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ABSTRACT: The aim of this study has been to investigate the
process of re-employment of Finnish unemployed persons
using both search theoretical and microeconometric
approaches. For the econometric analysis a sample of 2077
unemployed workers was drawn from the register of the
Ministry of Labour. According to the results a higher re-
employment probability can be achieved by paying stingy
benefits during the spell of unemployment, but on the other
hand the loss in the welfare of the workers can be offset
by paying generous benefits to those finding jobs. The use
of a waiting period does not substantially increase the re-
employment probability. On the other hand, the incentive
towards re-employment can be effectively increased by
removing the protective rules of regional and occupational
mobility and reducing benefits after a permitted period of
higher benefits. The effects of an unemployed person’s
education on the duration of unemployment are not
straightforward. It was found that the level of education
is positively related to the re-employment probability for
relatively low levels of education, but in the higher
levels the relationship turns negative.
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TIIVISTELMA: Tassa tutkimuksessa tarkastellaan tyottdmien
tydllistymistd sekd etsintdteoreettista ettd ekonometristéd
analyysia kayttaden. Ekonometrista tutkimusta varten muodos-
tettiin tyoéministeridn tydnhakijarekisteristda 2077 tyodt-
toman otos. Tulosten mukaan tydllistymistd voidaan edistdé
maksamalla niukempia tyottémyyden aikaisia etuuksia, mutta
toisaalta tyottémén tulonmuodostusta ja tydllistymistd voi-
daan edistaa maksamalla korkeampia etuuksia tydllistyville
henkildille. Tydttémyyspadivarahojen omavastuuajalla on vain
hyvin pieni positiivinen vaikutus tyéllistymiseen, mutta
alueellista ja ammatillista liikkuvuutta koskevan suojan
poistaminen ja pdaivdrahojen alenemien kayttd edistavat te-
hokkaammin tyéllistymistd. Peruskoulutuksen vaikutus tydl-
listymiseen el ole suoraviivainen. Koulutustason noustessa
tydllistymisen todenndkdisyys nousee, mutta korkeimmin
koulutetuilla on tydllistymisongelmia.
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Chapter I

INTRODUCTION

This is a study of the re-employment of Finnish unemployed
workers based on search theoretical and microeconometric
foundations. The search approach of labour economics
provides a productive interaction between economic theory
and applied econometric work, because it explicitly
incorporates uncertainty about the economic environment.
Often economic theories and econometric work consider the
phenomenon of re-employment from two different points of
view, but in this case the economic theory and empirical
research blend quite smoothly.

Search theories are based on the assumption of
incomplete information, which spurs economic agents to
initiate a search. The first papers in the area of search
theory were the two seminal papers by Stigler (1961, 1962)
with applications to buyer’s optimal choice behaviour.
However, search theory was mostly developed in the job
search context, which is shown by the book of Phelps (1970)
and surveys of Rothschild (1973) and Lippman and McCall
(1976a,b) . A number of contributions on search theory can
be found, for instance, in Lippman and McCall (1979) and
the latest contributions in Mortensen (1986) and Kiefer and
Neumann (1989).

A considerable number of microeconometric studies

concerning re-employment have been done after the
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pioneering studies by Fowler (1968) and Kaitz (1970).
Perhaps the most notable of these studies are the ones by
Lancaster (1979) and Nickell (1979a,b), which are followed
by Kooreman and Ridder (1983), Narendranathan, Nickell and
Stern (1985), Ham and Rea (1987), Engstrdm and Léfgren
(1987) among others. Nowadays there is a wide range of
textbooks concerning this area, for example Gross and Clark
(1975), Kalbfleisch and Prentice (1980), Lee (1980),
Miller, Gong and Mufios (1981), Lawless (1982), Cox and
Oakes (1984) and Lancaster (1990).

In Finland there have been few studies based on
individual data using adequate microeconometric methods.
Saaski (1981) studied the duration of unemployment using
ordinary least squares. The method is imprecise in this
case, since the models can give negative fitted values for
the durations of unemployment. However, the results
indicate a positive relationship between the duration of
unemployment and tﬁe receipt of unemployment benefits using
dummy variables. Solttila (1983) studied factors affecting
unemployment using logit models. However, the data did not
include unemployment benefits. Eriksson (1985) studied
models of unemployment duration using complete spells of
unemployment using more than 500 individuals in the
district of Turku. Eriksson found a statistically
significant and positive relationship bgtween benefit
dummies and unemployment duration. The elasticities of
unemployment duration with respect to the receipt of the
earnings-related allowance were between 0.60 - 0.75 and
with respect to the basic unemployment allowance between

0.18 - 0.33 in the estimated models. The studies of
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Kettunen (1989, 1990a) are the first attempts in Finland to
analyze the effects of unemployment benefit on the
functioning of the labour market using the levels of
unemployment benefits. Recently Lilja (1992) has studied
the unemployment duration in Finland using semi-parametric
discrete-time hazards. She used data from the Labour Force
Surveys compiled by the Central Statistical Office combined
with the data from the tax register. However, the number of
observations is rather low bearing in mind the low
efficiency of the semi-parametric procedure and wide
intervals of the grouped data on unemployment durations.

The aim and outline of this study is as follows.
Chapter II gives a brief description of the Finnish
unemployment insurance (UI) system and microeconomic data
collected for the econometric analysis.! The Finnish
system is studied after the reform at the beginning of
1985, when the level of unemployment benefits increased and
the benefits became taxable. Unemployed persons can differ
greatly from each other with respect to the level of
unemployment benefits and durations of unemployment. The
interest of this study focuses on the effects of the UI
benefits on the re-employment and labour mobility. A
microeconomic data set was collected for the study. The
data of 2077 unemployed persons are fairly rich on
individual and labour market specific characteristics. The
sample has been taken from the persons becoming unemployed
in 1985. Every hundredth individual was picked from the
flow into unemployment. The individuals were then followed

until the end of 1986. For the initial view of the data,
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descriptive statistics and life table methods were used to
describe the process of becoming employed again.

Chapter III describes the search theoretical background
of the econometric work in the subsequent chapters.? A
search theoretical model allowing for regional and
occupational mobility of unemployed workers is presented
and its properties are analyzed. A well-known result of
search models is that the UI benefits have a disincentive
effect on leaving unemployment. However, it is pointed out
that giving conditional benefits to persons who become
employed increases the re-employment probability. From the
policy point of view it is partly a matter of whether the
government wants to subsidize unemployment or employment.
However, the issue 1s not so dichotomous, since a
government of a welfare society wants to secure the basic
income of its members. Three features of the UI system are
analyzed. It is shown that the waiting period of UI
benefits has only a slightly positive effect on the re-
employment probability. On the other hand, it is shown that
removing the protective rules regarding labour mobility and
reducing benefits of the unemployed persons with long
durations of unemployment substantially increase the re-
employment probability.

Chapter IV deals with the econometric models of
unemployment duration based on individual data.?®
Particular attention is given to the matter of unobserved
explanatory variables, since in econometric models all the
relevant variables may not be included or their importance
can not even be suspected. Neglected heterogeneity may bias

the parameter estimates. Therefore methods of correcting
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the models are studied and methods for examining and
testing the model specification are developed. A model of
unemployment duration with a discrete mixing distribution
is found to be well defined. The effects of explanatory
variables on the duration of unemployment are illustrated
using the estimated model. It is shown that the UI benefits
have a large negative effect on the duration of
unemployment.

A programme for estimating nonlinear maximum likelihood
models with an application to a Weibull model allowing for
gamma heterogeneity is reported. It is a modification of
the programme used by Chesher (1986) and rewritten by
Kettunen (1991d). It provides also a framework for
developing specification tests. The modifications of the
programme have been used for the maximum likelihood
estimations of this thesis.

Chapter V studies the time-dependent effects of
unemployment benefits.? The circumstances of unemployed
persons do not usually stay constant over the unemployment
spell. In the Finnish system persons who are eligible for
the benefits risk losing them after the first three months.
Another reason is that the earnings-related unemployment
allowances decrease 20 per cent after the first 100 days
unemployment . The data set includes the time series of the
UI benefits during the unemployment spells for the
unemployed persons. Therefore the interest is in testing
and estimating the time-dependent effects of time-dependent
benefits on the re-employment probability. It turns out
that the effect of UI benefits is not constant during the

unemployment spell. The replacement ratio has a negative
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effect on the re-employment probability during the first
three months. After that period the effect vanishes, since
the benefits decrease and eligibility rules become
stricter.

Chapter VI studies the effects of education on the
duration of unemployment® . The effects of education are
explained by a search theoretical model. In the model
education increases the arrival rate of job offers and
shifts the offer distribution so that the more educated
persons will get better offers. On the other hand,
education will increase costs of re-employment. The costs
of re-employment increase the reservation utility of the
persons implying that there are fewer acceptable offers
available. Hence the effect of education turns negative.
Using Finnish data on unemployment durations it is noticed
that an increasing level of education implies an increasing
re-employment probability. However, the relationship turns
negative on the highest levels of education. Unemployed
persons who have about 13 - 14 years of education have the
highest re-employment probability.

Chapter VII includes the inference based on the semi-
parametric models of unemployment duration.® Cox’s models
with duration and calendar-dependent covariates are
estimated. To model the macroeconomic seasonal effects the
duration of unemployment is replaced by calendar time.
Baseline hazard functions are used to illustrate the
effects of the UI system and the seasonal effects on the
hazard function. It is shown that the risk of losing

benefits after the first three months and the reductions of
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earnings-related unemployment benefits substantially
increase the re-employment probability.

Chapter VIII concludes the study.’”’ The results of the
search theoretical and econometric work with respect to the
outlines for the changes in the UI system are evaluated.
The incentive towards re-employment can be increased by
increasing the benefits of re-employment. The welfare of
all the unemployed persons can be increased by removing the
waiting period for benefits. On the other hand, removing
the protective rules regarding labour mobility and
returning to the old system, which included the reductions
of benefits, will increase the re-employment probability.
It can be concluded that the functioning of labour market
can be increased by subsidizing re-employment instead of
unemployment and by allowing higher benefit replacement
ratios for the persons with short durations of

unemployment .



Footnotes

1. This chapter is based on an article (Kettunen, 1991b).
The detailed description of the data can be found in
Kettunen (19911i).

2. An earlier version of this chapter has been published in
Kettunen (1991le) and an article based on this study is

published in Finnish Economic Papers (Kettunen, 1992a).

3. This chapter is partly based on a working paper
(Kettunen, 1991c) and an article (Kettunen, 1991h) and a
comment in Finnish Economic Papers (1993a).

4. This chapter is based on a working paper (Kettunen,
1991f) and an article (Kettunen, 1991qg).

5. This chapter is based on a working paper (Kettunen,
1991a) .

6. This chapter is based on a working paper (Kettunen,
1992b) and three articles (Kettunen, 1992c, 1993a,b). One
of them (1993b) has been published in Finnish Economic

Papers.

7. The results of this study have been discussed in two
articles (Kettunen, 1990b and 19924d).
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Abstract

This chapter gives a brief description of the Finnish
unemployment insurance system and microeconometric data
collected for the econometric analysis of this study. The
sample has been taken from the persons becoming unemployed
in 1985 after the reform of the system at the beginning
that year. The individuals were followed until the end of
their unemployment spells but at most until the end of
1986. The data are described using descriptive statistics

and life table methods.

1. Introduction

The purpose of this chapter is to describe the Finnish
unemployment insurance (UI) system.and data -used for the
econometric study of unemployment spells and the regional
and occupational mobility. The Finnish system is studied
after the reform at the beginning of 1985, when the level
of unemployment benefits increased and the benefits became
taxable. A detailed survey on the development of the
Finnish unemployment insurance system can be found in
Kettunen (1990).

Many studies of unemployment durations have been
performed during the 1970’s and 1980’s. The focus of these
studies has been the effects of explanatory variables on
the re-employment probability using parametric models and

maximum likelihood methods. The aim of this chapter is to
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follow up on these studies but to use nonparametric
methods. However, the interest is not only on the length of
unemployment spells but on the means of becoming employed,
i.e. regional and occupational mobility. The latter problem
has not before got any notable interest. Attention is also
paid to the persons who do not become employed.

The data set is collected from various registers and it
is more reliable than the data sets based on interviews. In
order to guarantee that the sample would be randomly
generated and seasonally representative, every hundredth
individual was sampled from the flow into unemployment
during the year 1985. The sample was taken from the
unemployment register of the Ministry of Labour. The
individuals were then followed until the end of their
unemployment periods, but at most until the end of 1986.
The income and wealth information was compiled from the tax
register into the data set. The information on unemployment
benefits was compiled from the registers of the bank
Postipankki and the Social Insurance Institution.

The remainder of this chapter is set out as follows. In
the next section the main features of the Finnish UI system
are discussed. Section 3 deals with the data, concepts of
duration models and presents the life table estimates.

Finally, section 4 concludes the study.
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2. The Finnish Unemployment Insurance System

This section discusses first the macroeconomic context. It
is worthwhile to take a look at the general state of the
Finnish economy before, during and after the survey in
order to put the overall picture of the Finnish labour
market in context. After that the main features of the
Finnish unemployment insurance system are discussed during
the yvears of the study 1985 - 1986.

For an overall picture of the Finnish labour market the
unemployment rate was decomposed into two parts. The level
of unemployment can be expressed as a product of the inflow
and duration in a stationary environment (see e.g. Leighton
and Mincer, 1982). However, it 1s well known that all the
assumptions of this identity are not completely satisfied
(see Eriksson, 1985). Figure 1 illustrates the unemployment
rate, weekly inflow and duration of unemployment. It can be
seen that the both the inflow rate and the duration of
unemployment vary with the unemployment rate. The variation
of the duration of unemployment is, however, larger than
the variation of the inflow. A simple variance
decomposition of the unemployment rate using the method by
Groshen (1991) confirms that the duration of unemployment
is a more important component, because it explains 43 per
cent of the variance of the unemployment rate. The inflow
to unemployment explains 29 per cent of the variance and
the interaction of these two variables explains 14 per
centc .,

The Finnish unemployment insurance system is a product

of increasing corporatism. The degree of unionization in
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Finland has risen rapidly as in the other Nordic countries,
too. The breakthrough of the unionization occurred from the
middle of the 1960’s to the end of 1970’s. During the
1980’s the rate of unionization in Finland was around 85
per cent. The wage settlements in Finland during the last
few decades have been most often one or two-year central
agreements. The central agreements have often included the
most notable improvements of the unemployment insurance.
The measures favourable to unemployed persons have
included, for example, the enlargement of the number of
recipients of benefits, increases in benefits and the
payment period.

There have been two notable reforms of the unemployment
insurance since the 1960’s. At the turn of the 1970’s the
number of recipients of the basic unemployment allowance
was extended. The reform affected mostly females and young
persons. The other reform took place in 1985 when the
levels of benefits were increased.

Figure 2 illustrates the replacement ratios of
unemployment benefits and the supply of and demand for
labour. Two time-series of replacement ratios have been
calculated. The first replacement ratio is calculated for
the recipients of benefits using the aggregate data by the
Ministry of Labour published in Finnish Labour Review. The
second replacement ratio is calculated for all the
unemployed persons including the non-recipients of
benefits. The latter time-series measures both the level
and coverage of unemployment benefits. An average wage 1s
used in calculating the replacement ratios. These

replacement ratios give, however, only a rough and
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presumably a biased estimate of the true figures. One
obvious bias is that the levels of the replacement ratios
are too low, because the unemployed persons have typically
wages that are lower than the average. The true time-series
of wage levels of the unemployed persons are not available.

The reforms at the turn of 1970’s did not increase the
unemployment rate at once. The main reason is that the
demand for labour was increasing during the years 1969 -
1974. A notable feature of the unemployment rate is that it
almost doubled starting in 1975. The demand for labour
decreased and the inflow to unemployment increased sharply.
The rise of the unemployment rate can be explained by the
increasing inflow. The unemployment rate remained high
despite the recovery beginning in 1979. The reason is that
the duration of unemployment spells stayed on a higher
level.

History repeated itself when the second extensive
reform of the UI system was carried out in the beginning of
1985. The level of the basic unemployment allowance was
increased slightly, but the earnings-related unemployment
allowance was increased substantially. The proportion of
workers covered by the UI system was increased. One of the
new features was that the benefits obtained from the UI
funds depended on the previous earnings starting in 1985
(see Vahatalo, 1988). The high demand for labour kept the
unemployment rate low, but in the late 1980’s the
decreasing demand for labour starting in late 1990
increased remarkably both the inflow and the duration of

unemployment .
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Figure 1. Unemployment rate, inflow and duration of
unemployment
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Figure 2. The replacement ratios of unemployment benefits
and the supply of and demand for labour
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The aim of the Finnish UI system i1s to achieve an
efficient search pattern by means of subsidizing job search
and by achieving efficient job acceptance by means of
withholding benefits from reluctant workers. Unemployed
persons aged 17 - 64 who register with the employment
office qualify for benefits. Unemployment benefits can be
paid normally after a 5-day waiting period. Persons who
enter the labour market for the first time qualify for the
basic unemployment allowance after a 6-week waiting period.
This restriction is not applied to those who have just
finished school or who have been self-employed. Workers who
quit are eligible for benefits after 6 weeks.

There are two systems and therefore two kinds of
unemployment benefits in use: the basic unemployment
allowance and the earnings-related unemployment allowance.
The basic unemployment allowance is financed wholly by the
state and paid by the Social Insurance Institution. It is
means tested. Persons who are in need of financial
assistance are eligible for the allowance. There 1is no
maximum unemployment period for the basic unemployment
allowance. In 1985 the basic unemployment allowance was FIM
70 per day for an unemployed person whose family income
during the spell of unemployment was at most FIM 3500 per
month. The figures are before tax. For a single person the
level was FIM 2340. If the family income was over FIM 3500,
but less than FIM 5410, an unemployed person who has
children was eligible for less than the maximum assistance.
The child increases were FIM 15, 22 and 28 for one, two and

three or more children, respectively. The dependence of the
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daily basic unemployment allowance on the monthly income
has been plotted in Figure 3.

The earnings-related unemployment allowance is paid by
75 unemployment insurance funds (in 1985), which are run by
labour unions. It is financed by the government (48 per
cent), employers (47 per cent) and employees (5 per cent).
Members of the labour unions are normally also members of
the unemployment insurance funds. The earnings-related
unemployment allowance is paid to the unemployed persons
who have been members of labour unions for at least 6
months and who have been working during that time. The
earnings-related unemployment allowance was FIM 70 (the
basic part of the allowance) plus 45 per cent of the
difference between previous daily salary and FIM 70 (the
earnings-related part of the allowance). If the monthly
salary were more than FIM 6300, the corresponding per cent
was 20 from the salary over FIM 6300. In Finland the
average salary was about FIM 6000 per month. The earnings-
related unemployment allowance, which 1s not means tested,
can be at most 90 per cent of the salary. The child
increases are as large as in the basic unemployment
allowance. After the first 100 days of unemployment the
allowance decreases 20 per cent, but it is in any case at
least as high as the level of the basic unemployment
allowance. After an unemployment period of 500 days the
earnings-related unemployment allowance decreases to the
basic unemployment allowance, which is means tested. The
dependence of the daily earnings-related unemployment
allowance on the monthly income has been plotted in Figure

4.
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If there are no suitable jobs in the unemployed
person’s area of residence after the first three months of
unemployment, the person must accept an offer outside his
area of residence. Otherwise he may not be eligible for the
benefits. This is the main principle in the Unemployment
Insurance Act, but there are some minor exceptions to this
basic rule. In practice, however, the unemployed persons do
not very often get offers outside their area of residence.

Unemployed persons do not have to accept a job offer
within the first three months of the unemployment period if
the job i1s not suitable to him with respect to his
education or previous work experience. This rule concerns
persons with professional or vocational education and at
least one year of job experience or alternatively persons
without any higher education and at least two years
experience in their job. A person who after being
unemployed for the first three months does not accept an
offer may lose his benefits. After the first three months
the unemployment office tries to mediate a job from the
previous occupation as far as this is possible.

Figure 5 illustrates the replacement ratios of the
different types of benefits according to the Finnish
Unemployment Insurance Act in 1985. The replacement ratios
have been calculated before tax and they do not include
child increases. For a typical monthly income of FIM 6000
the replacement ratios with the full child increase vary

between 0.35 - 0.69.
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Figure 3. The basic unemployment allowance for an unemployed
single person and for a family with two children
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Figure 4. The earnings related unemployment allowance for an
unemployed single person and for a family with two children
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Figure 5. Replacement ratios of unemployment benefits
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e Unemployment Spells in View of the Data

3.1. The Sources and Structure of the Data

The sample was taken from the unemployment register of the
Ministry of Labour. There are a number of ways in which
data regarding the duration of unemployment can arise. The
sampling can be made from the stock or from flows, which
lead to different kind of models as shown by Chesher and
Lancaster (1983). In this case the sampling has been made
from the flow into unemployment. In order to guarantee that
the sample would be randomly generated and seasonally
representative, every hundredth individual was picked from
the flow during 1985. The individuals were then followed
until the end of their unemployment spells but at most
until the end of 1986. So the longest lengths of
unemployment spells of the data are nearly two years. The
information of unemployed persons’ and their spouses’
annual income and asset figures was compiled from the tax
register for the data set.

