
P R A C E  N A U K O W E  A K A D E M I I  E K O N O M I C Z N E J  W E  W R O C Ł A W I U  

N r  1 1 6 2  -----------------------------------------------------------------------------------------------------------------------------------------------  2 0 0 7
A p p l ic a t io n s  o f  M a th e m a tic s  an d  S ta t is t ic s  in E c o n o m ic s

Eva Jarosova

University of Economics, Prague, Czech Republic

ESTIMATING THE UNEMPLOYMENT TIME MEDIAN 
IN THE CZECH REPUBLIC

1. Introduction

The level of unemployment belongs to the features of state’s economy that are 
given the greatest attention. The number of unemployed and the unemployment 
rate in the Czech Republic are published quarterly based on the results of the La­
bour Force Sample Survey (LFSS). The survey is organized by the Czech Statisti­
cal Office (CZSO) and is performed at more than 25 thousand households ran­
domly selected from all the Czech Republic. A part of the survey’s output can be 
found on the web site of the CZSO, where the numbers of the unemployed are 
given not only for the Czech Republic as a whole, but they are also classified by 
sex, age groups, education and some other characteristics. Classification by job 
seeking duration is particularly of interest. Unequal intervals represent approxi­
mately the time the unemployed had spent seeking a job before they were sur­
veyed. Although these data provide some information on the dynamic feature of 
unemployment, they do not show directly the time between the beginning and the 
end of a period of unemployment (TBBE for short).

The aim of our study* was to investigate the distribution of TBBE and to relate 
this to the various demographic and socio-economic factors. We used the “survival 
data” approach because no matter what scheme of observing unemployed individu­
als is chosen, the study is always terminated before all individuals have found their 
job and so the corresponding observations are censored. Aside from comparing 
different groups of the unemployed we were interested in whether there were any
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noticeable changes in the distribution over successive years. Some papers dealing 
with both parametric and semi-parametric models applied to data on TBBE were 
published abroad. Unfortunately, the sample of unemployed and the observation 
scheme were not fully described.

The absence of longitudinal data for the unemployed in our country was what 
made the investigation difficult. The question was whether the LFSS data could be 
used for that purpose anyway. These data are basically cross-sectional and do not 
enable observing unemployed individuals for a specific time period. On the top of it, 
data on TBBE are heavily censored and the type of censoring is rather complex. 
These features create an interesting problem for analysis. Solution of the problem 
required primarily the suitable way of selection of the unemployed from the LFSS 
database so that the absence of longitudinal data might be compensated. Consider­
ing the aim of the study and the character of the LFSS data a parametric model, 
namely the Accelerated Failure Time model was used. The median as the charac­
teristic of TBBE distribution in different groups of the unemployed was computed 
by means of the model and its dependence on time throughout the years 2000-2004 
was examined. S-Plus was used to estimate the parameters of the model.

2. Data set and variables

The data come from the LFSS that takes place quarterly. Households from the 
whole Czech Republic are randomly selected and form a rotating panel, i.e. one 
fifth of the households is substituted by new ones before the next survey. The 
number of visits of the household is limited up to five. Demographic and social 
data and additional answers concerning the economical activity for each member of 
the household over fifteen years of age are recorded during the interview. The un­
employed members state the time elapsed from the beginning of seeking a job by 
the time of the visit. This time is recorded only in a categorized form. Since 2002 
the last day of employment for persons with work experience is recorded yielding 
a little bit better specification of TBBE.

The unemployed having been found out during the first visit of the household, 
whereas surveys in the period from 2000 to 2004 were considered, formed the 
original sample. The results of their second interview were added from the LFSS 
database for the labour status of the individuals after a lapse of further 3 months to 
be determined. It follows that at the first visit all data on TBBE for unemployed 
are right-unbounded whereas after the second visit some of them are known to lie 
in a bounded interval. It was expected that the absence of longitudinal data might 
be settled in this way. Long-term unemployed who had been seeking job for more 
than 2 years were dropped from the data set, so were those aged more than 65 
years, leaving 6141 individuals in the sample, 2790 males and 3351 females.
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TBBE was the dependent variable. Lower and upper limits of intervals 0-1, 1-3, 
3-6, 6-12, 12-18, 18-24, possibly modified using information about the last day of 
employment, entered the model. Their values were taken either from the second 
interview, if given, or derived from the first interview, with respect to the 3-month 
difference.

