

determined, and we have the following estimated waiting time distributions



Finl) = 02006><p(————) 120 - (4.1)

5.010° .
f2 (1) = Ol63exp(—6—1—5——0—) 120 (4.2)
flf() 0.103 exp(——%) 120 (4.4)
fzf() 0.124exp(- 040) 120 (4.5)
f;,(() 0.180exp(- 565) 120 (4.6)

o
wher§ :

fi. (O1s the waiting time distribution in the unemployment state for males
in the kth educatiQnaI category , and

S, (0is the waiting time distribution in the unemployment state for females
' t

in the kth educational category,
and k= 1,2,3.
| Thlrd |

'IMS] computer program is used to generate type I censored samples
of size n =150 for the resulting estimated waiting time distributions defined
in equat1ons (4.1) ﬁo (4. 6).

The resulting samples are used to study the waiting time dlstnbutlon
of unemployment in the pre-determined three educatlonal categories and to
compare the effects of these educational categories upon survival times in
the unemployment state. Also, quantities such as the proportion of

unemployed individuals that will have a job within a specified time can be. |

estimated.
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Survival probabilities in the unemployment state for the three
educational categories in ages under study are illustrated in table (4.1).
From table (4.1), we found that, the survival function in the unemployment |
state is a decreasing one. Tﬁe probabilities of survival in the
unemployment state are higher in younger ages for all educational
categories and these probabilities are higher for females thaﬁ for males in
all age groups. The very highest probabilities of survival in the
unemployment state are found among males with intermediate education
and among females with less than intermediate education.

Point estimation and confidence intervals for the mean time in the

unemployment  state, ¢, and the hazard function ,% _ for the three

educational categories are displayed in Table (4.2) .

39



Table (4.1)
Survival Probabilities [S(to) = exp(—ﬁ)jl in the Unemployment State for the

‘Three Educational Categories in Ages Under Study.

26 ' ‘ 0.563 0.836
27 0317 | 0.698
28 " 0.178 0.583
29 0.100 | 0.487
30 0057 | 0407 |
3] B . 0032 | 0340
32 | " | 0018 | 0284
33 | 0010 | 0238
34 o 0.006 | 0.198
35 | - | 0.003 | 0.166
36 | B | | 0002 | j0.139
37 | i | ogo- | fo116
38 | - | 0,001 | 0097
39 . | | | o000 | 0080
0 | - 0000 | 0.000
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Table (4.2)

Point Estimation and Confidence Intervals for the Mean Time in the

" . 1 .
Unemployment State,§ , and the Hazai d Functlon,—é—, Calculated Using the

Generated Type I Censored Samples

P[0.168< ) <0.238]=0.95

P[4.205< 6 <5.965]=0.95

9.545 | p[7.626<6 <11.464]=0.95 | 0.105 P[0.087< ¥} <0.131}=0.95

6.237 | P[5.112<6 <7.362]=0.95 | 0.160 P[0.136< }, <0.196]=0.95

8.154 | p[6.580<8 <9.728]=0.95 | 0.123 P[0.103< }, <0.152]=0.95

1.720 | P[1.445<6 <1.995]=0.95 0.581 P[0.501< )4 <0.692]=0.95

5.643 | P[4.705<6 <6.581]=0.95 | 0.177 P[0.152< ¥, <0.213]=0.95
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Table (4)
Gross Years of Non-Working Life for Females with Less Than

Intermediate Education**

The same as in Table (1).

** The same as in Table (1).

e Source

Table (5)

Gross Years of Non-Working Life for Females with
Intermediate Education

The same as in Table (1).

* Source

Table (6)
Gross Years of Non-Working Life for Females with

.640

4
5
4
2

565
185
105

ty Degree

1Versi

aUn

5.360
9.435

815
895

10

2

0.536

0.629

721
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* Source

The same as in Table (1)
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