The government is responsible for the basic
unemployment benefit system. The benefits paid under this
system are called the basic unemployment allowance
(sometimes called unemployment assistance). The Social
Insurance Institution takes care of the payment of the
basic unemployment allowance. The information on the basic
unemployment allowance during the unemployment period was
compiled from the unemployment allowance register of the

Social Insurance Institution.
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The earnings-related unemployment allowance (sometimes
called UI benefits) is paid by the unemployment insurance
funds. Members of the labour unions are normally also
members of the unemployment insurance funds. Although the
funds are formally associated with the labour unions, it is
the government that has determined the most important
regulations, including rules for benefit levels and
criteria for receiving benefits. Nearly all the
unemployment insurance funds pay the allowances through the
bank Postipankki, which gave the information for the
research on the earnings-related unemployment allowances
during the unemployment periods. The Central Statistical
Office of Finland helped with the collection of the data.

The individuals classified as unemployed have been
taken into the sample from the original data set. Therefore
individuals who are working part-time or receive an
unemployment pension have been rejected. The search
activity of laid-off persons is lower than others (see
Lippman and McCall, 1979). It may be optimal for laid-off
persons merely to wait for recalls. The unemployment
duration depends on the recalls, which are determined by
the demand for the firm’s products. Therefore laid-off
persons were rejected. About 34 per cent of the recipients
of the earnings-related unemployment allowance had to be
rejected, since some of the UI funds did not permit use of
their data in the research (see Kettunen, 1989). About 13
per cent of the recipients got their benefits through other
banks than Postipankki. These observations were lost. One
may ask whether the data are representative with respect to

all of the recipients. On the one hand, it can be argued
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that the data are representative in econometric models,
since the reasons why some of the observations were lost
are exogenous. There is no reason to assume that some of
the funds did not permit use of their data since they are
misusing the UI system. Of course, on the other hand, some
of the statistics, for instance means and variances of the
replacement ratios of the whole sample, represent only the
sample in use. In that case it is more appropriate to look
at the means and variances of the replacement ratios of the
recipients of the different benefits. In calculating the
replacement ratio about one per cent of the observations
had to be rejected because of missing income figures. Also
some observations were rejected because of missing dates,
incorrect social security codes or other invalid data. The
final sample size is 2077 observations.

Persons can leave the ranks of the unemployed in
different ways. Figure 6 illustrates some of the typical
cases. The duration is calculated as a difference between
the date of entry into unemployment and the date of exit
into employment. These kinds of observations are complete
spells of unemployment. Persons are no longer unemployed
when they get an acceptable offer and start working.
Unfortunately, a portion of the individuals was lost in the
follow-up, because the individuals either can not be found
or it can not be determined that they have found
employment. An unemployed person can also be withdrawn from
study, because the follow-up time ended. When some
individuals may not be observed for the full time, it is
said that the observations are right-censored. The censored

observations include also transitions into the non-
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participation. The censoring has to be taken into account

in econometric work keeping these observations in the data.

Figure 6. Unemployed persons entering and leaving the

study

Calendar time during the follow up:
1 2 3 45 6 7 8 9101112 1 2 3 4 5 6 7 8 9101112
1985 1986

The length of unemployment (months) :
1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24

The data are cross-sectional and fairly rich on
individual characteristics and labour market specific
variables. Also, the data includes longitudinal (duration
dependent) information on the actual benefit receipts
during the job search period. So the data set 1is a
combination of cross-sectional and time series data. The
reference for details regarding the data should be made to

Kettunen (1989, 1990 and 1991).
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Usually in the studies of unemployment duration the
replacement ratio of unemployment benefits is obtained as a
ratio of after-tax benefits or unemployment income and the
after-tax income while the individual is working. Clearly
this ratio is important when studying the incentives of
becoming employed. However, there are many ways of
calculating this ratio. In a British study by Lancaster
(1979) the numerator was obtained from the answer to the
question of how much they had coming in from all sources,
for instance, unemployment benefits, supplementary benefits
and family income supplements during the main period of
their unemployment. The deﬁominator was the answer to the
question of how much did they earn after deductions in
their last job. No persons without any income were
interviewed.

In the British study by Nickell (1979a) the
unemployment benefits were imputed using the rules current
at the appropriate date. The benefits included unemployment
benefits, supplementary benefits, rate rebates, family
allowances, free school meals and family income
supplements. This unearned income was added to the spouse’s
income. It may, however, be difficult to interpret the
results of the estimations, since the numerator of the
replacement ratio includes other income than unemployment
benefits (see Atkinson, 1980). Furthermore, the General
Household Survey used by Nickell contains relatively little
information on the actual unemployment benefits received,
and the calculations by Nickell are based on the assumption
that all the unemployed persons received full benefits.

Clearly, this is a dubious assumption. A sizeable fraction
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of those entitled to the benefits do not claim their
entitlement. Supplementary Benefit Commission (1978)
estimated that in 1979 the estimated take-up rate for the
supplementary benefit was 78 per cent. In 1987 the take-up
rate was 81 per cent (Atkinson and Micklewright, 1988). The
income was estimated using the occupation specific earnings
functions. An argument against the use of earnings
functions is that the models usually explain only a low
portion of the wage differentials. Another argument is that
the unemployed individuals have in general lower potential
earnings than those working. In a later study Nickell
(1979b) calculated the replacement ratio by using actual
current benefits and actual past earnings. The disadvantage
of the data is that the observations with short durations
had to be omitted due to missing data and the full pattern
of benefits over the spell of unemployment is not observed.

In the Dutch study by Gorter et al. (1991) the
unemployment benefits were determined by taking together
the revenues directly related to the state of unemployment.
Other sources of income such as labour market income of the
partner, rent, interest, income from activities in the
‘black market’, etc. were added up in the variable
additional income. The unemployed persons were asked their
expected income. The persons were asked to compare
themselves with other colleagues or friends with a similar
education. For unemployed people who did not answer this
question they used the result of a regression of the
expected wage level. The wage level was estimated using
personal characteristics, e.g. age, education and gender.

The calculation of the replacement ratio may introduce a
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selection bias in the way that the unemployed persons are
too optimistic with respect to their value on the labour
market. Secondly, there may be a selection bias if the
group who answered the question about the expected income
is different from the group who did not. Thirdly the
benefits plus other income during the spell of unemployment
do not represent the UI system well.

Access to administrative data recording the sequence of
actual benefit payments throughout a spell of unemployment
1s a substantial advantage. However, there may be also
difficulties. Moffitt (1985) points out that the
disadvantage of the U.S. administrative data is that only
the persons who have begun receiving UI benefits were
available. The same problem appears in the U.S. studies by
Solon (1985), Meyer (1990) and Katz and Meyer (1990) and a
Canadian study by Ham and Rea (1987). The truncation of the
data implies that the distribution of unemployment spells
beyond the truncation cannot be analyzed. Also Atkinson and
Micklewright (1991) point out that the absence from such
data of those unemployed who are not claiming benefits must
be balanced against this.

The unobserved wage offers are relevant considering the
incentives for re-employment. However, in practice it is
necessary to replace the offers with their expected value,
which in this study is calculated for each individual using
the actual pre- and post-unemployment income from the tax
register during 1985. Clearly most income is pre-
unemployment income. The weekly income was obtained by
dividing the yearly income by the weeks during which the

persons were working.
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One might argue that there is potential endogeneity
bias from using the actual level of income. As
Narendranathan et al. (1985) point out the persons who are
most likely to be selective about accepting jobs may well
have had higher-than-average earnings in their previous
job. However, with our data set there is no reason for that
concern, because the actual earnings used do not have a
statistically significant effect on the probability of
becoming employed (see Chapter IV). Furthermore it can be
argued that it is not only the income which is relevant in
accepting an job offer but also the other characteristics
of a job. That is a reason why the search model should be
written in terms of utilities. In practice jobs include
many characteristics.

The data provides plenty of wvariation in the
replacement ratio to get accurate estimates of the impact
of the level of UI benefits. When administrative data is
used such things like the take-up rate, means testing,
wailting period and risk of losing benefits and the other
rules of the eligibility of benefits affect on whether
benefits are actually paid to the unemployed workers. The
reductions of benefits after a fixed number of unemployment
days, non-linearities in the benefit schedules and reduced
benefits due to the other income during the spell of
unemployment are sources of the variation in benefit
levels. In addition during the sample period there was a 7
per cent increase 1n the basic unemployment allowance (lst
July, 1986). Many of these sources of variation can not be
observed if benefits are imputed using the rules of the UI

systems. For example, in Canada the wvariation in the
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replacement ratio is small, since the benefits are a
constant fraction of insurable earnings equalling the
previous weekly wage up to a maximum (Ham and Rea, 1987).
In the U.S. there is also variation between the states.

The descriptive statistics of the data are in Tables
1 - 3. Means and variances of the variables used in the
study have been calculated separately for all duration
lengths and durations longer than three and twelve months.
An initial look at the data shows that some individual
characteristics and labour market variables may be
connected with longer durations of unemployment. Persons
with long unemployment periods are more often men, are
married and have children. They are older, have a low level
of education and live in an area where the demand for
labour is low. School graduates seem to have usually short
spells of unemployment. On the other hand, the persons who
have come from housework (usually housewives) seem to have
longer spells of unemployment. The descriptive statistics
of full samples and complete durations seem to be
relatively close each other. The variables used in the

study are described in Appendix 1.



35

Table 1. Descriptive statistics of the whole data

Full sample Carplete spells
N=2077 N=1250
Mean Std.dev. Mean Std.dev.

Unerployment spell in weeks 15.06 18.05 10.64 12.10
Number of children 0.23 0.62 0.25 0.66
Married (l=yes) 0.37 0.48 0.38 0.49
Sex (l=male) 0.53 0.50 0.54 0.50
Age (years) 31.14 11.94 29.63 10.23
Level of education 0.45 0.50 0.51 0.50
Training for erployment (l=yes) 0.15 0.36 0.17 0.37
Menber of UI fund (l=yes) 0.42 0.49 0.46 0.50
Came fram schooling (l=yes) 0.14 0.34 Dl 0.37
Came fram housework (l=yes) 0.07 0.26 0.05 0.21
Regional demand B pdal 0.13 0.10 0.12
Occupational demand 0.12 0.05 0.12 0.05
Taxable assets (mill.FIM) 0.011 0.03 0.010 0.03
Replacement ratio 0.16 0.21 0.16 0.21
Replacement ratio, 0 < t £ 3 months® 0.14 0.19 0.14 0.19

! The average figures for the first three months

Table 2. Descriptive statistics of the data for durations

longer than three months

Full sample Camplete spells
N=701 N=335
Mean Std.dev. Mean Std.dev.

Unemployment spell in weeks 34.40 19.43 26.73 12.59
Nurber of children 0.36 0.77 0.43 0.84
Married (l=yes) 0.44 0.49 0.45 0.50
Sex (l=male) 0.57 0.49 0.59 0.49
Age (years) 36.59 13.24 33.50 10.76
Level of education 0.38 0.49 0.46 0.50
Training for employment (l=yes) 0.14 0.35 0.18 0.38
Meber of UL fund (l=yes) 0.50 0.50 0.53 0.50
Came fram schooling (l=yes) 0.08 0.26 0.09 0.29
Came fram housework (l=yes) 0.10 0.30 0.06 0.23
Regional demand 0.09 0.10 0.07 0.08
Occupational demand 0.12 115 0.12 0.05
Taxable assets (mill.FIM) 0.016 0.03 0.013 0.03
Replacement ratio 0.26 0.23 0.27 0.22
Replacement ratio, 0 < t £ 3 months! 0.20 0.20 0.20 0.20
Replacement ratio, 3 < t £ 12 months! 0.33 0.32 0.37 0.34

! The average figures for these intervals
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Table 3. Desgcriptive gtatistics of the data for durations

longer than twelve months

Full sample Carplete spells
N=129 N=23
Mean Std.dev. Mean Std.dev.

Unenployment spell in weeks 66.60 14.04 60.48 7:.23
Number of children 0.33 0.72 0.35 0.83
Married (l=yes) 0.48 0.50 0.57 0.51
Sex (l=male) 0.57 0.50 0.48 0.51
Age (years) 42.28 13.07 36.22 8.60
Level of education 0.20 0.40 0.26 0.45
Training for employment (l=yes) 0.15 0.36 0.35 0.49
Meamber of UL fund (l=yes) 0.53 0.50 0.70 0.47
Came fram schooling (l=yes) 0.03 0.17 0.04 0.21
Came fram housework (l=yes) 0.19 0.39 0.04 0.21
Regional demand 0.08 0.09 0.08 0.11
Occupational demand 0.12 0.05 0.12 0.06
Taxable assets (mill.FIM) 0.014 0.03 0.006 0.03
Replacement ratio 0.23 0.21 0.20 0.16
Replacement ratio, 0 < t £ 3 months' 0.15 0.17 0.13 0.13
Replacement ratio, 3 < t £ 12 months! 0.25 0.22 0.22 0.18
Replacement ratio, 12 < t £ 24 months! 0.21 0.47 0.27 0.25

! The average figures for these intervals

3.2. Functions Describing Unemployment Duration

Many of the theoretical concepts of the econometric models
of unemployment duration are borrowed from the
biostatistical literature. Survivor and hazard functions
are the.most obvious examples. The density, survivor and
hazard functions define uniquely any specific duration
distribution. However, each of them provides the researcher
with a different view of the data. The density function is
f(t). The probability that an individual leaves
unemployment during the time interval t < T < t+dt is

f(t)dt. It is also called the unconditional failure rate.
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For the density function f£(t) =2 0 the integral from zero to
infinity 1is one.

The survivor function S(t) is the probability that an
individual is unemployed at least until a fixed duration t.
If T is a random variable that represents the duration, the
survivor function can be defined using the cumulative
distribution function of unemployment length F(t) as

follows

(1) S{k] = 1 = Flt) = f F{T)idT = Prit = T),
£

The conditional instantaneous probability of leaving a
state is expressed using the hazard function h(t). The
probability that an unemployed person becomes employed in
the time interval t < T < t+dt is h(t)dt, given he is still
unemployed at time t. The hazard function is often termed
the failure rate or the conditional instantaneous
probability of leaving a state. The value of the hazard
function is zero or positive for all t. By the definition

of conditional probability the hazard function can be

written
(2) hi{t}] = £(E)/8(k),
where the density function can be written f(t) = -9dS(t)/dt.

Then the hazard function can be written as follows
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Hence the well-known connecting relationship among the

survivor and hazard functions can be written

(4) S(t) = expl- h(t)drt].

O Y— T

The density, survivor and hazard functions are the main
statistical concepts in the econometric study of
unemployment spells. In the next section they are applied

in describing the data using the life table method.

3.3. Life Table Analysis of Unemployment Duration

A nonparametric actuarial method applied to the durations‘
is often a convenient way to get a touch on the data.
According to Gross and Clark (1975) there are three types
of life tables in common use - the population life table,
the cohort life table and the clinical life table. There
are also other non-parametric methods. One of them is the
kernel-based method proposed, for instance, by Liu and van
Ryzin (1985). Population and cohort life tables describe
the actual survival experience of a population or cohort of
individuals who were born at about the same time. A form of

the clinical life table is applied here. The actuarial life
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table analysis is based on the method by Cutler and Ederer

(1958) . Definitions and the notation are as follows:

1. Lengths of unemployment spells and times of loss or
withdrawal are distributed into half-open time intervals
[t £3), 1 =1,2,...,s+1l. The last interval is infinite
in length. The length of unemployment is measured in

weeks as a difference between the date of becoming
unemployed and the date of becoming employed or the date of
censoring. If both the date of entry into unemployment and
the date of exit into employment are observed the

observation is called a complete spell.

2. The midpoint of the ith interval is t,;, 1 = 1,2,...,s.

The midpoints are used to plot the hazard and density

functions.
3. "The 'width of the ith interval is h;’ = t; - t,_,
i=1,2,...,8. The widths are required to calculate the

hazard and death density functions.

4. The total number of individuals who are lost to

follow-up during the ith interval is 1;.

5. The total number of individuals who are withdrawn from
the study unemployed during the ith interval is w;.
Individuals who are lost to follow-up or withdrawn become

censored observations.
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6. The number of individuals who leave unemployment in

the ith interval is d;.

7. The total number of individuals who enter the ith

interval is n;’, 1 = 1,2,...,s+1l. Thus the total sample
size for the study is n,;’. Clearly n;’ = n;,' - 1, - wW;,
- di-l s

8. The number of individuals who are searching for a job
during the ith interval is n; = n;’ - (1, + w;’)/2. It is
also called the risk set. It is assumed that times to loss

or withdrawal are uniformly distributed.

9. The conditional proportion of becoming employed in
the ith interval is q; = d;/n;, 1 =1,2,...,s. Clearly

~

dss; = 1 1f there are no censored observations.

10. The conditional proportion of surviving the ith

interval 18 py = (L - ol s 1 = 125 oxvsBe

~ ~

11. The cumulative proportion of surviving is S; = D;15;.;.
i=1,2,...8. It is often referred to as the cumulative

survival rate. Clearly S, = 1.

The probability of becoming employed in the ith interval
per unit width is a natural estimate for the density

function
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The estimate of the survivor function, i.e. the probability

of being still unemployed at t,;, is written

(6) S(ty) = (S; + Spi)/2 = S;(1 + p;) /2.

The estimate of the hazard rate is obtained as £(t,;)/S(t,;)
= 2q;/h;" (1 + p;). To get a more convenient form for the
estimate of the hazard rate, the estimates of p; and g; are

substituted into the estimate of the hazard function, which

gives

It can be seen that the estimate of the hazard function
depends on the number of persons searching for a job and
becoming employed, and it also depends on the width of the
interval. It_should be pointed out that the estimates and
the clarity of the life tables depends on how the intervals
are distributed over the unemployment period.

The estimates of the functions describing duration are
used in life tables, which are used here to describe the
duration of unemployment and the regional and occupational
mobility. In the life table of regional mobility the
interest 1s on the duration from the date of entry into
unenmployment until the date of exit to employment by
moving. Becoming employed by moving implies a completed
spell. Otherwise the observation 1is censored. Similarly in

the life table of occupational mobility the completed spell
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is an observation where the individual leaves unemployment
by changing occupation.

Approximate variances for the functions describing
survival are calculated. Instead of obtaining variances of
the functions directly, a Taylor series expansion is made
of the function and then the variance of the linear terms
is found. The properties of variances of linear functions
are well-known; thus by approximating an arbitrary function
by a linear one, its variance can be approximated. The
approximations are discussed in Bennett and Franklin (1954)
and Kendall and Stuart (1963) even though the variances of
the life table functions have already presented by
Greenwood (1926). It should be pointed out that for small
samples the approximated variances are not good
approximations of the true variance. Kuzma (1967) found
that the variance formula of Greenwood considerably
underestimated the variance when the withdrawal rate was
high. If there are only a few observations in the later
intervals of a life table, the computation of variances 1is
not necessarily worthwhile for these later stages.

The life table of unemployment spells is reported in
Table 4. Nearly 40 per cent of the unemployed persons left
unemployment during the ten first weeks. The density and
hazard functions are decreasing except they are increasing
slightly at about one year’s unemployment and the hazard
function is increasing slightly after the first three
months of unemployment. However, the standard errors of the
functions are too high to draw strong conclusions. More
active and less selective persons leave the cohort sooner

than others. This explains the basic decreasing nature of



43
the density and hazard functions. The survivor function is
decreasing by definition. If there were no UI system the
functions would probably be different. One hypothetical
reason for the shape of the hazard function is that the
earnings-related unemployment allowance decreases after the
first 100 days of unemployment by 20 per cent. This remains
to be shown. These allowances are paid until the 500th day.
After that the basic unemployment allowance is paid.

About 40 per cent of the observations are censored,
1.e. re-employment was not observed. The number of those
who were lost track of in the follow-up increases after one
vear of unemployment. Employment offices have regulations
that they have to offer any job to an unemployed person who
have been unemployed at least one year. The aim 1s to stem
long-term unemployment. It may be that some individuals do
not accept the offer and stop searching. Another regulation
which could affect the hazard function is that one year of
unemployment is needed to get an unemployment pension.

The life table of regional mobility is reported in
Table 5. More than 2 per cent of the unemployed persons
became employed by moving to another region during the ten
first weeks. The region is defined by the UI Act as an area
of residence and other regions, where the persons normally
go to work. Becoming employed by moving is a rather rare
phenomenon in the labour market. About 98 per cent of the
observations were censored, 1.e. moving was not observed.
The density and hazard functions are decreasing except that
they increase strongly after the first three months.
According to the Finnish Unemployment Insurance Act

unemployed persons do not have to search outside their area
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of residence within the first three months of unemployment.
After that they may lose their benefits if they do not
accept an offer outside their area of residence. It seems
that the Unemployment Insurance Act has a positive effect
on the probability of becoming employed by moving after the
first three months. However, one can not draw strong
conclusions about these estimates, because there is a
limited number of complete spells available in the data.
Therefore the standard errors of the estimates are rather
high for the long durations.

The life table of occupational mobility is reported in
Table 6. About 6 per cent of the unemployed persons left
unemployment by changing occupations during the ten first
weeks. About 90 per cent of the observations were censored,
i.e. changing occupation was not observed. The occupation
is calculated on a 5-digit level of the Nordic Occupational
Classification. There are 1320 occupations on the most
accurate 5-digit lével. It is an empirical question on
which level the occupational mobility is examined. The
density and hazard functions are decreasing in the life
tables except that they are increasing after the 30-weeks
unemployment period. The three-month rule of labour
mobility is applied to the choice of occupation. During the
first months the unemployed persons do not have to accept
an offer made by the employment office if they are not
qualified by schooling or experience for the job. In
practice the employment offices use rather narrow
classifications of the occupations. Therefore the 5-digit

level is the most appropriate.
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An initial question is whether the UI system has a
positive effect on the probability of changing occupations
after the first three months of unemployment. Because the
intervals of unemployment spells may not be the most
appropriate and when the standard errors of the estimates
of the hazard function are high we can not draw any strong
conclusions based on these preliminary simple estimates.