The following explanatory variables were used during our investigation: SEX, 
EDU (highest educational attainment, (4 levels), AGE (age in 5-year brackets, 10 
levels), AREA (statistical territorial units, 8 levels), INV (reduced capacity to 
work, 3 levels), MAR (marital status, 4 levels), CHLD (children, 2 levels), HIS 
(activity status before seeking job, 6 levels), Q (index of survey, 1 to 19), and SES 
(seasonal component, 1 to 4).

3. Model

The unemployed enter the retrospective study at various times and are under 
observation for different lengths of time. Data are collected up to the date of the 
second visit. Type of censoring that arises due to the way of recording is rather 
complex. The individuals enter the study during the chosen time period (24 
months), the timing of the beginning of unemployment is interval-censored and we 
observe only that it is in some of the intervals mentioned above. It means that even 
if the exact time for the end of unemployment were observed, the exact duration of 
unemployment would be known only to lie in an interval. Although the theoretical 
solution of this double censoring exists and consists in the proper formulation of 
the likelihood function, available statistical software does not handle corresponding 
procedures. To make use of existing programs, the data are considered as interval- 
-censored.

The Accelerated Failure Time model takes the distribution of Y = lnT, where T 
is time of unemployment, given a vector of covariates x, to be of the form

S (y |x ) = S0 y  ~  prx —OO < j/ <ool

where pTx is a location parameter, b > 0 is a scale parameter, S0() is a fully speci­
fied survival function defined on (-°°;°°) and independent of x.

Another way to express the model is

Y = f x  + bZ,

where Z is a random variable with survival function 50(z ) .
The survival function for T given x is correspondingly of the form
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.i//.
S( t \ x)  = S*0

iexp(p7x )/ , t > 0 ,  5 * ( 0  =  5 0( l n 0 .

The covariates effectively alter the time scale which is the reason for the name 
of the model. If exp(prx) > 1, the effect of the covariate vector is to decelerate 
time, if exp(prx) < 1, the effect is to accelerate it.

Logistic distribution for Z (i.e. log-logistic distribution for T) with the survival

function S0(z) = ------ -̂----- was chosen based on our previous studies, see [1; 2].
l-l-exp(z)

The median of T equals exp(prx).
The vector of covariates x included variables mentioned above. Variable Q de­

noting the order of the survey together with factor SES was included so that the 
effect of time throughout the period 2000-2004 could be examined. Since S-Plus 
supports smoothing splines as a part of survival data model fitting, the spline term 
for variable Q was included. After the ML estimates of median over the period 
2000-2004 based on our model were computed, seasonal components derived from 
model coefficients were subtracted from the linear predictor prx dependent on a 
given quarter.

4. Results

First the AFT model for males and females together was fitted. All categorical 
factors except for CHLD and interaction AGE*HIST were clearly significant in the 
model. The presence of SEX*CHLD, MAR*CHLD, <2*SEX interactions was also 
checked but proved insignificant. Continuous covariate Q indexing the survey does 
not affect TBBE significantly but highly significant seasonal effects exist. It is 
apparent in Fig. 1. The median drops in every 2nd and 4th quarter. This behaviour 
coincides with a periodic character of the number of the unemployed who seek 
work for 0-3 months, no matter if they have found their job or not (Fig. 2, males 
and females together). The larger number of these short-term unemployed causes 
the decrease of the median. The increase of short-term unemployed entering the 
study is higher in the 1st and 3rd quarter, affecting results belonging to the follow­
ing quarters.