Figure 7 illustrates the hazard functions of
unemployment durations for the non-members and members of
labour unions and labour mobility for the whole sample
using slightly different intervals of the unemployment
periods. It can be seen that these simple nonparametric
hazard functions can be used to detect the effects of the
UI system. The effects of the risk of losing benefits can
be seen as an increasing hazard after the first three
months of unemployment (about 13 weeks). The effect of
reductions of the earnings-related unemployment allowances
can be seen as a positive effect on the hazard function of
the members of labour unions just after the first insured
100 days of unemployment (20 weeks). According to the rules
of the system one week includes five insured days.
Therefore 100 days of unemployment is 20 weeks. On the
contrary no effect is found for the non-members who do not

have the reductions.
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The life table of unemployment spells

Interval Exiting Conditional Cen- Risk Density Cum. Hazard
in proportion sored set survival
weeks exiting
Std.errors in parentheses
0 548 0.278 208 1973. 0.056 1.000 0.065
(0.002) (0.000) (0.003)
5 275 0.224 181 1230. 0.032 0.722 0.050
(0.002) (0.010) (0.003)
10 122 0.149 88 821. 0.017 0.561 0.032
(0.001) (0.012) (0.003)
15 94 0.151 65 622. 0.014 0.478 0.033
(0.001) (0.012) (0.003)
20 67 0.140 37 477. 0.011 0.405 0.030
(0.001) (0.012) (0.004)
25 52 0.138 30 377, 0.010 0.349 0.030
(0.001) (0.012) (0.004)
30 31 0.103 20 300. 0.006 0.300 0.022
(0.001) (0.012) (0.004)
35 16 0.064 16 251. 0.003 0.269 0.013
(0.001) (0.012) (0.003)
40 11 0.050 15 219, 0.003 0.252 0.010
(0.001) (0.012) (0.003)
45 9 0.047 21 190. 0.002 0.240 0.010
(0.001) (0.012) (0.003)
50 8 0.057 61 140. 0.003 0.228 0.012
(0.001) (0.012) (0.004)
B5. ¢ 7 0.076 20 92. 0.003 0.215 0.016
(0.001) (0.012) (0.006)
60 5 0.075 17 66. 0.003 0.199 0.016
(0.001) (0.013) (0.007)
65 2 0.043 13 46. 0.002 0.184 0.009
(0.001) (0.014) (0.006)
70 3 0.133 31 22, 0.001 0.176 0.005
(0.000) (0.014) (0.003)
100 0 0.000 4 2. . 0.153 :
0

.018)
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Interval Exiting Conditional Cen- Risk Density  Cum. Hazard
in proportion sored set survival
weeks exiting
Std.errors in parentheses
0 - 23 0.013 733 1710.5 0.0027 1.0000 0.0027
(0.0006) (0.0000) (0.0006)
5 - 14 0.013 442  1100.0 0.0025 0.9866 0.0026
(0.0007) (0.0028) (0.0007)
10 - 6 0.008 204 763.0 0.0015 0.9740 0.0016
(0.0006) (0.0043) (0.0006)
Ay = 2 0.003 150 576.5 0.0007 0.9663 0.0007
(0.0005) (0.0053) (0.0005)
20 - 3 0.007 101 445.5 0.0013 0.9630 0.0014
(0.0007) (0.0058) (0.0008)
25 - 1 0.003 81 351.5 0.0005 0.9565 0.0006
(0.0005) (0.0069) (0.0006)
30 - 2 0.013 304 158.0  0.0002 0.9538 0.0002
(0.0001) (0.0074) (0.0001)
100 - 0 0.000 4 2.0 g 0.9417 :
(0.0112)
Table 6. The life table of occupaticnal mobility
Interval Exiting Conditional Cen-  Risk Density  Cum. Hazard

in proportion sored set survival
weeks exiting
Std.errors in parentheses
0 - 95 0.054 661 1746.5 0.0109 1.0000 0.0112
(0.0011) (0.0000) (0.0011)
5 - 39 0.035 417 1112.5 0.0066 0.9456 0.0071
(0.0010) (0.0054) (0.0011)
10 - 20 0.026 190 770.0  0.0047 0.9125 0.0053
(0.0011) (0.0074) (0.0012)
15 - 15 0.026 144 583.0 0.0046 0.8888 0.0052
(0.0012) (0.0089) (0.0013)
20 - 10 0.022 94 449.0 0.0039 0.8659 0.0045
(0.0012) (0.0104) (0.0014)
25 - 6 0.017 76 354.0 0.0029 0.8466 0.0034
(0.0012) (0.0119) (0.0014)
30 - 6 0.021 45 287.5 0.0035 0.8323 0.0042
(0.0014) (0.0130) (0.0017)
35 - 5 0.020 27 245.5 0.0033 0.8149 0.0041
(0.0015) (0.0146) (0.0018)
40 - 6 0.051 217 118.5 0.0007 0.7983 0.0009
(0.0003) (0.0160) (0.0004)
100 - 0 0.000 4 2.0 : 0.7579 :
0

.0221)
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Figure 7. Nonparametric hazard functions
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4. Conclusions

At the beginning of the year 1985 there was a notable
reform in the Finnish unemployment insurance system. The
main features of the reform are that the level of
unemployment benefits was increased and the benefits became
taxable. In this study the new UI system was examined, the
collection of the data set for the econometric study was
reported and a preliminary description of the data was
made.

The descriptive statistics of the data show that the
unemployment seems to be more often a problem of men.
Moreover, the persons with long unemployment spells are
often o0ld and they live in an area where the demand for
labour is low. The level of education seems to be an
important factor helping people to get a job. School
graduates seem to have usually short spells of
unemployment, but those who have come from housework seem
to have long spells of unemployment.

The life table analysis was applied to the duration of
unemployment spells and the regional and occupational
mobility. The probability of becoming employed, i.e. the
hazard function, is decreasing, except after the first
three months of unemployment it is slightly increasing and
after one year of unemployment it is rather strongly
increasing. Without the UI system the hazard function could
be decreasing all the time. However, this can not be
demonstrated using these simple nonparametric methods. One
reason for the form of the hazard function may be that the

reductions of the earnings-related unemployment allowances
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after the 100th day of unemployment seem to increase the
re-employment probability. Another reason which may affect
the re-employment probability is the rule regarding labour
mobility stipulated in the Unemployment Insurance Act. The
hazard function is increasing around the unemployment of a
yvear. One reason 1s that unemployment offices have to offer
jobs to the persons who have been unemployed at least one
yvear. Another reason is that one year’s unemployment is
required in order to be eligible for an unemployment
pension. However, the main interest of-this study is not in
these matters.

The hazard function of regional mobility is decreasing
except that it is increasirig strongly after 20 weeks of
unemployment. After the first three months of unemployment
the persons may lose their benefits if they do not accept
an offer outside their area of residence. It seems that the
three-month rule of labour mobility may have a positive
effect on the probability of becoming employed by moving
after the first months.

The hazard function of occupational mobility is
decreasing, except that it is increasing after the 30-week
(7 months) unemployment period. The three-month rule of
labour mobility is also applied to the choice of
occupation. During the first few months unemployed persons
do not have to accept an other occupation but after that
period they may lose their benefits if they refuse to
accept an offer. Using a slightly different partition of
the duration it can be found that the hazard function is

slightly increasing at the first three months of
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unemployment . One could also claim that the inference is
quite sensitive to the partitions chosen.

Looking at the levels of the hazard functions it seems
that the most acceptable alternative is to find a job in
their area of residence and in their occupation. If such
vacancies are not available, they try to change occupations
and stay 1in their area of residence. Persons can also leave
unemployment by taking a training course for further
employment, which usually takes some months. Finally, the
least acceptable alternative i1s to move to a new location.

As a final conclusion some precautionary words
concerning the discussion and interpretations have to be
presented. The results of this chapter have been presented
in order to get a touch on the data. There is no control
for characteristics of individuals in this chapter.
Therefore the preliminary non-parametric results of this
chapter serve as a'basis for the more sophisticated
analysis. In addition, at this point it can be argued that
the heterogeneity of the individuals is partly the reason
for decreasing hazards, because the persons with the
highest probabilities of becoming employed leave the cohort
first. So far the interpretations and arguments serve as
hypotheses, which remain to be tested in the search

theoretical and econometric studies of the next chapters.
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Appendix 1. Variables of the Data

Duration of unemployment is calculated in weeks and it 1is
the difference between the date of entry into unemployment
and the date of becoming employed.

Number of children is the number of an unemployed person’s

children who are younger than 18 years.
Married is a dummy variable, 1 = vyes.
Sex 1s a dummy variable, 1 = male.

Age 1s measured 1n years.

Level of education is a dummy variable, 1 = at least 12
yvears of education. The level of education is based on the
education code of the Central Statistical Office of

Finland.

Training for employment is a dummy variable, 1 = The person
has received training for further employment. The training
courses have been organized by the government. Training for
employment 1s course participation, that has occurred
before the unemployment, but not necessarily immediately

before it.
Member of UI fund is a dummy variable, 1 = ves.

Came from schooling is a dummy variable, 1 = The person has

come from schooling or from the military service.

Came from housework is a dummy variable, 1 = The person has
come from housework or elsewhere outside the labour force

(hospitals, prison, etc.).

Regional demand describes the regional rate of jobs
available. It is the number of vacancies divided by the

number of job seekers in the area.
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Occupational demand describes the occupational rate of jobs
available in the whole country. It is the number of
vacancies divided by the number of job seekers in the

occupation groups 0-9.

Taxable assets has been compiled from the tax register and

it 1s measured 1in millions of Finnmark.

Replacement ratio is the unemployed persons’ average
replacement ratio for unemployment benefits during the
unemployment period after tax. Weekly unemployment benefits
after tax have been divided by the weekly income after tax.
In the sample taken from the flow into unemployment 29 per
cent of the individuals received the basic unemployment
allowance, 29 per cent received the earnings-related
unemployment allowance and 42 per cent did not receive any
form of benefits. The means of the replacement ratios of
the intervals (0, 3], (3, 12] and (12, 24] months are 0.29,
0.55 and 0.39 for the persons receiving earnings-related
unemployment allowance and 0.26, 0.41 and 0.39,
respectively, for the persons receiving the basic
unemployment allowance. The average replacement ratios are
lower during the first three months, since no benefits are
paid during the qualifying waiting period of benefits. Also
reductions and disqualifications of benefits decrease the
average replacement ratios. Some persons do no even apply
for the benefits. The average replacement ratios of
benefits are higher when the data has been sampled from the
stock of unemployed persons (length biased sampling). The
flow sample includes more short durations with no benefits.
Therefore the average replacement ratios of the
unemployment spells calculated over all the individuals are

rather low.
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Absgtract

This chapter studies the effects of the Finnish
unemployment insurance on the re-employment probability of
unemployed workers using a search theoretical framework. It
1s well known that the unemployment benefits have a
negative effect on the re-employment. In this chapter it 1is
shown that the re-employment probability can be increased
by lowering the costs of re-employment. Furthermore, it 1s
shown that the qualifying waliting period has only a
slightly positive effect on the hazard function, but
removal of the mobility rules and reduction of benefits
after a fixed period of unemployment substantially increase

the re-employment probability.

1. Introduction

In the search theoretical literature [e.g. Lippman and
McCall (1976a,b, 1979), Mortensen (1986) and Kiefer and
Neumann (1989)] it has been generally considered that
unemployment insurance (UI) has a disincentive effect on
employment. Mortensen (1977) pointed out that the search
behaviour of new entrants who are not currently eligible
for UI benefits but who will be eligible after being
employed is different. An increase in UI benefits or
extension of the maximum benefit period will increase their
re-employment probability, since unemployed workers must

have been employed before they qualify for UI benefits.
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This feature of the UI system has been well referenced and
studied [e.g. Topel and Welch (1980) and Usategui (1988)].
However, there are many other features of the UI systems,
which need more attention. This chapter analyses three
features of the Finnish UI system using search models.
Applications concerning the effects of the waiting period,
mobility rules and reductions of benefits are presented.
Their effects on the reservation utility, search intensity
and re-employment probability are studied. The
nonstationary features of search models in the context of
housing demand have been studied by Loikkanen (1982).
Van den Berg (1990) studied the effects of decreasing
exogenous variables in search models with an empirical
application to a structural model of unemployment duration.

Unemployed persons are not eligible for UI benefits at
the beginning of their unemployment period. The insurance
aspects of the waiting period have been earlier interpreted
by Stafford (1977) using the economics of risk and
insurance. In this chapter it is shown using a search model
that during the qualifying waiting period the reservation
utility is increasing and the search intensity is
decreasing. Hence the re-employment probability is
decreasing due to a fact that the unemployed persons are
not yet eligible for benefits. However the effect is rather
small.

Reluctant movers may lose their UI benefits after the
first three months of unemployment. It is shown that the
threat of removal of benefits decreases the reservation
utility and increases the search intensity and re-

employment probability. Furthermore, it 1is shown that the
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reservation utility is slightly decreasing and the search
intensity and re-employment probability are slightly
increasing during the first three months.

Unemployed workers who are eligible for earnings-
related unemployment allowances face a reduction of their
benefits after the 100th day of unemployment. It is shown
that the reductions decrease the reservation utility and
increase the search intensity and re-employment
probability. Hence the reservation utility is decreasing
and the search intensity and re-employment probability are
increasing before the reductions.

The remainder of this chapter is set out as follows. In
section 2 the basic search theoretical model is presented
and its properties are analyzed. In section 3 the main
features of the UI system are analyzed: the qualifying
waiting period, the threat of removing benefits from
reluctant movers and the reduction of benefits. Their
nonstationary effects on the reservation utility, search
intensity and hazard function are analyzed. Section 4

concludes the chapter.
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2. The Basic Model

In this section the basic search model of unemployment is
presented and its comparative static properties are
analyzed. Assume that an unemployed person gets utility
from consumption C and leisure L and that there is no
saving. The utility function is assumed to be a time
separable function of these arguments. The utility of an
unemployed person is uy,(C, L), where C consists of UI
benefits b minus the costs of search. Leisure is the time
not spent in job search during the spell of unemployment,
so that L = 1 - s(t), where s(t) is the search intensity,
i.e. a fraction of time spent on search at time t. It 1is

assumed that

(1) We > 0, v 2 0, Uee 8 0, Uy & 0 and Uy = YWe > 0,

where the subscripts denote derivatives.

If an individual is unable to find a job within the
local labour market area, a suitable job may be found
elsewhere, or if he is unable to find a job within his
occupation, he may change his occupation. The arrival rate
of job offers from area 1 and occupation j is assumed to
follow a Poisson process with intensity a;;(s(t)), which 1s
a function of time spent on search. It is assumed that
a;;(0) = 0, daj;/ds > 0 and d*a;;/dsds < 0. The arrival rate
of all the job offers XXa;; = X;Z;a;;(s(t)) 1is convex as a
sum of convex functions.

Moving from an area of declining industries and high

unemployment to a region with growing employment or
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changing occupations will also involve costs. These costs
are measured in utility terms. It is assumed that in the
model there are the searching costs ¢, the visiting costs
c;, the permanent cost of becoming employed c; and moving
costs ", The cost ¢ is deterministic whereas ¢;, ¢; and ¢
are probabilistic. The costs are of the flow type apart
from c;", which is of the lump-sum type. The effects of c¢;"
have been studied, for instance, by Hey and McKenna (1979),
Loikkanen (1982) and Burgess (1988), but the definition of

c; 1s new. It 1s a permanent loss in utility of a person

]
who changes his occupation. For example, white collar
workers may feel that they lose something if they accept
any other occupation even at the same wage rate.
Alternatively c; could be assumed to depend on the area or
both the occupation and area. For example, daily commuting
costs between home and work are permanent costs of becoming
employed.

Workers maximize the expected present value of the
utility. During a short interval dt active search is

undertaken and the unemployed person’s utility evaluated at

t+dt 1is

+ {1 - ZXa;de[1 - F(u(t))]1rv(t)D(de) + o(dt).

ij
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The first term of the value function V(t+dt) on its right-
hand side describes the discounted instantaneous utility
during the search period dt. The second term is the
expected discounted utility related to an acceptable offer.
The third term is the expected discounted utility related
to an unsuccessful search and o(dt) is a remainder term.
The expectation is taken with respect to the distribution
function of utility F(u). The maximum attainable utility 1is
denoted by 4@ and uj;(t) is the reservation utility of an
occupation j in an area 1 at time t. The offers that are at
least u;;(t) are acceptable. The person may search for a
job in one or more occupations in one or more areas. Also,
it may not be optimal to search at all. This feature of
search models has been studied by Loikkanen (1982).

B(dt), B(t) and D(dt) are discount factors for
dt, t > 0. It is assumed that B(dt) = fjt e Tlat =
[1 ~ exp(-rdt)]/r, where r is the subjective rate of time
preference. By expansion it can be written as B(dt) = dt +
o(dt). The instantaneous utility of being unemployed is
proportional to the length of the interval dt. In an
infinite horizon case B(t) = 1/r, which discounts the
utility of an acceptable offer. The simple infinite horizon
case implies that the job separation rate is zero. The
discount factor D(dt) = exp(-rdt) discounts the expected
value of a search apart from the instantaneous utility from
t to t+dt. By expansion D(dt) = 1 - rdt + o(dt).

Substituting the discount factors, rearranging terms,
forming the difference quotient [V(t+dt) - V(t)]/dt and

taking the limits as dt approaches zero gives the
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differential equation of expected utility stream with

respect to time

It is assumed that the remainder term o(dt) approaches zero
with dt. It can be seen that V(t) 1s constant over time,
i.e. V(t) = 0 1n a model with an infinite horizon. The

value function can now be written as

(4) VIiE) = {uib -~ ¢ ~ ZXae;,, 1 - s(t))
u

+ Zzalj f [(u - CJ)/r = Cim = V(t)]dF(U)}/ro
(t)

i3
The necessary condition for the optimal u;;(t) can then be
solved by setting dV/du;; = 0, which gives

(5) u;;(t) = ¢ + ric™ + V(E)].

i3
The value function can be written V(t) = [uj;(E) - 5] /x

- ¢;". This means that the expected value of continuing the
search, the value function, is equal to the utility of an
acceptable offer minus the permanent cost discounted over
the search horizon net of the moving cost. The reservation
utility is chosen to equate the value of the worst

acceptable offer with the expected value of unemployment.
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Next the comparative static properties of the model are
studied, i.e. the effects of exogenous variables on the
optimal reservation utility relative to a given optimal
search intensity. These effects are solved by
differentiation in Appendix 1.

Summarizing the comparative static properties of the
reservation utility the following results are obvious. The
reservation utility is

a) a decreasing function of the searching cost c¢ and
visiting cost cy,

b) an increasing function of the UI benefits b,
arrival rate of job offers a;;, permanent cost of re-
employment c; and moving cost c;", improvement of offer
distribution and uncertainty of job offers. The effect of
the subjective rate of time preference r is generally
ambiguous, but the reservation utility 1is nearly always a
decreasing function of r.

Another decision variable of the model is the search
intensity. An unemployed person’s objective is to maximize
the expected discounted utility by choosing search
intensity relative to the acceptance rule of job offers.
The necessary condition for the optimal search intensity is
obtained by differentiating V(t) with respect to the search

intensity s
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It can be seen that the marginal utility of leisure and
visiting costs 1s equated to the expected marginal utility
gain from the search.

The derivation of the comparative static results is
complicated by the fact that the necessary conditions
involve not only endogenous and exogenous variables but
also the value function. The endogenous variables are
affected by exogenous variables directly and indirectly via
the change in the value function. The results are solved by
implicit differentiation in Appendix 1. The following
results are obvious. The search intensity 1is

a) a decreasing function of the UI benefits Db,
permanent cost of re-employment c;, moving cost c;" and the
subjective rate of time preference r,

b) an increasing function of searching cost c¢, arrival
rate of job offers a;;, improvement of offer distribution
and uncertainty of job offers. The effect of the visiting
cost c¢; 1s generally ambiguous.

The hazard function is a product of the arrival rate

and probability that an offer is acceptable

(7) h(t) = XXa;;(s(t))[1 - F(uy(t))].

The hazard of moving is obtained by assuming that the
moving cost c¢;" is positive. Correspondingly if the cost of
changing occupations c; is positive, h(t) defines the
hazard of changing occupations. The connection between
search models and econometric models of unemployment
duration is obtained by the well-known density function of

duration models



and the connection with the expected value of an

unemployment spell can be written as

h(t)dt)dt.

©
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The hazard function is affected by two endogenous
variables; the reservation utility and search intensity.
Both of them have to be taken into account when examining
the effects of exogenous variables on the hazard function.
The UI benefits b and costs c; and c;" increase the
reservation utility and decrease the search intensity.
Hence their effect on the hazard function is negative. The
searching costs c decrease the reservation utility and
increase the search intensity. Hence their effect on the
hazard function is positive. The effect of the arrival rate
of job offers on the hazard function has an ambiguous sign,
since the direct effect 1is positive, but the indirect
effect via the reservation utility is negative. The
improvement of the offer distribution increases the
reservation utility but by an amount which is less than the
increase in the mean. In addition the offer distribution
increases the search intensity. Therefore the effect is
positive. The improvement of the uncertainty of job offers
increases the reservation utility and search intensity.

Hence the effect on the hazard is ambiguous. The effect of
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the subjective rate of time preference on the hazard
function is ambiguous, since it decreases the reservation
utility and search intensity.

Summarizing the effects of exogenous variables on the
hazard function, the following results are obvious. The
hazard function is

a) a decreasing function of the UI benefits b,
permanent cost of re-employment c¢; and moving cost c;",

b) an increasing function of the searching cost ¢ and
improvement of job offers. The effects of the arrival rate

of job offers a visiting cost c¢;, subjective rate of time

iy R
preference r and uncertainty of job offers on the hazard
function are generally ambiguous.

The rest of this section is devoted to a finite horizon
case. In that case the discounting factor of the expected
income is B(t) = [1 - exp(-rt)]/r. Figure 1 illustrates the
effects of exogenous variables on the nonstationary paths
of the reservation utility, search intensity and hazard
function using numerical examples. The limited search
horizon is the only cause of nonstationarity in these
examples. The search horizon is assumed to be 40 years.
Hence t measures the remaining time in the labour force.
For simplicity it is assumed that the offers are uniformly
distributed between 5000 and 15000 units of utility in a

1)

month.' The value of time spent on search is assumed to be

2, where 0 = 10000 is a scaling factor

specified as ds(t)
and s is the search intensity. The arrival rate of job
offers is specified as XXa;;(s) = 0.15s. The remaining

parameter values used in the numerical example are as

follows: b = 5000, ¥ = 0.15/12; ¢; = 1000, ¢; = 2000 and

J
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c;" = 20000.2

It can be seen that the reservation utility is at first
decreasing due to the limited search horizon, but during
the last years it 1s increasing because of the lump sum
type of moving cost. The search intensity is monotonously
decreasing and during the last years it 1s not optimal to
search at all. Finally it can be seen that the hazard
function can be increasing or decreasing depending on the
parameter values of the model. For the econometric
specification‘of the hazard function it can be concluded
that there i1s no monotonic form of the shape of the hazard

function given by the search theory if a limited search

horizon 1s assumed.
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Figure 1. The effects of exogenous variables on the reservation
utility, search intensity and hazard function

Ul benefits
sz — 2000
C = 5000
15000F -~ 8000

0.4},
02f

0.10f
0.08}

0.06 F
0.04|

0.02f

Visiting cost

20000
15000f

U
-+ 1000
-+ 5000

10000
5000F

0.8r

0.65_
0.4
02

0

0.10[
0.08}
0.06}

0.04}
0.02}

4
4
ﬂ
L

%

20

Years

10

0

The arrival rate of job offers

= 0.05
--0.15
== 0.30
_______________ ~ ]
—-‘\ \1-
Vi
\i]
\
\l:‘
!:
)]
o \
..... e 1]
1
i]
_____ -
——————————— \i,.
\y
B 1 N
40 30 20 10 0

Permanent cost

50U
-- 2000




71

Figure 1. continued
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3 . The Effects of the UI System

3.1. The Waiting Period

According to the Finnish Unemployment Insurance Act
benefits can be paid after a qualifying waiting period. It
is normally one week or alternatively six weeks if the
person has just entered the labour force or if he has quit
his previous job. However, the waiting period of six weeks
is not applied to a worker who has just finished school or
who has been self-employed. In this section it is shown
that the waiting period has a rather small effect on the
re-employment probability and during the waiting period the
hazard function is decreasing due to a fact that benefits
are not yet paid.

The time concept in the applications to the UI system
is such that at thé outset of an unemployment period t > 0
and at the end of the waiting period t = 0. During the
waiting period the instantaneous utility is
Up(bD(t) - ¢ - XXajscy, 1 - s™(t)), where D(t) = exp(-rt) and
the asterisk is used refer to the functions affected by the
feature of the UI system that is considered. If the person
has not left unemployment, his instantaneous utility will
be us(b - ¢ - XX¥a;;c;, 1 - s(t)) after the waiting period
once he has got his benefits.

The value of the search evaluated at t+dt can be

written as
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(10) Vi(t+dt) = ug(bD(t) - ¢ - ZXagc;, 1 - s™(t))B(dt)

u

+ XF¥a,dt f [(u - ¢;)/r - ¢™ - V'(t)]dF (u)D(dt)

U5 (t)

*

+ V (£)D(dt) + o(dt).

It is obvious that lim_ .V (t) = V(t; b=0) and
lim., V' (t) = V(t), i.e. V'(t) < 0, since D(t) = exp(-rt).
If £t £ 0 then V' (t) = V(t). The reservation utility does

not have a stationary solution during the waiting period,
since the value function depends on how long the worker has
been unemployed.

Solving the optimal reservation utility during the
waiting period gives u;; (t) = ¢y + rlc™ + V' (t)]. It is
obvious that during the waiting period uu*(t) < uy(t),

s (t) > s(t) and h'(t) > h(t). Clearly du; (t)/dt < 0,

ds (t)/dt > 0 and Jdh'(t)/dt > 0 during the waiting period,
i.e. when the eligibility for UI benefits comes closer the
reservation utility is increasing, and the search intensity
and hazard function are decreasing.

A series of numerical examples are presented in this
and the following sections to illustrate the nonstationary
functions. It is assumed that the UI benefits b = 5000 if
t £ 0 and b = 0 during the waiting period. Furthermore, it
is assumed that the offers are uniformly distributed
between 5000 and 15000 units of utility in a month. This
distribution is used, for instance, by Loikkanen and

Pursiheimo (1979) and van den Berg (1987). Monthly figures

are chosen since this i1s the common convention in Finland.
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The value of time spent on searching i1is assumed to be

2, where 8 = 10000 is a scaling factor

specified as 0s(t)
and s is the search intensity. The arrival rate of job
offers is specified as XXa;;(s) = 0.15s. The remaining
parameter values used in the numerical example are as
follows: ¥ = 0.15/12, ¢ = 4000, ©; = 1000, oy = 2000 and

J
c;" = 20000.

The effects of the qualifying waiting period have been
illustrated in Figure 2. It can be seen that the changes of
the reservation utility, search intensity and hazard
function are small during the waiting period even though
the subjective rate of time preference is rather high, and
during the last week the functions are near the constant
values. If r were lower, the changes in the functions would
be smaller. The result is that the effects of the waiting
period are very low. This finding leads to a conclusion
that one way of improving the welfare of an unemployed

person is to remove the waiting period, since it does not

have much effect on the re-employment probability.
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Figure 2. The effects of the waiting period
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3.2. The Rule of Labour Mobility

The main rule in the Finnish Unemployment Insurance Act
concerning labour mobility is that an unemployed person
does not have to move outside his working area or change
his occupation within the unemployment of the first three
months. After that period he may no longer be eligible for
UI benefits if he does not accept an offer obtained from
the employment office. In this section it is shown that the
threat of removal of benefits from a reluctant mover leads
to a lower reservation utility and higher search intensity
and hazard function. Furthermore, it is shown that the
reservation utility is slightly decreasing, and the search
intensity and hazard function are slightly increasing
during the unemployment of the first three months. This
approach is based on the argument by van den Berg (1990).
He suggests for future research a model where, instead of
perfect foresight with respect to the benefits, the
individuals are aware of some additional elements of
uncertainty and derive their optimal strategies given some
probabilities that such changes occur.

The value of searching for a job can be written as

(11) Vi(t+dt) = up([l - XXa;;F(u;;’ (t,))D(t)]b

- € - ZXauc;, 1 - s7(E})B{dt)

u

+ XXa;;dt f [(u - ¢;)/r - ¢, - V' (t)]dF (u)D(dt)
)

*

Uy (t

*

+ V (£)D(dt) + o(dt),
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where t, £ 0. The risk of losing UI benefits decreases the
value of searching for a job. With a probability
X¥a;F (uj;7 (ty) ) an unemployed person gets an offer, which is
less than the reservation utility and loses his benefits.
If an offer is accepted during the first three months, the
person does not face such a risk. If he is unemployed and
searching for a job, the associated instantaneous utility
may change starting at t = 0. It is obvious that V'(t) > 0
before the risk period and lim., .V (t) = V(t), since D(t) =
exp(-rt). If the threat of removal of benefits is
postponed, the threat of losing benefits matters less. If

2Y¥a;; = 0 or the offers are at least u;; (t), then V' (t) =

ij
V(t) and the rule of labour mobility has no effects.

The optimal reservation utility during the first three

months is u;;7(t) = ¢y + rc™ + V1 (t)]. It is obvious that

* *

5 (£) < ug(t), s™(t) > s(t) and h'(t) > h(t). The risk of

u
losing benefits after the first three months decreases the
reservation utility and increases the search intensity and
hazard function. Clearly du; (t)/dt > 0, 9ds’(t)/dt < 0 and
oh™(t)/dt < 0 during the first months, i.e. the path of the
reservation utility is decreasing, and the paths of the
search intensity and hazard function are increasing.
Furthermore, it can be shown that the effects of UI
benefits are decreasing over the spell of unemployment. The
decreasing effect of UI benefits has been studied by
Usategui (1988) in the case of a benefit period of finite
duration.

The effects of the rules of labour mobility have been

illustrated in Figure 3. The reservation utility is
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decreasing, and the search intensity and hazard function
are increasing during the first three months, and after the
unemployment of three months the functions are constant. If
there were no risk of losing benefits, the reservation
utility would be higher and the search intensity and hazard
function would be lower, which have been denoted by the
straight horizontal lines. Compared to the waiting period
it can be concluded that the rule of labour mobility has
substantially larger effects. The effect of the risk of
losing benefits has in these examples about four times as
large an effect as the waiting period at six weeks until
the eligibility of benefits. With a shorter waiting time

the difference is even larger.
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Figure 3. The effects of mobility rules
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3.3. Reduction of UI Benefits

In this section a case where an unemployed person faces a
relative reduction of UI benefits is considered. The
earnings-related unemployment allowances decreased by 20
per cent after 100 days of unemployment in 1985 - 1987. It
is shown that the path of the reservation utility is
decreasing, and the paths of the search intensity and
hazard function are increasing before the reduction. If the
person faces a k-100 per cent reduction in his benefits,
the instantaneous utility is uo((1-kD(t))b - ¢ - XXac;,

1 - s"(t)) at the beginning of the search. If the person
has not left unemployment, his instantaneous utility is
lower u,((l-k)b - ¢ - XXa;;c;, 1 - s'(t)) once the reduction
of benefits has happened.

The value function can be written as

(Li2) V' (t+dt) = up((1-kD(t))b-c-2Xa;;c;, 1-s’(t))B(dt)

u

+ XXa;;dt J'[(u - g;)/r - ¢ - V' (t)]1dF{u)D{dt)
“(t)

+ V' (t)D(dt) + o(dt).

The reductions decrease the expected value of utility. It
is obvious that lim. .V (t) = V(t), which is the value
function with no reduction of UI benefits. If the reduction
of benefits is postponed far into the future, the reduction
does not matter. Clearly the value function is decreasing,

i.e. V'(t) > 0.
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The optimality condition for the reservation utility

during the waiting period is found to be uy (t) = c;

j +t

ric™ + V“(t)j. It is obvious that u;;(t) > uy (t),

s(t) < s"(t) and h(t) < h'(t). Clearly du;;" (t)/dt > 0,
ds"(t)/dt < 0 and dh'(t)/dt < 0 before the reduction of
benefits, i.e. as the cutoff date for the reduction comes
closer the reservation utility decreases and the search
intensity and hazard function increase.

The effects of the reduction of benefits have been
illustrated in Figure 4. In the numerical example it has
been assumed that the UI benefits have been reduced from
5000 to 1000 units of utility. The reservation utility is
decreasing before the reduction, and the search intensity
and hazard function are increasing. After the reduction the
functions are constant. If there were no reductions, the
reservation utility would be higher, and the search
intensity and hazard function would be lower. These
stationary functions have been described by the constant
horizontal lines. It can be concluded that the reduction of

benefits provides a substantial incentive to leave

unemployment .



Figure 4. The effects of reductions of UI benefits
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4. Conclusions

According to the comparative static results the UI benefits
have a negative effect on the re-employment probability.
This is a well-known result, but from the economic policy
point of view it is interesting to know that the costs of
re-employment have negative effects on the re-employment
probability. Hence the conditional benefits can be used in
order to reduce the re-employment costs and increase the
probability of becoming employed. These findings support
the "stick" and "carrot" approach of economic policy that
the benefits paid during the unemployment should be stingy,
but the benefits related to becoming employed can be
generous.

Using search models it was shown that the hazard
function is decreasing during the qualifying waiting period
due to a fact that the benefits are not yet paid.
Concerning the waiting period of UI benefits it can be
concluded that it has only a slight effect on the re-
employment probability. The improvement of the welfare of
an unemployed person by removing the waiting period has a
rather small negative effect on the re-employment
probability.

Reluctant movers may lose their benefits if they do not
accept an offer from other working areas or occupations
after the first three months of unemployment. During the
first three months of unemployment the hazard function is
increasing for a person who gets benefits. The threat of
removing benefits may substantially increase the re-

employment probability i1f there are non-acceptable offers.
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Persons who get earnings-related unemployment
allowances face reductions of their benefits. The hazard
function is increasing before the reduction. It was shown
that the awareness of the reduction effectively increases

the re-employment probability.
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Footnotes

1. If the effects are uniformly distributed between u and u,

the expected utility of an acceptable offer can be written

in a closed form

where u;; is the reservation utility.

2. The search intensity can be written as
s(t) = (0.5a/0) {[E(u)B(t)/0.5

- [ = Pl

ij

)) (c;B(t) + ¢ + V) ]D(dt)dt/B(dt) - c;},

which i1s in a closed form. Thus the numerical examples can

be presented easily without numerical integration.
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Appendix 1. Comparative Static Results

Reservation utility

The fundamental equation for the reservation utility is

solved from (4) by inserting V = (uj; - c)/r - c;", which
gives
(13) uij = U.o(b - g - Zzaucl, 1 - S(t)) G Cj + rCim
u
+ Zzalj f (U. = ulj)dF(U.)/r,

where the comparative static results can be solved:

ou,; du,
(14) e B )
dob oC
ou, du,
(15) =
dc ac
u
N . auu auO f
(16) = o e e i, o (u - u)dF(u)/r > 0
aaij aC U‘ij
ou; du,
(17) == = == Fge < {
dc; oC
ou,;
(18) - = 1 = 0
dc;y
(19) O 0
—_—
de" g
u
ou; f
(20) - = Clm - Zzau (U. - ulj)dF(U)/rz
or U,
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The subjective rate of time preference r increases the
reservation utility via the lump-sum type of moving cost,
but on the other hand it decreases it via the expected
utility. The total effect is usually negative. However, for
example in an infinite horizon case the effect is negative
only during the last few weeks. In the standard search
model r has a negative effect on uy;, since c;" does not
exist.

To solve the effects of the offer distribution a
translation of F to the right i1s made so that F(u) =
G(u + W), for all u and L > 0. This method was used by
Mortensen (1986). The translation is said to first order
stochastically dominate F(u). Substituting the following

useful transformation

u Wi
(21) f (u - uy)dF(u) = Eg(u) - uy + JJF(u)du
Ui 0
and F(u) = G(u + 1) for (13) and noting that E;(u) = B +
E; (u) gives
U ;
(22) Uj; = ﬁo +- By + LC" + ZZaU[u+EPUJ)—uﬁ+g;(u—u)du]/r,

where the effect of offer distribution on the reservation

utility is solved as

ou;;

(23) -
op

= h/(r + h) > 0 and < 1.

Next the effects of uncertainty of job offers are
considered. Rothschild and Stiglitz (1970) have introduced
the uncertainty to economics under the name ’‘mean
preserving spread’. The distribution H is a mean preserving
spread of F given that they have the same mean if and only
if

u u
(24) gJ H(u)du 2 gJF(u)du, for all u, > 0.



Substituting (21) and F(u) = H(u, o) for (13) gives

uJ
; + re™ + EZaU[EF(u)—uH+g;(u, o)dul/x,

where ¢ i1s the parameter of relative dispersion. The effect
of uncertainty on the reservation utility is then

Jdu,

i Uiy
(26) — = X¥a;; [ H,du/(r + h) > 0.
00 0

Search intensity

The technique of solving the effects on the search
intensity 1is presented, for instance, by Albrecht, Holmlund
and Lang (1986). By the implicit function rule of
differentiation the effect of the UI benefits is solved
from (6)

ds oV,  dV,

(27) — e e —

db db ds

where dV./ds < 0 by the second order condition of the
optimal search intensity. Therefore it is necessary to
consider the sign of 0V./db, which is easily shown to be
negative. The needed derivatives are

oV, d*u, Oday; d%u,
(28) —" = (= Z¥ —c; - )/r < 0
db dCdC ds dLdC
(29) v, oV, 0
dc db g
oV, d’u, Odayy duy0a; 0%y,
(30) S =~ = E _— Cla.lJ = + Z a” /r
oc; dCoC ds 0Cos 0LAC
oV, da;
(31) e — ZZ — [1 - F(uij)]/rz < 0

dc; ds



91

Vv, da;;
(32) — = -3 —7 [1 - Flu;)]l/r < 0
do® 0s
u
oV, da;; f
(33) — = = EE — (u - ¢y)dF(u)/r* - V,/r < 0.
or ds u;

j

The sign of 0dV./dc; can not generally be determined, since
the utility function is not known. In the numerical example

the sign is clearly negative. Substituting the

transformation (21) and F(u) = G(u + W) for (6) and noting
that E;(u) = L + Eg(u) gives
(34) Y (- T3 du, daj; ou, da;; : .
= - — T 8 = T =% = + u = Llg
; 3C ds oL as T )

u]
+ ng(u - W)dul/r}/r.

Differentiation gives

oV, da;
(35) - = ZZ_ [1 = F(U.U . u)]/rz > 0.
ou ds
Substituting (21) and F(u) = H(u, o) for (6) gives
36} o (- 33 du, dai; ou, 0a;; B i)
= . —_— - — + D — - 5
) oc 9s = oL ds i His

U ]
+ gdH(u, o)du]/r}/r.
Differentiation gives

(37) AR aaijH( ) /T2 > 0
— = — s, 0)/r? > 0.
3G o0s Y
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Absgstract

This chapter is concerned with the specification of
parametric duration models and the effects of omitted
explanatory variables, which may bias parameter estimates.
Weibull models with gamma and mass polnt hetefogeneity are
estimated using Finnish unemployment duration data.
Graphical examination of residuals derived for the
heterogeneity models and numerical tests show that the
discrete mass point mixing distribution 1s better than the
continuous gamma distribution to rectify the model
misspecification. Furthermore, a programme for estimating
duration models by the maximum likelihood method 1s

presented.

1. Introduction

In this chapter reduced form models of unemployment
duration are estimated. The structural job search models
act as a guide for the estimation. The main results of the
search models are that the unemployment benefits decrease
the probability of becoming employed, but on the other hand
the members of UI funds have more elements of incentives
for becoming employed. For example, in the line with the
well known results by Mortensen (1977) it can be argued
that the members of the UI funds have higher incentives for
re-employment than the non-members, because the search

behaviour of the persons who will be eligible for the
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earnings-related part of benefits in the future after being
employed at least 6 months is affected by the UI scheme.
The earnings-related unemployment allowance make
intermittent employment more attractive than it would
otherwise be, because the value of re-employment is higher
for the members [see also Hamermesh (1979) and Burdett
(1979)1].

In addition, the functional form of the distribution of
unemployment duration has to be flexible, since the rules
of the UI system do not stay constant during the long
spells of unemployment. In order to take the imperfect
nature of econometric models into account two methods for
incorporating unobserved individual heterogeneity into
Weibull duration models of unemployment spells are
considered using Finnish unemployment data. It is well
known that omitted variables cause bias to parameter
estimates if duration models are not controlled for omitted
variables [see Lancaster (1979), Nickell (1979a,b)
Lancaster and Nickell (1980)]. Especially the shape of the
hazard function of finding a job during a spell of
unemployment is considered in this study. A Weibull model
applied to the data produces a decreasing hazard function,
but controlling for heterogeneity implies an increasing
hazard function, which is in concordance with the standard
search theory [see Kiefer and Neumann (1989)]. Hence the
correction for heterogeneity and model specification tests
are particularly important.

The improvement of model specification, when
introducing heterogeneity, is shown using a graphical

procedure based on examination of residuals derived for the
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heterogeneity models. The discrete mass point mixing
distribution is shown to provide a better pattern of
heterogeneity than the continuous gamma heterogeneity.

The chapter is organized as follows. A Weibull model of
unemployment duration is estimated in section 2 with the
allowance for gamma heterogeneity and a discrete mass point
heterogeneity. Section 3 deals with the model
specification. The residuals of the estimated models are
derived, and a graphical examination based on the residuals
is presented. Furthermore, numerical tests are presented.
The information matrix test is used to confirm the
conclusions from the graphs, which may be subject to
incorrect interpretations. Section 5 concludes the study.
The programme for estimating nonlinear maximum likelihood
models with an application to duration models of

unemployment is described and presented in Appendix 1.
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2. The Duration of Unemployment Allowing for Unobserved

Heterogeneity

2.1. The Specification of Unemployment Benefits

In this section the specification of unemployment benefits
is studied using a Weibull model of unemployment duration.
Let us consider independent pairs of independent random
variables T and Z, where T is the duration variable of
primary interest and Z is a censoring variable. ! A
duration or a censoring time is observed, t = min(T, Z),
with the indicator for complete spells c¢c. If T < Z, then
c¢ = 1 and otherwise ¢ = 0.

Econometric models of duration are specified in terms
of the hazard function h(t), which is the conditional
probability that an unemployed person leaves unemployment
at time t given that he still is unemployed. The
probability of being still unemployed until the duration t
is given by the survivor function. The survivor function
for T is equal to one minus the distribution function of

the duration variable and it can be written

where I(t) is the integrated hazard
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Using the rule of conditional probabilities, the
unconditional probability, i.e. density function, that an
individual becomes employed at time t is a product of the

hazard and survivor functions

for t 2 0. The likelihood contribution of an individual can

be written in view of the above definitions as

which 1is equal to f(t) 1if ¢ = 1 and S(t) if ¢ = 0. The
distribution of unemployment spells needs to be
parametrized, and maximizing the likelihood function { over
the unknown parameters ¢ may be accomplished by maximizing
a concave functional L(¢) = X log (¢).