Further two separate models for males and females were considered to reveal 
some differences in the shape of time dependence between the two categories. 
Smooth curves in Fig. 1 result from fitting a smoothing spline for variable Q and 
removing seasonal components from predicted values. Dependence of median over 
time period 2000-2004 does not show any evident trend, yet there are slightly op­
posite trends for both sex categories at the end of 2004.
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F ig . 1. C h a n g e s  o f  m e d ia n  o f  T B B E  o v e r  th e  p e r io d  2 0 0 0 -2 0 0 4
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F ig . 2 . C h a n g e s  in  n u m b e r  o f  u n e m p lo y e d  b y  d u r a t io n  o f  s e e k in g  j o b

Though the curves in Fig. 1 belong to the unemployed with secondary educa­
tion with GCE, aged 30-34, the trend in median would be the same for other cate­
gories according to the model. For example, the median of unemployed with basic 
education is 2.4 (for males) or 1.6 (for females) times higher every quarter, the 
median of unemployed with university education is 1.4 (for males) or 1.6 (for fe­
males) times lower as follows from the estimated parameters. Similarly the differ­
ences between various age groups can be interpreted. Median is lowest for unem­
ployed aged 20-24, 1.01 and 1.7 times the median for 30-34, for males and females 
respectively. Table with parameter estimates is not shown for shortage of place.
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5. Discussion

The main drawback of the given solution is the lack of precision of the data en­
tering the model. Though the item in the LFSS questionnaire relating to the start of 
seeking a job assumes an answer in the form of the calendar date, only intervals in 
place of exact data are available in the LFSS database. Aside from less preciseness 
of model parameter estimates another problem arises, though the consequences 
may not be substantial when periods up to two years are considered. Namely, vari­
able AGE represents age at the time of the first interview, i.e. after different lengths 
of seeking period and not the age at the beginning of the follow-up period as it 
properly should do. The absence of exact data makes deriving of this age impossi­
ble. Further on, if the duration of seeking were accurate at least to a quarter of the 
year, other variable representing the beginning of a period of unemployment could 
be included in the model instead of variable Q and changes of median over years 
would be more easily interpretable.
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SZACOWANIE MEDIANY CZASU POZOSTAWANIA BEZ PRACY 
W REPUBLICE CZESKIEJ

Streszczenie

P a r a m e try c z n y  m o d e l A F T  (Accelerated Failure Time) j e s t  s to s o w a n y  w  c e lu  o d n ie s ie n ia  r ó ż ­
n y c h  d e m o g r a f ic z n y c h  i s o c jo e k o n o m ic z n y c h  c e c h  b e z ro b o tn y c h  w  R e p u b lic e  C z e s k ie j  d o  c z a s u  
m ię d z y  p o c z ą tk ie m  i k o ń c e m  o k re s u  p o z o s ta w a n ia  b e z  p ra c y . Z m ia n y  m e d ia n y  c z a s u  w  o k r e s ie  2 0 0 0 -  
- 2 0 0 4  s ą  s p r a w d z a n e  p r z e z  s k le ja n e  w y g ła d z a n ie  i p o d e jś c ie  r e g re s y jn e  d o  d e k o m p o z y c j i  s e z o n o w e j .  

B a d a n ie  j e s t  o p a r te  n a  d a n y c h  z  B a d a n ia  E k o n o m ic z n e j  A k ty w n o ś c i  L u d n o ś c i  o r g a n iz o w a n e g o  p rz e z  
C z e s k i  U rz ą d  S ta ty s ty c z n y .

S ło w a  k lu c z o w e :  d a n e  c e n z u r o w a n e ,  m o d e l p rz y ś p ie s z o n e g o  c z a s u  a w a r ii  A F T  (Accelerated Failure 
Time), s k le ja n e  w y g ła d z a n ie ,  p o d e jś c ie  r e g re s y jn e  d o  s e z o n o w o ś c i .
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