The Weibull model is a versatile family of duration
distributions in view of its interpretation and its
flexibility for empirical fit, and it has been widely used
in applications of duration models to unemployment spells.

The hazard function can be written as

(5) hit) = at® 1eXP

where x is a vector of explanatory variables for an
individual, P is a vector of structural parameters and o is
the shape parameter. If o > 1, the hazard function is

increasing in duration and it is said that there is
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positive duration dependence. If a = 1, the hazard function
is constant and the distribution of unemployment spells is
exponential. If o < 1, the hazard function is decreasing in
time and it is said that there is negative duration
dependence. The explaﬁatory variables are introduced into
the model in a log-linear form. An advantage of this form
is that it renders positive estimates. The integrated
hazard is written as I(t) = IJ h(t)dt + C. The constant C
is chosen such that I(0) = 0. Then the integrated hazard

can simply be written as

Consequently, the survivor, density and hazard functions of

the Weibull distribution can be written as

aexB
(7) S(t) = e

o xP
(8) F(t) = qr® LB - t7e

(9) hit) = at® 1eXP,

To estimate the unknown parameters, the hazard function (9)
and the integrated hazard (6) are substituted into the
likelihood contribution (4).

The first econometric attempt using parametric models
is to study the specification of the replacement ratio of

UI benefits. Table 1 includes the results concerning the
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effects of unemployment benefits, monthly earnings and
replacement ratios. The models include twelve other
explanatory variables, but to save space their parameter
estimates have been left out from the table. In the models
(A), (B) and (C) continuous explanatory variables are used.
The benefits and replacement ratio decrease the probability
of becoming employed, but the effect of monthly earnings is
statistically insignificant. The model (C) with the
replacement ratio is superior, because it leads to the

highest value of the log likelihood function.

Table 1. The effects of benefits, earnings and compensation

ratios on the probability of becoming employed

(A) (B) (C)
Standard errors in
parentheses
Benefits -0.395
(0.050)
Earnings -0.019
(0.012)
Replacement ratio -1.223
(0.150)
Log likelihood -4964 .2 -4994.7 -4962.5

Benefits, earnings and replacement ratio are thousands of
Finnmark after tax in a month. Other explanatory variables are
number of children, married, sex, age, level of education,
training for employment, member of a labour union, came from
schooling, came from housework, regional demand, occupational
demand and taxable assets.

Lilja (1992) has emphasized that other features of the
UI system than just the benefit level may involve effects

on the probability of becoming employed. Using Finnish data
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she estimated hazard models for the probability of becoming
employed separately for the persons who received the basic
and earnings-related unemployment allowances and for the
persons who did not receive any benefits. The approach is
comparable to the studies for the U.S., where the
disadvantage of the administrative data is that figures for
only the persons who have begun receiving UI benefits are
available [see e.g. Moffitt (1985)]. The problem related to
the truncated data has been pointed out also by Atkinson
and Micklewright (1991). In the light of these studies
separate models for the recipients and non-recipients of
these two benefits were estimated.

Table 2 presents the results of the models, which are
estimated separately for the non-recipients and recipients
of the different benefits. There are some notable
differences in the parameter estimates. The level of
education has a negative effect for the recipients of
earnings-related bénefits, but a positive effect for the
persons receiving the basic benefit. The persons who
entered the labour force from housework and obtained basic
benefits have more problems in finding acceptable jobs. The
occupational demand and the taxable assets of labour
increase strongly the re-employment probability of the
recipients of the earnings-related unemployment allowance.
The estimated coefficients of replacement ratios are both
negative, but their absolute values are lower than in the
model where the non-recipients of benefits are included.
The coefficient of the replacement ratio for the recipients
of the earnings-related unemployment allowance does not

statistically differ from zero. This result shows that care
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is needed in interpreting the results based on data sets
where the non-recipients of benefits are truncated.

The replacement ratios have a different effect on the
re-employment probability depending whether the non-
recipients of benefits are included in the sample. This
result leads us to consider another kind of specification
of the model. Using Finnish data Eriksson (1985) estimated
models of unemployment duration with indicators for the
recipients of the benefits of the two different benefit
schemes.

The first model of Table 3 corresponds to the
specification used by Eriksson. The results of these two
studies are rather similar. The receipt of the basic
unemployment allowance has a negative effect on the re-
employment probability. It is nearly twice as high as the
effect for the recipients of the earnings-related
unemployment allowance. In the second model only the
recipients of the benefits are included in the sample. The
effects are estimated separately for the replacement ratios
in both of the benefit schemes. In the third model the
whole sample including the non-recipients of benefits is
used for the estimation of the effects of the corresponding
replacement ratios. It turns out that the total effect of
the replacement ratio can be decomposed into the receipt of
the benefits and the level of the replacement ratio of the
persons receiving benefits.

Similar models were estimated without making the
distinction between the two benefit schemes. The parameter
of the receipt of benefits took a statistically significant

value of -0.582. The parameter of the level of the benefits
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took a significant value of -0.602. The sum of these two
effects i1s approximately the parameter estimate of the
replacement ratio, which took a value of -1.223. These
results show that the truncated benefit data without non-
recipients of benefits tells only a part of the effects of

the replacement ratios.
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Table 2. Weibull models of unemployment duration with

duration-dependent replacement ratios

(A) recipients of the basic allowance
(B) recipients of the earnings-related allowance
(C) non-recipients
(A) (B) (C)
Std.errors in parentheses

Shape 1.115 1.064 0.742
(0.046) (0.075) (0.027)
Constant -2.248 -1.801 -1.406
(0.284) (0.573) (0.190)
Number of children 0.002 0.090 -0.068
(0.069) (0.095) (0.850)
Married 0.074 0.304 0.128
(0.114) (0.177) (0.096)
Sex -0.168 -0.065 0.138
(0.106) (0.148) (0.084)
Age -0.044 -0.069 -0.029
(0.006) (0.008) (0.005)
Level of education 0.339 -0.372 0.076
(0.108) (0.161) (0.082)
Training for employment 0.036 0.101 0.298
(0.135) (0.188) (0.102)
Member of UI fund 0.188 0.162 0.098
(0.148) (0.432) (0.089)
Came from schooling 0.187 0.136 0.436
(0.120) (0.294) (0.117)
Came from housework -1.026 -0.449 -0.665
(0.183) (0.226) (0.222)
Regional demand -0.527 -0.009 0.165
(0.601) (0.899) (0.286)
Occupational demand 0.194 3.824 0.050
(1.156) (1.362) (0.905)
Taxable assets Ul Zd 3.959 -1.874
(2.538) (1.825) (1.739)
Replacement ratio -0.995 -0.124

(0.236) (0.387)

Log likelihood -1823.8 -925.7 -2156.0
Number of observations 720 337 1025
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Table 3. Weibull models of unemployment duration with

duration-dependent replacement ratios

(A) indicators for the receipt of benefits
(B) replacement ratios for the recipients
(C) replacement ratios for the whole sample

(A) (B) (C)
Std.errors in parentheses

Shape .868 1.086 0.866
(0.020) (0.038) (Q.020)
Constant -1.385 -2.031 -1.423

sLaa) (0.227) (0.136)
.032 0.035 -0.007
.052) (0.052) (0.051)

Number of children

Married sl 323 0.155 0.167

(0.065) (0.089) (0.065)
Sex .029 -0.135 0.017
Age -0.041 -0.053 -0.043

.003) (0.004) (0.003)
112 0.181 0.073
.057) (0.085) (0.057)
o1 90 0.075 0.193
.071) (0.105) (0.072)
062 -0 .055 0.100
.068) (0.114) (0.066)
« 309 0.178 0.286
(0,079} 1(0.1086) (0.078)

0
0
1
0
0
0
0
0
0
(0.057) (0.079) (0.056)
0
0
Level of education 0
0
Training for employment 0
0
Member of UI fund 0
0
0

Came from schooling

Came from housework -0.672 -0.788 -0.684
' (0.125) (0.145) (0.126)
Regional demand -0.035 -0.347 0.115
(0.240) (0.504) (0.239)
Occupational demand 0.835 1.391 0.639
(0.584) (0.829) (0.599)
Taxable assets 0.848 2.261 0.860
(1.066) (1.322) (1.086)
Recipient of ERUA -0 .399
(0.089)
Recipient of BUA -0.683
(0.071)
Replacement ratio of ERUA =0 .108 -0.706
(0.257) (0.212)
Replacement ratio of BUA -1.054 -1.625
(0.222) —(0.186)
Log likelihood -4953.0 -2156.0 -4956.5
Number of observations 2077 1052 2077
ERUA earnings-related unemployment allowance

BUA basic unemployment allowance
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2.2. The Gamma Mixing Distribution

In this section an approach to the incorporating of gamma
heterogeneity into duration models is described and the
integrated hazard for graphical examination of residuals 1is
derived. It is inevitable that in an econometric analysis
relevant variables will be omitted either because they are
unmeasurable or because their importance is unsuspected.
Even if the omitted variables are uncorrelated with those
which are included in the model the parameters will be
biased towards zero [Nickell (1979b)]. The usual method for
incorporating heterogeneity i1is to assume a parametric
functional form for the pattern of the heterogeneity. The
gamma mixing distribution has been chosen, because it is
analytically simple to use and it provides quite a flexible
model for the distribution of the heterogeneity component .
Lancaster (1979) found that the estimated falling
hazard function represents, at least in part, merely the
effect of unrecognized heterogeneity of the sample
individuals, i.e. omitted variables. He introduced
regressors into the model one at a time and each time found
that the parameter estimates increased. Rather than being
an estimate of a behavioral parameter, o is, at least in
part, merely an index of specification error. The more
significant regressors are included, the larger it becomes.
It may be shown under fairly general conditions that the
coefficients of explanatory variables are then biased

towards zero [Lancaster and Nickell (1980)]. Therefore, we



106
may expect the parameters of the model to increase in
absolute value when the effects of omitted variables are
taken into account.

The method of correcting for gamma heterogeneity has
been widely used during the 1980’s in duration models.

[e.g. Kooreman and Ridder (1983), Newman and McCulloch
(1984), Narendranathan, Nickell and Stern (1985) and
Engstrdm and Ldéfgren (1987)]. The model specification has
not, however, been examined in these studies.

Suppose the individuals of the sample differ to some
certain degree with respect to some unobservable variable,
say, motivation v. Each individual has his own v and hence
his own hazard function hi(t). Lancaster using data from the
stock of unemployed persons assumed that these hazard
functions have a gamma distribution. The conditional hazard
function in a Weibull model allowing for gamma

heterogeneity 1is

(10a) hit|v) = vataexﬁ,

where v has a gamma density

(10Db) g{v) = \Y% e i with I'(p) =

The expected value of the heterogeneity component E(v) =
L/y is normalized to one by setting Y = U and its variance,
i.e. ©* = 1/U, is estimated. Integrating the survivor

function over the assumed mixing distribution gives a
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closed form for the survivor function with gamma
heterogeneity. Differentiation gives the corresponding
density function. The marginal hazard function, not
conditional on v, 1s obtained as a ratio of the density and
survivor functions. The hazard function allowing for gamma

mixing distribution can then be written as

(11) nie) = ae® TPy 4 2Byl

Integrating (11) from zero to t gives the needed integrated

hazard

(12) I(t) = 1/0%log[l + o2t%*P;.

I(t) has a unit exponential distribution, as will be seen
in section 3. The hazard function (11l) and the integrated
hazard (12) are substituted into the likelihood
contribution (4) to estimate the unknown parameters.

The data of 2077 Finnish unemployed persons were used
to estimate the econometric models. For estimating duration
models and developing statistical tests it was found useful
to write the needed programmes using the SAS/IML (1985)
programming language. The programme is reported in Appendix
1. The Berndt, Hall, Hall and Hausman (1974) algorithm was
used to estimate the unknown parameters. It requires the
analytic first derivatives of the log likelihood function
with respect to the parameters to be estimated.

The results of the estimations assuming a Weibull

distribution are in the first column of Table 4.
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Exponential, lognormal, loglogistic and gamma distributions
were also tried to estimate different hazard models, but it
turned out that the parameter estimates of the structural
parameters were only slightly different from the
corresponding estimates using the Weibull distribution. The
constant of the model, where the effect of omitted
variables is captured, decreases and the absolute values of
the statistically significant parameter estimates increase
in most cases when gamma heterogeneity is introduced into
the Weibull model, as is to be expected. The basic Weibull
model produces a decreasing hazard function, but the shape
parameter of the Weibull model with gamma heterogeneity
takes a value larger than one indicating increasing hazard
functions for the individuals. The sample hazard function
with a gamma mixing distribution is increasing at the
beginning of unemployment, but later on it turns into a

decreasing function.
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Table 4. Gamma heterogeneity in a Weibull model

Dependent variable:
The length of the spell of unemployment

(A) (B)

(A) A Weibull model Std.errors

(B) A Weibull model allowing in parentheses
for gamma heterogeneity

Shape parameter 0.861 1.201
(0.020) (0.058)
Variance of heterogeneity 1.045
(0.162)
Constant -1.478 ] « £57
(0.136) (0.210)
Number of children -0.004 -0.020
(0.050) (0.080)
Married 0.170 0:135
(0.065) (0.101)
Sex -0.007 -0.066
(0.056) (0.090)
Age -0.042 -0.057
(0.003) (0.005)
Level of education 0.064 0.035
(0.058) (0.095)
Training for employment 0.176 0.321
(0.072) (0.119)
Member of UI fund 0.213 0.364
(0.060) (0.096)
Came from schooling 0.291 0.375
(0.078) (0.130)
Came from housework -0.711 -0.892
(0.124) (0.176)
Regional demand 0.168 Q.353
(0.238) (0.338)
Occupational demand 0.641 -0.098
(0.600) (0.963)
Taxable assets 1.021 D.822
(1.080) (1.379)
Replacement ratio -1.223 -2.243

(@.150) (0.36L)

Log likelihood ~-4962 .5 ~4920.6
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2.3. The Discrete Mixing Distribution

In this section a mass point approach to the incorporation
of unobserved heterogeneity into duration models is
described. A method to estimate a discrete mixing
distribution is described and integrated hazards for
graphical examination of residuals are derived. The main
method for incorporating unobserved heterogeneity has been
to assume a parametric functional form for the pattern of
heterogeneity. Heckman and Singer (1984a,b), who propose a
discrete pattern of heterogeneity, have shown that
estimates of the structural parameters may be sensitive
with respect to the parametric forms assumed for
heterogeneity. Furthermore, there are a limited number of
tractable forms for mixing distributions available.

The approach dispensing with the need to specify a
parametric distribution for the heterogeneity component has
its origins in the work of Kiefer and Wolfowitz (1956), who
showed that a nonparametric characterization of the
heterogeneity distribution ensures consistent estimation of
simultaneously estimated structural parameters. Further
work on the properties of mass point mixing distributions
has been carried out by Simar (1976), Laird (1978), Lindsay
(1983a,b) and Heckman and Singer (1984a,b). Applications of
the mass point approach in the context of discrete choice
models have been presented by Davies and Crouchley (1984),
Dunn, Reader and Wrigley (1987), Davies (1987) and Card and

Sullivan (1988). Applications to duration models have been
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presented by Brannds (1986a,b), Trussell and Richards
(1987) and Ham and Rea (1987).

To illustrate the discrete heterogeneity problem with
discrete variables, suppose for simplicity that there are
in the sample two groups, which have different constant
hazard functions h;(t) > h,(t) for all t =2 0 and which are
not controlled by explanatory variables in the data. At
t = 0 the estimated hazard is the average of the hazards of
these groups. The proportion of the low hazard group
increases over time and the estimation gives an indication
that the hazard function of the individuals is falling when
it is in fact constant. The average hazard of the sample is
converging asymptotically to the hazard function h,(t). In
the sequel of this section it can be seen that this example
happens to come true with the data in the case of two mass
points.

Define the function £, = [« £,(t£)dQ(u) to be the
mixture density corresponding to a mixing distribution Q.
The densities f, are atomic densities for each value of u.
A convex combination of m elements of £, can be written as
% pify, with the restriction X p; = 1. It is assumed that
the density of unobserved heterogeneity has a particular
functional form, namely the likelihood function has been
specified so that there are m types of individuals in the
sample not controlled by explanatory variables. The
probabilities p; are the shares of these groups, but it is
not possible to distinguish between m types of individuals.

In the case of parametric duration models the mixing

likelihood contribution can be written as
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where h;(t) = at and Jyik) = € are the
atomic hazard functions and integrated hazards
respectively. The objective is to estimate the discrete
mixing distribution consistently with the atomic densities,
a maximizer of the mixture likelihood function 9(Q) = m® £,.
Maximizing the likelihood function €(Q) over Q may be
accomplished by maximizing the concave function L(f) =
Y log f,. The problem is equivalent to the maximization of
a concave function subject to finitely many linear
constraints.

To ensure that the probabilities p; € (0, 1) and that

2 p; = 1, the probabilities associated with each location

have been defined using a multinominal logit type of

formula
gi

&
(14) B = ¢ 1= Ll ,m-1,

m-1 gy

1 + X e

k=1
where g,, kK = 1,...,m-1 are parameters to be estimated. The
probability of the last mass point p, = 1-p;=-pP2=+..=Pp-1- BY

definition p; = 1, when m = 1. The parameters g, work only
as a device. They do not have an interesting economic
interpretation in this context.

The standard errors of the probabilities p; can be
approximated by the well-known delta method. The first

order Taylor series expansion gives



~ ~ apl
(15) pi(g) = pi(g) + (g - g) ',
dg
where g = (g; ... g,.;) . The variance can then be

approximated by

A D;’ d i
(16) Var([p;(g)] = —= Var(g) —=
g dg

Locations of mass points are defined as exp(u;). The

vector of ones has been left out from the explanatory
variables to avoid singularity. The idea of mass point
models can be expressed so' that the constant parameter f3,
of the basic model is partitioned in m location parameters
u; and each of the location parameters is given a
probability p;. In the case where m = 1, when there is one
location parameter, the parameter u,; is equal to the
constant of the basic Weibull model B,. Consequently, the
likelihood function of mass point models reduces to the
likelihood function of the basic Weibull model, and the
model with one mass point and the basic Weibull model
coincide.

Following Lindsay (1983a) it can be seen that the log
likelihood function L(f) = X log f, is differentiable with

the directional derivative of L at LQo towards LQ1 being

(17) D(u;Q)

é_i)%l {L[(l—p)fQO + prl] - L(fQO)}/p

I

T [(fg, - fq,)/fq,]
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= X fQ1/fQo ~ 0,

where it will be understood that the summing is over
observations. The procedure of estimating a discrete mixing
distribution is to increase the number of points of support
until D(u;Q) £ 0. Then the procedure is stopped and the
semi-parametric ML estimator is obtained. This procedure is
suggested also by Bradnnds and Rosengvist (1988). Maximum
likelihood algorithms are directly applicable to the
constrained problem of maximization over discrete mixtures
Q with a fixed number of support points. A simple first
order check for a global maximum is to verify that

the second derivative D'’ (u’; Q) < 0 at the support points
of measure Q. The Berndt, Hall, Hall and Hausman (1974)
algorithm is used to estimate the unknown parameters.

It should be noted that only the consistency of the
estimates has been'established (Kiefer and Wolfowitz,
1956). A formal inferential framework beyond their proof
has not yet been established for mass point methods. The
standard errors of the estimated parameters are obtained
from the estimated information matrix. Therefore these have
no rigorous justification even though this procedure has
been used in practice by, for example, Heckman and Singer
(1984b) and Davies and Crouchley (1984).

The integrated hazard of the mass point models needs to
be derived. The density and survivor functions are obtained
from the mixing likelihood contribution (13) by setting
c =1 and ¢ = 0 respectively. The hazard function h(t) is

the ratio of these two functions, i.e. h(t) = £(t)/S(t).
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m —Ii(t)
1=l
m ‘“Il(t)
(18b) S(t) = X pe
1=1
m "Il(t) m _Il(t)
1=1 1=l

Integrating the hazard function gives a rather simple

expression for the integrated hazard

which i1s needed in the graphical examination of residuals.
It is based on the fact that I(t) has a unit exponential
distribution in the absence of censoring, as will be seen
in the next section. Note that if m = 1 the integrated
hazard (19) reduces to the integrated hazard of the basic
Weibull model (6).

The results of estimations of the mass point models are
presented in Table 5. The values of function D of the
models with 2, 3, 4 and 5 mass points are 0.86, 5.97, 1.13
and -3.45 respectively, showing that five points of support
are enough to rectify the effect of omitted variables with
this data. The model with two mass points produces constant
hazard functions for the two groups, which are not
controlled for explanatory variables. Models with three or

more mass points produce increasing hazard functions. An
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increasing hazard function is in concordance with standard
search theories with a limited search horizon. The absolute
values of statistically significant parameter estimates
increase in most cases when more mass points are introduced
into the model, as is to be expected.

Many of the explanatory variables have significant
effects on the re-employment probability. Age is a very
significant factor like in many other countries [see
Lancaster (1979), Nickell (1979a,b), Heckman and Borjas
(1980), Kooreman and Ridder (1983), Atkinson, Gomulka,
Micklewright and Rau (1984), Narendranathan, Nickell and
Stern (1985) and Folmer and van Dijk (1986)]. Older people
are more likely to have problems in finding jobs. Training
for further employment has a significant and positive
effect on the re-employment probability. Members of the UI
funds, i.e. members of the labour unions in the Finnish
system, become employed earlier than the non-members, as
expected by the search models. Similar results have been
obtained for Finland by Lilja (1992) using the data of the
Labour Force Surveys. On the other hand, Narendranathan,
Nickell and Stern (1985) found for the U.K. that the
members of labour unions had lower re-employment
probabilities. This result is most likely due, however, to
the different systems of unemployment insurance. The
persons leaving school or the military service usually have
no great problems. They leave unemployment clearly earlier
than the others. The persons who have come from housework
find it very difficult to find a job. The effects of
unemployment benefits are measured in this study using the

benefit replacement ratio. This variable is not always
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defined in the same way. There is a unaminity, however, in
the qualitative impacts of how the replacement ratio
affects the probability of becoming employed. Similar
results have been obtained by Lancaster (1979), Nickell
(1979a,b), Atkinson, Gomulka, Micklewright and Rau (1984)
and Narendranathan, Nickell and Stern (1985). The benefits
decrease significantly the re-employment probability, as is
expected by the search theoretical models. The number of
children, marriage, gender, level of education, demand
variables and taxable assets do not have statistically
significant effects on the re-employment probability in
these models.

In Figure 1 the probabilities of mass points p; are
plotted against the locations exp(u;). The mixing
distribution does not seem to be very far from a gamma
distribution. There seems to be a pattern in the way new
mass points are located. When the numpber of mass points is
increased, each location in the previous model seems to get
new locations on both its sides in the next model.
Furthermore, they seem to take less mass than the neighbour
mass points in the previous model.

The sample hazard functions (11) and (18c) have been
illustrated in Figure 2 for a person with average
characteristics in the sample. Even though the hazard
functions of the different groups of the mass point models
are constant or increasing, the hazard function for the
sample does not need to be monotonous. The sample hazard
function of the final mass point model is decreasing except

for the first few weeks.
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Table 5. Mass point heterogeneity in a Weibull model

Dependent variable: The length of the spell of unemployment

Number of mass points
m=4 me=d m=4 m=5
Std.errors in parentheses

Shape parameter 0,998 1.245 1.457 1.671
(0.034) (0.063) (0.114) (0.182)

Number of children -0.004 -0.035 -0.020 -0.034
(0.059) (0.080) (0.095) (0.108)

Married 0.126 0.119 0.144 0.157
(0.080) (0.099) (0.117) (0.132)

Sex -0.058 -0.050 -0.044 -0.088
(0.070) (0.088) (0.105) (0.119)

Age -0.049 -0.060 -0.070 -0.082
(0.004) (0.005) (0.007) (0.011)

Level of education 0.045 0.063 0.059 0.074
(0.074) (0.095) (0.112) (0.125)

Training for employment 0.257 0.276 0.375 0.367
(0.091) (0.117) (0.140) (0 .157 ]

Member of UI fund 0.260 .333 0.407 0.473
(0.074) (0.094) (0.113) (0.136)

Came from schooling 0.261 0.384 0.450 0.399
(0.099) (0.128) (0.158) (0.171)

Came from housework -0.765 -0.950 -1.029 -1.232
(0.143) (0.184) (0.218) (0.271)

Regional demand 0.221 0.396 0.542 0.432
(0.274) (0.348) (0.408) (0.464)

Occupational demand 0.233 0.038 -0.529 0.020
(0.736) (0.932) (1.129) (1.268)

Taxable assets 0.781 2.166 2.124 0.553
(1L.176) (1.546) (1.930) (1.877)

Replacement ratio -1.689 -2.339 -2.761 -3.032
(0.189) (0.267) (0.362) (0.451)

u, -1.154 -0.162 1.096 2,717
(0.168) (0.241) {0.391) (0.570)

u, ~3.362 -2.102 -0.848 0,441
(0.389) (0.250) (0.332) {0.373)

s -5.336 -2.711 -1.533
(0.781) (0.376) (0.414)

Uy -6.094 -3.396
(0.808) (0.550)

Uc -7.291
(1.142)

ol 0.834 0.303 0.106 0.038
(0.046) (0.017) (0.015) (0.010)

P> 0.166 0.605 0.342 0.174
(0.046) (0.007) (0.010) (0.006)

jo 0.092 0.461 0.354
(0.024) (0.001) (0.003)

P4 0.091 0.354
(0.024) (0.002)

Ps 0.080
(0.022)

Log likelihood -4929.0 -4916.,5 -4913.9 -4912.7




119

Figure 1. Mass point probabilities in a Weibull model
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Figure 2. Sample hazard functions of Weibull models
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At any time t, the remaining spell of unemployment is
obtained by integrating the survivor function from t, to
infinity. Thus the expected value of the unemployment spell
in the case of a Weibull model allowing for discrete mass

point heterogeneity can be written as

f m o u;+xf
(20) E(T) = . X pexp(-t e ) dt
1=
m - (u;+xf) /o
= X p;(l/a)e I'{l/am) ,

where I' is the gamma function and the integration is done
by a change of variables letting I; = taeui+XB.

The Weibull model with mass points of support is
illustrated by way_of example. Let the fictive persoﬁ be a
single 30-year-old woman who has no children. She has less
than 10 years of education and no training for further
employment. She has left employment, but has not been a
member of a labour union. She faces an average regional and
occupational demand of labour and she has no taxable assets
and does not get unemployment benefits. The expected
unemployment spell of the person is 37.8 weeks. The effects
of the changes in the characteristics of the person on the
duration of unemployment are illustrated in Table 6. It can
be seen that most important factors affecting the duration

of unemployment 1s the age, work experience (not come from

housework) and the high level of unemployment benefits.
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Schooling and skill (member of the labour union) seem to

have positive effects on the re-employment.

Table 6. The effects of explanatory variables on the

expected duration of unemployment for a person

Taxable assets: 0 =5 0.2 millions of Finnmark ~2 4
Replacement ratio: 0 — 0.1 7.
' 0 —>0.2 16.

0—>0.3 27 .

The change of the The change of the expected
explanatory variable duration of unemployment
Number of children: 0 = 1 0.8
Married: not — yes -3.4
Gender: female — male 2.0
Age: 30 — 40 years 23,8 *
At least 10 years schooling: no — yes -1.6
Training for further employment: no — yes -7.4 *
Member of UI fund: no — yes -9.,3 *
School graduate: no — yes -8.0 *
Came from housework: no — yes 41 .2 *
Regional demand: 0.1 — 0.5 -3.7
Occupational demand: 0.1 — 0.5 -0.2

4

5

5

3

* Statistically significant effect on the 5 per cent level
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3. Misspecification Analysis
3.1. Graphical Examination of Residuals

A graphical method to examine model misspecification is
described and illustrated in this section. The integrated
hazards, i.e. generalized residuals of fitted models,
derived in the previous sections are examined. Exponential
and Weibull models in the absence of censoring have been
studied by Lancaster (1983, 1985). Lancaster and Chesher
(1985a,b) have described the construction of residuals for
right-censored duration data. In this study their procedure
based on product-limit estimates [Kaplan and Meier (1958)]
has been applied to residual definitions (12) and (19) to
examine model specification when gamma and mass point
heterogeneity have been introduced into the model.
Furthermore, critical regions for the residual plots are
derived.-

Consider any duration distribution with a hazard
function h(t; ¢) depending upon a parameter vector ¢. Then

the random variable

(21) I(T) = T h(t; ¢)drt

has a unit exponential distribution since at any time point

t > 0 the survivor function 1is

(22) o Lher P(T > t)
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Thus for every I(t) = 0, the survivor function

P[I(T) > I(t)] = exp[I(t)], which i1s the survivor function
of unit exponential distribution. The moments of I(T) are
E[I(T)q] = qgql, 9= 1, 2,... The definitionsgs of the
generalized residuals E(T}) in the absence of censoring is

given by Cox and Snell (1968) and in the Weibull case the

residuals are

where the ~ indicates maximum likelihood estimates and n is
the size of the sample. Hence, if the negative of the
logarithm of the residual survival function is plotted
against the ordered sequence of the residuals, it should
give approximately a straight plot on a 45° line through
the origin. For graphical plots when a Weibull model with
gamma heterogeneity i1is fitted to the data the residuals can

be written as

(24) I(T;) = 1/6® log[l + G TjanjB]

and the residuals for the mass point models can be written

as

With censoring t = min(T, Z), where Z 1s a censoring

time. If the model is correct, the residuals approximate a
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censored random sample from the unit exponential
distribution, where the approximation is due to use of the
estimated values instead of the true ones. Now the
residuals have not got a unit exponential distribution,
because its distribution depends on that of the censoring
time. However, it 1s possible to define a set of residuals
which do have simple properties under correct
specification.

In the case of right-censored observations a procedure
based on product-limit estimates suggested by Lancaster and
Chesher (1985a,b) can be used to estimate the survivor
function of residuals and this is a distributed unit
exponential when the model is correct. Consider the ordered
sequence of the residuals. The hazard function of the
residuals can be calculated for each residual corresponding
to an uncensored observation as the ratio of the number of
residuals with value equal to the particular residual and
the number of residuals greater than or equal to it. Let
this ratio for the sth ordered uncensored residual be
ﬁ(fs). Then the product-limit estimate of the residual

survivor function 1is

(26) S(I;)

1
n u.
nai
£

[1 = hiZl:) ],

and minus the logarithm of the residual survivor function

1s given by

A ~ ~ ~

(27) - log S(I;) = - ;{:3 log[l - h(I,)].
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The plot of the negative of the logarithm of the residual
survivor function (27) against the residuals should give
approximately a 45° line through the origin for large
samples when the model is correct.

To evaluate the model specification using residual
plots it is useful to calculate critical regions for minus
log residual survivor functions. The product-limit method
gives a maximum likelihood estimate for the survivor
function. If there are d; persons becoming employed among
the r; individuals in the risk set at t;, the contribution

to the likelihood function can be written as

(28) ¢ = h;

where h; is the hazard function. The log likelihood

contribution 1s then

(29) logl = djlog hy + (r;

]

- dj);og(l - hj)°
The maximizing ﬂj = d;/r; is the solution of

(30) dlogl /3h; = d;/hy - (r; - 4
The sample information matrix at ﬂ is

(31) _3%log /3hdh = r,/(h (1 - hy)1,

which is obtained by substituting d; = hyr;. In order to

estimate the variance of -log S(I;), consider the logarithm

of the product-limit survivor function
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~ ~ j—l ~
(32) log S(I;) = lZO log pi,

~

where p, = 1 - h,. The delta method implies

~

(33) Var (log ﬁj) = Var (p;) (dlog p;/dp;)?

= Pald = pj)/rjpjzl

~ A

where Var(p;) = Var(h;) is estimated by the inverse of the

observed information matrix. Assuming that log p,,

1 =1,2,..., are independent
(34) Var[-log S(Ij)] = 05" = l§0 (1 - p)) /oy
j=l
= lEO dl/[rl(rl - dl)]’

A

sinoe p, = 1 - d,/x;- Aﬁother way of calculating (34) 1is to
assume that the distribution of r;p, is binomial. Greenwood
(1926) followed this approach in calculating his famous
formula for the wvariance of the survivor function. The
confidénce limits for the estimated -log é(i) can be

computed using the estimates of standard errors oO; as

follows

A ~
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where C,,, 1s the critical value for the normal
distribution. That is, ®(-C,,) = 0/2, where @ is the
distribution function of the normal distribution. Under

~

the null hypothesis Pr[-log S(I) > I] = o/2 and

Pr(-log §(f) < f] = /2 for all wvalues of f. Then

o = 0.1 requests the 90 per cent critical region for

the -log S(I). It should be pointed out that for small
values of r, equation (34) is not a good approximation of
the true variance.

Figure 3 illustrates the residual plots with the
confidence limits for the models estimated in section 2.
The limits are rather narrow, not allowing very much
departure from the 45° diagonal. It should be pointed out
that the departure from the 45° line is larger for high
values of the residuals. Thus the graphical method reveals
best the right tail behaviour of the duration distribution.
A plot above (below) the 45° line indicates that the
estimated hazard fﬁnction is too low (high). The behaviour
of residuals seems to be slightly better after allowing for
gamma heterogeneity. In the mass point models no specific
assumption about the distribution is required for the
unobserved heterogeneity. Thus the risk of misspecification
is reduced. The departure from the 45° line decreases when
the number of mass points has been increased. In the last
graph the plot is fairly precisely on the 45° line except

for the last few observations.
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Figure 3. Residual plots of the models of unemployment duration
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3.2. The Information Matrix Test

In this section the Information Matrix (IM) test is used to
specify the pattern of heterogeneity. The test is used to
test the Weibull model against gamma heterogeneity and the
Weibull mass point models against more mass points. To
focus on the particular parameters of interest the IM test
introduced by White (1982) is used to reveal the constancy
of the shape parameters, constants and location parameters
of the models. The interpretation of the test was first
given by Chesher (1984). To avoid the computation of the
analytic second derivatives of the IM test a numerical
procedure to ease the computation is presented.

The likelihood ratio test cannot be used when the
hypothesis of interest is on the boundary of the parameter
space. The test statistic can have non-standard
distributions under null hypothesis. This happens if the
MLE of the variance has to be constrained to be non-
negative and if it can be zero with non-negligible
probability. The problem does not affect score tests. Hence
the focus is on the IM test, which is a score test as shown
by Chesher (1984).

Let L = 2 log[l(x, ¢)] be the log likelihood function
and let p be the number of parameters in the model. Write

the derivatives of L with respect to the parameters as

(36) OL/90, = L,

(37) azL/aQ)laQ)J = Lijl
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where L; is a (pxl) vector and Lj; a (pxp) matrix. The IM
test compares the familiar IM identity in maximum

likelihood theory to zero

(38) E(Llj + Lle) = O, i,j = l,...,po

It examines whether alternative forms of the information

matrix, the Hessian L;; and the outer product -L;L;, are

T
appfoximately equivalent in the sample. This essentially
means that when the model is correctly specified, the
information matrix can be expressed in either Hessian form
or outer product form.

The test will be based on the indicators ﬁA. For
an observation, ﬁA is a vector with one element

corresponding to each index pair in the interesting set of

distinct index pairs A

(39a) ﬁA = nt T dyy, i,j € A, where

(39b) dis = Ly + Lyby.
The summation is over the n individuals of the sample and
the © indicates that the parameters are replaced by their
MLE. Under regularity conditions given by White (1982) the
joint distribution of n!/?D, is asymptotically normal with
mean zero and covariance matrix V, which depends on the
index pairs selected.

The IM test presented by White requires the analytic

third derivatives of log likelihood function. Lancaster
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(1984) showed that the test can be calculated using the
analytic second derivatives. In this study it is shown that
the second derivatives can be calculated numerically using
the analytic first derivatives. The asymptotic covariance
matrix of n!/?D, is obtained as shown by Lancaster by
applying the first order Taylor series expansion, using the

IM identity and rewriting the terms as

(40) Va = E(d’d) - E(dA’'Ly) [E(Ly'Ly) 1 'E(L,"d),

where d is a vector of IM identities and L, includes the
first derivatives. V, is consistently estimated by
replacing E by n'¥ and ¢ by @. The generic form of the IM

statistic is then

(41) T, = nD,’V,"'D,.

When the likelihood function is correctly specified the IM
test statistic displays an asymptotic chi-squared
distribution with as many degrees of freedom as there are
indicators, i.e. rank(V,). There will be at most p(p+1l)/2
indicators and test statistics, but it is in many cases
inappropriate to base the test on all the indicators. If
the interest is on single parameters, then it is necessary
to consider the IM identities d;;. If the computed test
statistic exceeds the critical value, the null hypothesis
that the model has been correctly specified can be
rejected.

Chesher (1983) showed that T, = nR?, equivalently as

the explained sum of squares, from the least squares
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pseudo-regression 1 = [d : ﬂ¢]B + € in which the dependent
variable U is an n element vector of ones and the
regressors are the selected IM identities d and the
derivatives L, for all the parameters in the model. The
identities and derivatives are evaluated at MLE of
parameters and at each element of t, ¢ and x. To show the
result the sum of squared residuals of the estimation of f3

1s written

(42) €'¢ = 1'(I - R(R‘’R)"IR") 1

=n - L'R(R'R) 'R’ 1,
where I is a identity matrix and R = [a - ﬁ¢]. Since
L’§¢ = 0 by the first order condition of MLE, it is needed

to consider the top left block of (R’R)! so that

(43) e'e =n - 1/4(d'd - A'Ly(L,'L,) 'Ly’ d) 1d 1
= 0 ~ T,
Defining R? in the pseudo-regression as 1 - E’g/l't, i1t can

be seen that T, is precisely nR? from the pseudo-
regression.

The second derivatives may be difficult and time
consuming to derive analytically. Analytic second
derivatives are not necessarily needed, however, to compute
the IM test. Numerical approximations based on the analytic

first derivatives can be used to compute the second
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~

derivatives. The difference quotient [Fi($+A) - B Q) ] /4,
when starting from @ + A and taking one iteration step
towards the maximum of the log likelihood function,
approximates the magnitude of second derivatives. The

diagonal IM identities are then of the form

~

(44) di; = Fi(O)F (9) - [F (0+A) - Fi()1/A,

where the small number A = 0.0000001. Using numerical
examples it 1s straightforward to show that this procedure
gives fairly accurate estimates of the analytic second
derivatives.

The results of calculaﬁions of IM test statistics are
presented in Table 7. The shape parameter and the constant
terms, which are the location parameters in mass point
models, have been tested. The calculated test statistics
for the shape parameters are less than the critical value
with gamma-heterogeneity and with two or more mass points.
This gives support to the conclusion that the correction
for heterogeneity rectifies the shape of the hazard
function, which shows that the groups of the sample may
consist of individuals with non-decreasing hazard functions
even though the sample hazard function may be decreasing.

The IM test statistics for the constants and location
parameters are lower after introducing heterogeneity to the
model, as was expected, because the influence of omitted
variables is captured in the constant and location
parameters. Gamma heterogeneity improves substantially the
model specification but not enough to pass the IM test. The

mass point method provides an excellent pattern of
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heterogeneity. According to the IM test three mass points
are enough to rectify the model specification with respect

to the tested parameters.

Table 7. Information Matrix test statistics

Models Parameters Test statistics
Weibull, m=1 o 28.30
B, 44 .24
Weibull, gamma o 2.48 *
heterogeneity B, 8.63
m=2 o 4.33 ~*
s 22.29
u, 8.61
m=3 o 0.06 *
u, 4.49 ~*
u, 0.26 *
U, 0.71 *
m=4 (04 0.40 =
u, 0.46 *
u, 1.49 =
U, 0.34 *
i 0.46 *
m=5 (04 Q.01 =
u, 0.13 *
u, 507 =
U,y D.12 *
u, 0.11 ~*
Ug 0.31 *
* Significant at 1 per cent level (%% 9.9 = 6.63)

Numerical tests confirmed the conclusions of the
graphs, which may be subject to incorrect interpretations.
The conclusion of the IM test is that correction of
heterogeneity of duration models is of great importance
even with fairly rich and reliable data. The basic Weibull
model did not fit very well, but after introducing gamma

heterogeneity the model was better specified. Allowing for
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mass point heterogeneity, however, made the specification
even better. According to the IM test three mass points
were enough to rectify the effects of omitted variables in

the models with a fairly rich set of explanatory variables.
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4. Conclusions

According to the results of this chapter the unemployment
benefits have a negative effect and the labour union
membership indicator has a positive effect on the
probability of becoming employed, as is expected by the
search models. It is i1mportant to note that the rules of
the UI system are not similar for the members and non-
members of the labour unions. Under the full information
about the rules of the UI system an unemployed person takes
the changes of the system into account in advance. There is
reason to assume that at least some of the unemployed
persons know of the reductions in advance. Since the
reductions of benefits only apply to the earnings-related
unemployment allowances, they increase the hazard function
of only the recipients of those benefits during the whole
spell of unemployment. Therefore it is quite possible that
even though the benefits have a negative effect on the
probability of becoming employed, the recipients of the
lower basic unemployment allowance have lower hazard rates.
It can be argued using search models that the recipients
of the basic unemployment allowance do not have as many
elements of incentives for re-employment during their
spells of unemployment. A proportional decrease in UI
benefits has larger positive effects on the re-employment
probability for the persons having higher benefits, because
it has a higher economic importance. This result has been
shown by Usategui (1988). Econometric models take this

feature into account, since the elasticity of an
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explanatory variable with respect to the hazard function is
equal to its value multiplied by the parameter estimate.

In addition, it can be argued that the members of
labour unions find employment more attractive when jobs
have uncertain durations. According to well-known results
[see Mortensen (1977), Hamermesh (1979) and Burdett (1979)]
the members of labour unions have higher incentives for re-
employment than the non-members, because the higher
earnings-related unemployment benefits create a closer
attachment to the labour force via the higher value of
search. These elements of the UI system are studied more
carefully in Chapter V allowing for time-dependent effects
of replacement ratios.

The higher earnings-related unemployment allowance
creates also incentives for joining a trade union. Actually
when these benefits have became more generous in Finland
since the 1960’s the degree of unionization has risen
distinctively (see Tyrvainen, 1989). Nevertheless the trade
unions do not attract all the workers (students, self-
employed, temporary workers, etc.). The reasons for joining
a trade union are, however, beyond the focus of this study.

The models of unemployment duration allowing for
unobserved heterogeneity were studied in this chapter.
Weibull models with gamma and mass point heterogeneity were
estimated using Finnish microeconomic data. In the basic
Weibull model the estimated value of the shape parameter
was less than one indicating negative duration dependence.
However, the parameter estimates of the basic Weibull model
were biased. The absolute value of the estimate of the

shape parameter increased substantially after allowing for
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unobserved heterogeneity. In the Weibull model with gamma
heterogeneity and in mass point models with three or more
points of support the parameter estimate was larger than
one indicating an increasing hazard function for an
individual. These results are in concordance with standard
search theories. Also the parameter estimates of the
structural parameters increased substantially when
unobserved heterogeneity was taken into account. These
results show that there is unobserved heterogeneity in the
data and it is important not to neglect it.

The residuals of estimated heterogeneity models were
derived and examined by a graphical method. It seems that
the model with gamma heterogeneity is slightly better than
the basic Weibull model and the mass point models with
three or more mass points were rather well specified.
Numerical tests confirmed the conclusions of the graphs,
which may be subject to incorrect interpretations. Five
points of support were enough to rectify the effects of
omitted variables according to Lindsay’s rule. Furthermore
the information matrix test was used to specify the pattern
of heterogeneity. A numerical method to ease the
computation of the IM test was developed. According to the
test three mass points were enough to rectify the effect of
unobserved heterogeneity. The conclusion drawn from the
specification tests i1s that correction of heterogeneity of
duration models is of great importance even with fairly
rich and reliable data.

The estimation of the microeconomic models with a large
number of parameters and likelihood function specified by

the researcher may be difficult in practice using micro-
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computers or standard statistical packages. The needed
statistical tool with an application is presented. It is
written using the SAS/IML matrix language, which is close
to matrix algebra notation. The use of this programme is
not limited to this particular application, but with slight
modifications it i1s a useful tool to estimate a wide class
of maximum likelihood models. Furthermore, the programme is
a basis for further development and a framework for
developing specification tests according to the needs of

the users.
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Footnote

1. Recently a number of Dutch studies using panel data
have paid special attention to the problem of attrition
bias [e.g. Ridder (1990), Gorter et al. (1991) and van den
Berg et al. (1991)]. The use of panel data may lead to
biased estimates if the stochastic processes underlying
labour market behaviour depend on the behaviour concerning
participation in a panel survey or on the omitted variables
correlated with the endogenous variable. If the persons who
have a relatively high probability of finding a job also
have a high probability of censoring, the empirical hazard
rate underestimates the rate at which individuals become
employed. No grounds based on economic theory are presented
for the attrition bias. Gorter et al. (1991) conclude that
there are no indications of an attrition bias in their
study. Van den Berg et al. (1991) found that the unobserved
explanatory variables for the duration of panel survey
participation are not related to unobserved variables for
the duration of unemployment. In that study the attrition
could be treated as censored observations. The attrition
bias could in this study using flow data be a smaller
problem; since the durations are shorter, but we can not be

sure about this.
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Appendix 1. A Programme for Estimating Nonlinear Maximum

Likelihood Models

General Features of the Programme

An estimation of a user specified maximum likelihood model
is often difficult or impossible using standard statistical
software. Statistical packages often have restrictions
regarding the parametrization of the likelihood function
and the development of statistical tests. This section
provides the needed statistical tool which enables
estimation of the unknown parameters of the user specified
structural nonlinear model with an application to duration
models. A programme for estimating a Weibull model allowing
for gamma heterogeneity is provided. The programme is
nevertheless a useful tool for a wider class of maximum
likelihood models and a basis for further development
depending on the needs of the researcher. The programme is
written using the SAS/IML (1985) matrix language, which 1is
close to matrix algebra notation. The programme can be
translated with a little effort into any other matrix
language.

The origin of the programme should be made clear. It 1is
based on Andrew Chesher'’s programme, which was used to
estimate censored Weibull models for time to pavement
cracking. Subsequently it was used to estimate multiple
spell models of female fertility (Chesher, 1986). The
programme was converted from the SAS/MATRIX to SAS/IML
language and the necessary changes were made to do the
various estimations.

The practical problem of estimating the models with a
large number of parameters and likelihood function
specified by the researcher is solved using the programme.
The data handling and estimation of this kind of model
using micro computers is painstakingly slow. Mainframe
computers can speed the computation, but the estimation of
user specified models using standard statistical packages
may be difficult or even impossible. Writing programmes

using low-level languages like Fortran and using libraries
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of subroutines may be tedious, because programming every
detail is time consuming and the subroutines may not allow
for changes by the user. Especially this work is motivated
by the estimation and test development of duration models,
where the low-level programmes may be very long as can be
seen in Kalbfleisch and Prentice (1980) or Lee (1980). In
that area there is clearly a need for a flexible and
powerful high-level programme which allows the user to
specify the likelihood function and which provides an
environment for the development of specification tests.

The version of the programme presented in this Appendix
estimates the unknown parameters of a Weibull model
allowing for gamma heterogeneity. It reads an ASCII data
file including the duration t, indicator for complete
spells ¢ and matrix of explanatory variables x and saves it
to a SAS data set. The user can control the programme using
a set of requirements for the iteration and solution at the
beginning of the SAS/IML programme. The set of explanatory
variables can be changed using an indicator. The limits for
the maximum number of iterations and linear search can be
given as well as the criteria for the convergence. The
requirement of the precision of solution can be controlled
by the user using the accuracy requirements and the
proportion of the step length.

The estimates of structural parameters of a Weibull
model can be used as starting values for those parameters
of the corresponding model with gamma heterogeneity and the
starting value for ©° can be randomly allocated. A
safeguard against the possibility of convergence to a local
maximum that is not a global maximum is to choose several
initial values of the parameters. If the iterations do not
converge to the same solution, the shape of the log
likelihood function should be investigated with care until
the global maximum is located.

During the iterations the iteration monitor prints the
number of iteration, values of the likelihood function,
parameters and gradients. In the case of a linear search
the number of the searches, the value of the likelihood
function, the step adjustment and the parameters are

provided. It 1is suggested, however, to use the options to
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suppress the printings of the iteration monitor and linear

search during the iterations if they are not needed. If the

accuracy requirement is achieved, the programme prints to a

listing file including, for instance, the starting values
of the parameters, the log likelihood function, the
parameter values and their standard errors at solution and
the number of iterations. More printings can be easily
added.

There are two links, which are written at the end of

the programme, but which are called and executed during the

iterations. The likelihood function can be changed by the
user. It is written in LINK LIKEF. The algorithm requires
the evaluation of first partial derivatives of the log
likelihood function with respect to the parameters to be
estimated. They are written in LINK LIKED. The Berndt,
Hall, Hall and Hausman (BHHH) (1974) algorithm is used to
estimate the unknown parameters, but it can be easily

replaced by another algorithm.

The Algorithm

The convergence of the BHHH algorithm is guaranteed by the
theory unlike the method of scoring and some other
statistical maximisation procedures. The ideal is to reach

the values of parameters ¢ = (0%, o, B) such that the

gradient L, = 0. The likelihood equations to be solved in a

case of the Weibull model allowing for gamma heterogeneity

can be written

(45) L, =2 [c(l/o + logt) - (c + 1/0%) (N - 1)logt/N]
(46) ch = Y [logN/c* - (¢ + 1/0%) (N - 1)/0°N] = 0
(47) Lg = Y {[c - (c + 1/06%) (N - 1)/N]#x} = 0,

where N = 1 +-(52taexI3 and # indicates elementwise

multiplication.

0
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Iterations will move uphill along the likelihood
function. Each iteration consists of computing the log
likelihood function L(¢) and the gradient L,, which is used
to derive a direction of increase of L(¢). According to the
classical Gradient Theorem, which is proved, for instance,
in Jacoby, Kowalik and Pizzo (1972), any vector 4 with
L4d > 0 is a direction of increase of L(¢) in the sense
that L(¢ + Ad) is an increasing function of the step length
A for small enough values of A. The directions d can be
derived from the gradient by multiplying it by a positive
definite matrix Q. The convergence is speeded by a choice
of Q such that it is the inverse of the Hessian matrix of
second derivatives of L(¢). The use of the information
matrix identity - E(Ly) = E(L,)E(L,)’ avoids the need of
analytical or numerical calculation of second derivatives.
The updated estimates of parameters calculated during the

ith iteration can be written as
(48) q)i+1 - q)i + xiL"ir (L¢iL¢i’)-1°

If A is too large leading to a decreasing value of L(90),
the linear search subiteration is used. There are plenty of
methods of linear search, as noted by Quandt (1986). As a
simple method to avoid computation during the iterations,
it is suggested that the step length A is halved as many
times as needed to find an increasing value of L(¢) and
then new values of ¢'*! are calculated.

There are many criteria for the stopping rule of
iterations [see e.g. Quandt (1986)]. In the neighbourhood
of a maximum the algorithm takes small steps in the sense
that |L(¢)¥*' - L(¢)!| is small. The ideal of reaching
values of ¢ such that L, = 0 is not attainable in practice.
In the neighbourhood of a maximum (X L,*)'? is likely to be
small. Both of these conditions are used as stopping

criteria.
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A SAS/IML programme for estimating a Weibull duration model

allowing for gamma heterogeneity

*A SAS/IML PROGRAMME FOR ESTIMATING A WEIBULL DURATION MODEL
ALLOWING FOR GAMMA HETEROGENEITY IN THE VMS OPERATING SYSTEM;
OPTIONS LS=80 PS=500;
LIBNAME SASLIBR ‘' [JKETTUNEN.SASFILES]';
FILENAME RAWDATA ’'GL.DAT’;
DATA SASLIBR.ADATA;
INFILE RAWDATA;
INPUT T 1-7 .3 C 9 CONST 11 KIDS 13 MARRIED 15 SEX 17 AGE 19-20
EDU 22 UEDU 24 MEMBER 26 CAMEl 28 CAME2 30 REGDEM 32-35 .3
PROFDEM 37-40 .3 ASSETS 42-46 .4 BENEFITS 48-54 .6;

PROC IML;

START;

*POS OF T DATA; TND1=1;

*POS OF C DATA; IND2=2;

*POS OF X DATA; IND3={3 4 56 7 8 9 10 11 12 13 14 15 16};
*LINE SEARCH LIMIT; LLS =100;

*ITERATION LIMIT; LIT =300;

*ACCY REL FUN; ACC1=0.001;

*ACCY GRAD; ACC2=0.01;

*STEP ADJUSTMNT; LAMDA=1.0;

*SUPPRESS LINE SRCH; SUPRESLS=1;
*SUPPRESS ITERATION; SUPRESIT=1;
*2ND DERIV STEP; DIFR=0.0000001;
*START POINT; B=(1.201 1.045
-1.157 -0.002 0.135 -0.066
-0.057 0.035 0.321 0.364
0.375 -0.892 0.353 -0.098
0.822 -2.243};
PRINT ‘MAXIMUM LIKELIHOOD ESTIMATION: BHHH MODIFIED NEWTON RAPHSON
METHOD' ;
USE SASLIBR.ADATA;
READ ALL INTO A;
T=A(|,IND1|); C=A(|,IND2]|); X=A([|,IND3|);
NAMES1={’SEARCH NO’ ’ OLD L’ '‘NEW L’ ‘LAMDA’};
NAMES2=(‘OLD B’ 'NEW B'};
NAMES3={'ITER NO’ L};
NAMES4={ PARAMETR GRADIENT)};
NAMESS={PARAMETR ‘S.ERROR’ ‘T STAT'’ GRADIENT);
NAMES9={ACC1l ACC2 LAMDA ‘NO OBS’ ‘NO PARS’};
NAMES13={T C CONST KIDS MARRIED SEX AGE EDU UEDU
MEMBER CAME1l CAME2 REGDEM PROFDEM ASSETS BENEFITS);
FREE ADATA A;
OBS=NROW (T) ;
PAR=NCOL (X) ;
PAR2=PAR+2;
LOGT=LOG (T) ;
NAMEB1l='SHAPE’; NAMEBD='SIGMA’;
VARNAME=NAMEB1 | | NAMEBD | I[NAMES13 (|1, IND3|) ;
PRINT ‘ACCURACY REQUIREMENT:STEP LENGTH PROPORTION:NO OF OBS &
PARAMETERS’ ;
PRINTI **********************************************************ll.
PRT=ACC1| |ACC2| |LAMDA| |OBS| | PAR2;
PRINT PRT (| COLNAME=NAMESY9 |);
FREE PRT;
PRINT 'DEFAULT START POINT PROVIDED';
pRINT l****************************I,.
PRINT B;
J1=J(0OBS,1,1) ;
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NIT:l;‘
BOLD=B;
LINK LIKEF;
LOLD=LL;
MAR4: LOLD=LL; BOLD=B;
LINK LIKED;
IF SUPRESIT=0 THEN DO;
LOGLIK =NIT| |LL;
PARAMS =B’ | |DL;
IF NIT=1 THEN DO;

Pkkkkkkhkkkkhhhhhhsr .
PRINT ;

PRINT ‘ITERATION MONITOR';
PRINT l*****************l;
END;
PRINT LOGLIK (| COLNAME=NAMES3 |);
PRINT PARAMS (| COLNAME=NAMES4 |)
FREE LOGLIK PARAMS;
END;
NLS=1;
FAC=DL'*INV(CL) ;
MAR3: B=BOLD-LAMDA#FAC;
IF NLS>1 & SUPRESLS=0 THEN DO;
NLS1=NLS-1;
IF NLS=2 THEN DO;
PRINT '‘LINE SEARCH SUBITERATION' ;
PRINT l************************I,.
END;
LOGLIK =NLS1| |LOLD]| |LL| | LAMDA;
PARAMS =BOLD//B;
PRINT LOGLIK (| COLNAME=NAMES1 |);
PRINT ’'PARAMETER VALUES';
PRINT PARAMS (| ROWNAME=NAMES2 |);
FREE LOGLIK PARAMS ;
END;
LINK LIKEF;
IF LL > LOLD THEN GOTO MAR1;
NLS=NLS+1;
IF NLS < LLS THEN GOTO MAR2;

Fkkkkkhkkhkhkkkkkhkkhkkkkhkhhhkr
PRINT ;

PRINT ’'*SORRY - LINE SEARCH FAILURE*’;
PRINT I*****************************II.
PRINT BOLD B DL CL FAC LOLD LL NLS NIT;
GOTO MAR7;

MAR2: LAMDA=LAMDA/2;
GOTO MAR3;

MAR1: NIT=NIT+1;
IF ABS((LL-LOLD) /LOLD) < ACCl*LAMDA & SQRT (DL (|##,1))

<= ACC2 THEN GOTO LEN;

IF NIT>LIT THEN GOTO MARS5;
GOTO MAR4;

s Pkkkkkhhhk kA kA AR ARA KR KR AR KK 7 ,
MARS: PRINT ;

PRINT ‘*ITERATION LIMIT EXCEEDED*';
PRINT l**************************l’,
PRINT BOLD B DL CL FAC LOLD LL NLS NIT;
GOTO MAR7;

. Ihkkhkkhkkhhhhhhhhhhhhhhhhhhhhhrhhhhhhh ok h ko hhhr,
LEN: PRINT ;

PRINT ' *CONGRATULATIONS ACCURACY REQUIREMENT ACHIEVED*’;

PRINT ‘ hkkkkokokokkkkkkhkkkokkkkhhhhhhhhhhdkdkkkdkkkkkkhh ko hh/ .
MAR7: LINK LIKED;

PRINT ‘LOG LIKELIHOOD FUNCTION AT SOLUTION';

PRINT  *kkkokokokokkhkkkkokkkokkkkkk ok hhkhkkkkkkr

PRINT LL;

VAR=INV (-CL) ;

SERR=SQRT (VECDIAG (VAR) ) ;

TSTAT=B’ /SERR;

~e
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SOLN =B’| |SERR| |TSTAT| |DL;
PRINT ‘'PARAMETER VALUES AT SOLUTION';

Pkkkkkkhhhhhhkhhhhhhkhhhhhhhdhhk /
PRINT i

PRINT SOLN (| COLNAME=NAMESS5 ROWNAME=VARNAME |) ;
FREE SOLN;
XBETA=X*B2';
MEANXB= XBETA(|+,|)/OBS; PRINT MEANXB;
*THE FILE FOR THE GRAPHICAL EXAMINATION OF RESIDUALS;
CENSOR=1-C; KL=T| |CENSOR]| |IH;
GRAFCOLS={T CENSOR IH};
CREATE SASLIBR.KL FROM KL (| COLNAME=GRAFCOLS |) ;
APPEND FROM KL;
CLOSE SASLIBR.KL;
*THE FILE FOR THE IM-TEST;

BOLD=B;

VOLD=V;

B=BOLD; B(Il1,11)=BOLD(|1,11)+DIFR; LINK LIKEF; LINK LIKED;
IND=VOLD{I11,1) "#VOLD(|1, 1) -(VOLD(I1, |)*—V(I11,1) ) /DIFR;

B=BOLD; B(11,31)=BOLD(|1,3])+DIFR; LINK LIKEF; LINK LIKED;

IND=IND| | (VOLD(13, 1) #VOLD(13, 1)} *-{VOLD{ 13, | ¥ *-¥{(I13,1)7?) /DIFR) ;
B=BOLD; B(l1,16])=BOLD(11,16])+DIFR; LINK LIKEF; LINK LIKED;
IND=IND| | (VOLD(|16, 1) '#VOLD(|16, |)'-(VOLD(|16,1)*-V(I]16,|) ") /DIFR);

STF=J1| |VOLD'’ | | IND;

OLSCOLS={ONE FA FSIGMA FCONST FKIDS FMARRIED FSEXO01l
FAGE FEDU38 FUEDUO1l FMEMBERO FCAMEl FCAME2
FREGDEM FPROFDEM FASSU FRUN INDA INDC INDR};

CREATE SASLIBR.L FROM STF (| COLNAME=OLSCOLS |);

APPEND FROM STF;

CLOSE SASLIBR.L;

STOP;

LIKEF: *THE LIKELIHOOD FUNCTION;
Bl=B([1,11); BD=B(11,21); B2=B(11,3:PRR21);
M=X*B2?;
N=1+BD# (T##B1l) #EXP (M) ;
H=B1l# (T##(B1-1) ) #EXP (M) /N;
TH=1/BD#LOG (N) ;
L=C#LOG(H) -IH;
LL=L(l+,1);

RETURN;

LIKED: *THE FIRST DERIVATIVES;
V1=C# (1/B1+LOGT)-(C+1/BD)# (N-1) /N#LOGT;
Vv2=1/BD/BD#LOG (N) - (C+1/BD) # (N-1) /N/BD;
V3=(C-(C+1/BD) #(N-1) /N) #X;
V=YL S N2 N3,
DL=V(|,+1);
CL=-V*V';

RETURN;

FINISH;

RUN;
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Abstract

This chapter presents methods of estimating the effects of
time-dependent covariates 1n parametric duration models.
Using Finnish microeconomic data it 1is shown that
unemployment insurance benefits have a negative effect on
the probability of becoming employed during the first few
months, but later on the effect vanishes. One reason 1s
that in the Finnish system persons who are eligible for the
benefits have a risk of losing them after the first three
months. Another reason 1s that the earnings-related
unemployment allowances décrease 20 per cent after the
first 100 days unemployment. These results remalin after
correcting for omitted variables assuming gamma and mass

polint heterogeneity across unemployed persons.

1. Introduction

In this chapter the effects of unemployment insurance on
spells of unemployment are examined. The circumstances of
unemployed persons do not usually stay constant over the
duration of unemployment. The purpose of this study is to
estimate the time-dependent effects of time-dependent
benefits on the re-employment probability during the
unemployment duration. A technique for estimating these
effects 1s presented using a Weibull model and Finnish

microeconomic data.
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Duration models based on the proportional hazards (PH)
assumption imply constant effects of explanatory variables
over time. A score test for testing the PH assumption is
presented and a method for estimating the time-dependent
coefficients in a Weibull model is developed. Often it may
be preferable to avoid estimating an alternative
nonproportional hazards model and therefore the focus is on
a score test. A computationally convenient form of the test
statistic and the appropriate connection with the pseudo-
regression based on ordinary least squares 1s presented.

It is inevitable that econometric models do not include
all the necessary explanatory variables either because they
are unmeasurable or because their importance is
unsuspected. Neglected heterogeneity may bias the parameter
estimates towards zero. To correct for unobservable
variables gamma and mass point heterogeneity across
individuals is introduced into the model.

The chapter is.organized as follows. Section 2
introduces the parametric duration models and time-
dependent effects. Furthermore, it provides a score test
for the time-dependent effects. Section 3 analyzes the
effects of omitted variables and introduces gamma and mass
point heterogeneity into the model. The results of the
estimations are presented in section 4 and section 5

concludes the study.
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2 Time-Dependent Effects of UI Benefits

2.1. Time-Dependent Effects

In the Finnish UI system the circumstances of an unemployed
person are different during the first three months of
unemployment than later. If no suitable jobs are found in
the unemployed person’s area of residence within the first
three unemployment months, the person does not have to
accept an offer outside his area of residence. Also during
the first months the unemployed person does not have to
accept an offer if the job is not suitable for him with
respect to his education or previous work experience. This
rule concerns persons with education and at least one year
of job experience or alternatively persons without proper
education and at least two years experience in their jobs.
A person who after being unemployed for three months does
not accept an offer may lose his benefits. If the effect of
the time-dependent change is handled in a flexible manner,
it should account for the higher hazard just after the
first three months. This is allowed for letting the
unemployment benefits and their parameters vary over
time."

Severance pay may have some effects on the re-
employment probability. It is paid by the fund for
severance pay to the persons who have been dismissed
because of reasons which are related to the decline in the
production or the demand for the products of the firm. The
severance pay 1s financed by employers within the context

of the payment of unemployment insurance. One of the
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prerequisites 1s also that the recipients of the severance
pay must be at least 40 years old and they must have a
sufficient amount of experience in their work. The
severance pay consists of two parts. The A-part of the
severance pay can be paid to any of the persons who fulfil
the above mentioned requirements. In 1985 - 1986 the B-part
of the severance pay could be paid to the persons who had
difficulties in finding acceptable jobs and who had been
unemployed three months.

There were 1036 persons (that is about 50 per cent) in
the data who were unemployed at least three months. There
is no data on how many of these received severance pay, but
1t can be estimated using aggregate data that about 5-7 per
cent of them were eligible to the B-part of the pay. If
these persons really have problems in finding acceptable
jobs, as 1is supposed by the rules of the system, they
contribute to the likelihood function as censored
observations providing relatively small amount of
information. Therefore the system of severance pay may
probably have a slight positive effect on the hazard
function. As a whole the total effect is most likely small
compared to the effects of the UI system, because rather
few persons are eligible for the severance pay.

The time trended variables may be replaced with their
within spell average or using beginning-of-spell values
[Heckman and Singer (1984)]. Usually in parametric models
the variation in the explanatory variables across
observations is used to take into account the time-
dependent effects. The problem with these kinds of models

is that the over time variation of the covariates may be
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absorbed by the baseline specification. Prentice and
Gloeckler (1978) specify a semi-parametric model and use
the variation in the mean of the covariates, i.e. the
variation in the covariates across observations, to
estimate the baseline hazard and structural parameters. No
assumptions are made about the baseline hazard. In that
sense the Prentice and Gloeckler approach is similar to
Cox'’s partial likelihood technique [Cox (1972, 1975)].
Their method has been proposed also by Han and Hausman
(1986) and used by Moffitt (1985). Recently Meyer (1990)
divided the duration of the unemployment into intervals of
one week and extended the Prentice and Gloecklér model by
using time-dependent covariates.

A commonly applied specification is the proportional
hazards model, where the hazard function h(t) = hy(t)h,(x)
factors into the product of a function of duration t, the
baseline hazard, and function of the explanatory variables
x. The PH model assumes that the effect of an explanatory
variable is constant during the duration of the
unemployment. An alternative is to assume that the effect
varies with the duration, remaining constant within
predefined intervals. Such an alternative may be relevant
in long-term studies, and in cases where the environment of
an individual changes starting at a known point in time it
may even be the more natural model to apply.

Many studies have shown that plotting the hazard
function by duration indicates spikes around the moment of
benefit exhaustion [see Marston (1975), Moffitt (1985), Ham
and Rea (1987) and Katz and Meyer (1990)]. One may expect

similar kind of spikes when the risk period of benefits
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starts and when the benefits are reduced. This issue 1is
also discussed in a survey by Atkinson and Micklewright
(1991), who expect that the effect of benefits have the
least effect in the countries where the administration of
the unemployment compensation is very tight. Follman et al.
(1990) specify their model such that at the moment of
benefit exhaustion the effect of explanatory variables may
change. However, they do not allow for unobserved
heterogeneity, whereas in our study a discrete mixing
distribution is used. It allows for a non-monotonous
flexible baseline hazard, which can to some extent reflect
the effect of spikes.

Consider g intervals of duration (t,, t4],...,(tq1, ty)
with t, = 0 and t, = .. The hazard function of the Weibull

model with time-dependent effects can be written

(1) n(e) = ae® LeXBH) ror b <k <ty §e1,...,q,

where B = (B, ... B,) and 1 = (Hy5 ... Hy5) are l+g vectors
of p parameters. To avoid singularity it is defined that

UW; = 0, as j = 1. One reason for this kind of specification
of time-dependent effects is that the integrated hazard has
a closed-form expression. The integrated hazard is obtained
by integrating the hazard functions by intervals, which

leads to the expression

In the Weibull case, for instance, in the third interval, it
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would be I(t) - tlanB + (t2a_ tla) eX(B+“2)+ (ta _ tz(l) eX(B'*'u}) .

The likelihood contribution of an individual can be written

where ¢ 1s an indicator for a complete spell of
unemployment and d; is an indicator for the interval, 1i.e.
d; =1 1f t;, < t £ t; otherwise d; = 0.

The explanatory variables may be time-dependent as
well, i1.e. the time-dependent variables may take different
values in the intervals. In this study the interest
concerning the PH assumption is in a single time-dependent
explanatory variable, the benefit replacement ratio. Its
effect is tested in two intervals (t,, t;] and (t,, t,],
where t, = 0, t, = 3 and t, = 24 months. The longest spells
of unemployment in the data are nearly two years. The
economic reason for estimating the change of the hazard
function is that after the first three months of
unemployment the rules of the UI system are different. ?
Thus, in our case x(B+W;) is written as xP + x5 (B.+H5),
where x,; 1s the benefit replacement ratio in the intervals
j = 1,2, B, is its parameter and M; is the additional
parameter in the interval j. The rest of the explanatory
variables x are constant over time.

The approach taken in this study has several
advantages. The method 1s more efficient than the earlier
models by Prentice and Gloeckler (1978) and Meyer (1990) in

the sense that the duration i1s continuous. It 1s not

partitioned into intervals. The loss of efficiency of the
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procedure suggested by Prentice and Gloeckler is due to
aggregating continuous data into grouped data (weekly,
monthly, etc.). However, the loss in efficiency is not
necessarily a serious problem with large data sets. The
parameter estimates may be sensitive with respect to how
the duration is classified into days or weeks. The approach
avoids inconsistent estimation of covariate coefficients
due to allowing for the time-dependent covariates and their
parameters to vary over time. Furthermore, unobserved
heterogeneity across observations will be taken into
accounk .

Another approach is to allow the shape parameter of the
Weibull model to vary in the predefined intervals. This
line of argument was pursued in Kettunen (1989). The more
flexible specification of the shape of the hazard function
leads to a steeper decreasing hazard, but there are not any
notable changes in a Weibull model with gamma

heterogeneity. ¥

2.2. Testing the Proportional Hazards Assumption

In this section a score test for the PH assumption is
presentéd. Specification tests are particularly important
for many econometric models estimated by maximum
likelihood, such as parametric duration models, where few
diagnostic tests are currently available. A chi-squared
test for the PH assumption based on the difference between
the number of failure times observed and its expected wvalue

in each category from a given partition of the time axis is
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suggested by Schoenfeld (1980). A Wald type of test for the
PH assumption in a two-step regression model has been
suggested by Anderson and Senthilselvan (1982). Moreau,
O’Quigley and Mesbach (1985) presented a score test for
checking the assumption. The test was extended by O’Quigley
and Pessione (1989). All the tests have been developed in
the context of Cox’s model and they are not directly
applicable to parametric duration models.

The alternative nonproportional hazards model of this
study assumes that the effect of a duration-dependent
covariate varies as a step function. However, this model
may be awkward to estimate. Therefore it may seem
preferable at first to avoid such an estimation and develop

a score test. The null hypothesis for the PH model 1is

Ho: My = B3 = ... = 4 = 0, which leads to the hazard
function
(4) h(t) = ata—leXB+XﬁBf, for t;.q < £t £ £y, J=l;.4.,9.

At any time t the hazard function depends on the duration-
dependent value of the replacement ratio x..
The score test is based on the statistic

g

i = n”“ﬁﬂt, where Ly = JdL/dl; is evaluated under the

]
null hypothesis. In the Weibull case it becomes

VO[ t S t]-l

(5) g = Y e-T{t] [1-1{k;/E)%] 324, tjq < £t £ty

~

ln1/2¢ =T{t) [(B: /€)%= (b0 /t) %1 I, £y =< L,

which have been written using the generalized residuals
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Tk} = tanB+X“Bf, i.e. the integrated hazard of the fitted
Weibull model. The definitions of the residuals are found
in Cox and Snell (1968).

The information matrix - E[d’L/d¢a¢’], ¢ = (u, o, B),

can be consistently estimated by

» L Ly
(6) I ==-0n g
Ly Ly
where Yy = (o, PB). It can be inverted using the method

outlined by Theil (1983, p. 13). The top left-hand block of
the inverse of the information matrix is of relevance
towards calculating the test statistic. It can be written
_.1 L

(7) V = - nl(L, - L

pp L

")
py Cyy o Py /e

Under the null hypothesis ; is asymptotically N1, (0, V).
The asymptotic nﬁll distribution of the score test is not
affected if the required estimates of V are evaluated using
any estimator, which is consistent under H,. The matrix V
can be expressed consistently as the outer product form of

the information matrix identity
o =1 ’ - ; 7 -1 7
(8) V = n'(L,'L, - L,'Ly(Ly,'Ly) 'Ly'L,),

which is a convenient form, because it requires neither an

expression for the Hessian of the log likelihood function
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nor analytic evaluation of the information matrix. The

score test statistic i1g then of the form

The statistic is based upon the result that the quadratic
form S$'V'!S manifests an asymptotic chi-squared
distribution when the null hypothesis is true. The test
statistic can then be calculated as nR? from a pseudo-
regression based on ordinary least squares, where a vector
of ones 1is regressed on L,, L, and Lg. The procedure based
on the pseudo-regressions is described by Chesher (1983)

and Lancaster (1984).
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3. Mixing Distributions

The first approach in this section combines the correction
for omitted variables based on gamma mixing distribution
and a parametric duration model with time-dependent
covariates. If unobserved characteristics are not
adequately captured by explanatory variables, this may lead
to biases in parameter estimates. It is known that the bias
1s towards zero [see Lancaster (1979), Lancaster and
Nickell (1989)]. Therefore, the parameters of the model may
be expected to increase in absolute value when omitted
variables are taken into account.

The hazard function of a Weibull model allowing for
time-dependent effects and gamma heterogeneity can be

written as

(10) ho(t) = ae® TeXBris) 11 | gog(p)pd

and the corresponding integrated hazard can be written as
(11) I,(t) = 1/0%log[l + ©*I(t)],

where I(t) is the integrated hazard of the original model
(2). In our case xP + x.(B.+W;) is substituted for x(B+u;),
because we are interested in the time-dependent effects of
a single time-dependent variable.

The second approach in this section combines the
correction for omitted variables based on the mass point

approach and the parametric duration model with time-
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dependent covariates. Meyer (1990) found the computation of
the discrete mixing distribution difficult. In this context
the computation can be carried out. In the case of
parametric duration models the mixing likelihood for an

individual can be written as

where h;(t) = ata—leui+X(B+uj) and I;(t) = taeui+X<B+uj> —

the hazard function and integrated hazard for the group i
in the Weibull case. In a model with one time-dependent
explanatory variable xB + x.(B.+H;) is substituted for

x (B+uy) .
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4. The Results

Data on 2077 Finnish unemployed persons were used in
estimating the models. The results are presented in Table
1. The first model is the basic Weibull model with the

hazard function h(t) = ata—leXB+X*Bﬁ

where an average
replacement ratio over the unemployment period is used. A
Weibull model with a hazard function h(t) = ata—leXB+X”Bf.
including the time-dependent replacement ratios is
estimated in the two intervals, (t,, t;] and (t,, t,], where
tpb, = 0, t;, = 3 and t, = 24 months. The second column of
Table 1 presents this model. The negative effect of the
replacement ratio B, decreases substantially when time-
dependent replacement ratios are introduced into the model.

A score test for the PH assumption is made. The test
statistics calculated under H, takes a value of 8.84, which
exceeds the critical value %% o5 = 3.84. The conclusion is
that the PH assumption is rejected for the replacement
ratio. The test suggests estimating a model with time-
dependent parameters.

A model with the hazard h(t) = ata-lexB+X“(Br+uﬂ
including the time-dependent replacement ratios and their
time-dependent effects is in the third column. The
parameter estimate P, takes a value -0.894, and after the
first three months the additional parameter estimate W,
takes a positive value 0.871. Unemployed persons who are
eligible for benefits face a risk of losing benefits after

the first three months. The risk increases the re-

employment probability and it is captured by the
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parameter H,.

The PH assumption is not valid either after allowing
for gamma heterogeneity in the fourth model, since the
corresponding parameter estimates take the values
-1.506 and 1.475. It is interesting to note that Nickell
(1979) using data from the U.K. and a different kind of
model found similar effects of UI benefits. In both of the
studies the effect is first negative and statistically

significant but later on the effect vanishes.
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Table 1. Time-dependent effects of UI benefits allowing

for gamma heterogeneity

(1) (2) (3) (4)
Std.errors in parentheses

Shape parameter 0.861 0.853 0.822 1.096
(0.020) (0.021) (0.022) (0.054)

Variance of heterogeneity 0.955
(0.161)

Constant -1.478 -1.576 -1.454 -1.183
(0.136) (0.137) (0.139) (0.207)

Number of children -0.004 -0.088 -0.082 -0.134
(0.050) (0.050) (0.049) (0.074)

Married 0.170 0.207 0.203 0.198
(0.065) (0.066) (0 .065) (0.099)

Sex -0.007 -0.040 -0.041 -0.074
(0.056) (0.057) (0.057) (0.088)

Age -0.042 -0.044 -0.044 -0.060
(0.003) (0.003) (0.003) (0.005)

Level of education 0.064 0.053 0.066 0.029
(0.058) (0.059) (0.059) (0.093)

Training for employment 0.176 0.187 0.181 0.331
(0.072) (0.074) (0.073) (0.116)

Member of UI fund 0,213 0,243 0237 0.356
(0.060) (0.062) (0.061) (0.093)

Came from schooling 0.291 0.299 0.291 0.380
(0.078) (0.079) (0.078) (0.128)

Came from housework -0.711 -0.716 -0.731 -0.895
(0.124) (0.125) (0.124) (0.171)

Regional demand 0.168 0.308 0.271 0.487
(0.238) (0.240) (0.240) (0.330)

Occupational demand 0.641 0.743 0715 0.457
(0.600) (0.609) (0.602) (0.943)

Taxable assets 1.021 1.99% 1.224 1.223
(1.080) (1.102) (1.073) (1.393)

Replacement ratio, B, -1.223 -0.376 -0.894 -1.506
(0.150) (0.120) (0.191) (0.264)

Replacement ratio, WU, 0.871 1.475

(0.208) (0.267)

Log likelihood -4962.5 -4993.4 -4985.4 -4950.4
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The results of estimations of mass point models are
presented in Table 2. The model with two mass points
produces approximately constant hazard functions for the
two groups which are not controlled for explanatory
variables. The models with three or four mass points
produce increasing hazard functions. The absolute values of
statistically significant parameter estimates increase in
most cases when more mass points are introduced into the
model, as 1s to be expected. Lindsay’s (1983) criterion was
used to determine the number of mass points. It turns out
that four mass points are enough to rectify the effect of
omitted variables using this specification and data set. It
can be concluded that allowing for time-dependent
replacement ratios reduces the unobserved heterogeneity,
since five points of support were needed to correct for
unobserved heterogeneity in the models with the average
replacement ratios (cf. Chapter 1IV).

The parameter estimates of the explanatory variables
differ only slightly from the estimates of the model with
average replacement ratios over the duration of
unemployment . The effects of children and marriage,
however, became statistically significant. Unemployed
persons who have children or persons who are not married
have lower re-employment probabilities.

In the final model with four mass points the parameter
estimate of the replacement ratio takes a value of -1.890
and the additional parameter W, due to the risk of losing

benefits takes a value of 1.752. The negative effect of the
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replacement ratio vanishes after the first three months and
the PH assumption is not wvalid.

Separate models were estimated for the non-members and
members of the labour unions, because the rules of the
system are not similar in these groups. A model with two
intervals was estimated for the non-members. The parameter
L, captures the effect of increased risk of losing
benefits. The estimation of the mass point models for the
non-members of labour unions was problematic. The problems
arose when estimating the model with two or more mass
points. During the iterations the estimate for the
parameter u, approached a large negative value of -32.3
leading to a non-singular Hessian matrix even with the
double precision of the programme. Therefore the method
failed in obtaining the maximum likelihood estimates,
though the solution was almost reached.

A large value of u, means that in the sample there is a
group which has virtually a zero probability of becoming
employed. There is clearly a serious technical problem. It
was solved by modifying the likelihood function. The new
estimator is based on the assumption that there is indeed a
group in the data consisting of the persons who will not
become employed. The hazard function of these persons is
equal to zero and the survivor function is equal to one.
The share of these problematic persons in the sample is p,,
which remains to be estimated. The mixing likelihood

contribution can then be written as
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Complete spells do not contribute to the likelihood
function via the last term of the likelihood contribution.
With censored values the contribution comes with
probability p, through the survivor function, which is set
equal to one. The method was used successfully. One point
worth noting is that the solution of this model is not far
from the parameter estimates of the model, which was near
the convergence. This is an indication that the result is
reasonable.

The results of the estimations of the models for the
non-members are presented in Table 3. Three points of
support of the discrete mixing distribution were needed to
rectify the effect of omitted variables. The results
indicate that among the non-members there are about 11 per
cent of the individuals who would never become employed.
After the first three months there is a positive shift in
the effect of the replacement ratio. The total effect of
the replacement ratio remains statistically significantly
negative, however, during the risky period of losing
benefits.

A more detailed analysis is to divide the duration of
unemployment into three intervals (t,, t,], (t,, t,] and (t,,
t,), where t, = 0, t;, = 3, t, = 4.6 and t; = 24 months. This
model is reasonable for the members of labour unions. The
parameter WU, captures the effect of the risk period and W,
captures both the effect of risk and the reductions of
benefits. In addition the severance pay may affect both of
these parameters and the rules of the employment office may
affect the estimate of H,. One might argue that in order to

get robust estimates the second interval from 3 to 4.6
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months (100 days of unemployment) might be too short for
the investigation of the rules regarding labour mobility
using parametric models of unemployment duration. For
example, Korpi (1991) has estimated the effects of benefit
indicators only in two intervals. With short intervals the
parameter estimates may not be reliable if there are not
enough observations in each of the intervals. However,
since there are 81 complete spells in the second interval,
such a model was estimated.

The results of the estimations for the members of
labour unions are presented in Table 4. It turns out that
the replacement ratio has a small negative effect on the
re-employment probability during the first three months.
The negative effect is different from zero at the 9 per
cent significance level. The negative effect of the
replacement ratio is clearly higher for the non-members
than for the members of labour unions. In the second risky
period the effects wvanishes. In the third interval the
positive shift is larger. A similar jump of the hazard
function was not observed for the non-members. Simple tests
of the significénce of the parameter estimates show that
the effects of the replacement ratios of benefits do not
statistically differ from zero in the second and third
intervals. During an interval at any point in time the
hazards of any two persons are proportional to each other.
The result means that after the reduction of benefits the
person with higher benefits has a higher probability of
becoming employed. This result supports the search

theoretical result presented by Usategui (1988) that the
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proportional decrease of benefits has a larger incentive
effect for the person having higher benefits.
Even though the hazard functions of the groups are
monotonously increasing in the final model the sample
hazard is not necessarily monotonous. The sample hazard is

defined as follows

Figure 1 illustrates the sample hazard functions for an
average person receiving benefits in the sample. It can be
seen that the hazard functions are rather flexible. The
first hazard function is plotted using the model with two
intervals for the whole sample. The second hazard is the
corresponding model for the non-members of labour unions.
It can be seen that the hazard functions make prominent
jumps after the first three months bf unemployment, since
the eligibility of benefits becomes stricter. For the non-
members of labour unions there seems to be difficulties in
obtaining acceptable job offers during the first few weeks
of unemployment. The third hazard function is plotted for
the members of labour unions and it is based on the
estimation of the effects of replacement ratios in three
intervals. There exist jumps in the hazard function after
the first three months and the hundredth day of
unemployment . Another feature which should be pointed out
1s that the hazard function of the long-term unemployed
members of the labour unions is higher than the

corresponding function of the non-members.
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Table 2. Time-dependent effects of UI benefits and mass

point heterogeneity

Number of mass points
m:2 m:3 m=4
Std.errors 1n parentheses

Shape parameter 0.987 1.194 1.288
(0.040) (0.064) (0.091)

Number of children -0.109 -0.175 -0.184
(0.065) (0.079) (0.089)

Married 0.201 0.216 0.199
(0.087) (0.103) (0.115)

Sex -0.060 -0.088 0.085
(0.077) (0.092) (0.104)

Age -0.055 -0.063 -0.069
(0.004) (0.006) (0.007)

Level of education 0.029 0.066 0.040
(0.080) (0.098) (0.109)

Training for employment 0.331 0.240 0.296
(0 102) (0.118) (8.1352)

Member of UI fund 0.3323 0.368 0.411
(0.083) (0.097) (0.110)

Came from schooling 0.341 0.408 0.441
(0.110) (0.131) (0.148)

Came from housework -0.819 -1.011 -1.114
(0.153) (0.187) (0.206)

Regional demand 0.440 0.420 0.489
(0.297) (0.350) (0.388)

Occupational demand 0.609 0.451 0.512
(0.826) (0.980) (1.106)

Taxable assets 0.881 2.087 1.369
(1.255) (1.594) (1.621)

Replacement ratio, B, -1.276 -1.741  -1.890
(0.229) (0.303) (0.345)

Replacement ratio, W, 1.302 1.644 1,752
(0.244) (0.297) (0.327)

u, -0.980 -0.004 0.459
(0.193) (0.247) (0.366)

T -2.738 -2.103 -1.360
(0.238) (0.259) (0.478)

5 -4.865 -2.792
(0.816) (0.489)

s =T ud it
(7.803)

o)) 0.648 0.272 0.187
(0.060) (0.014) (0.009)

jo P 0.352 0.617 0.345
(0.060) (0.023) (0.052)

jo 0.112 0.399
(0.037) (0.016)

P4 0.069

(0.027)
Log likelihood -4956.5 -4945.9 -4943.¢6
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Table 3. Time-dependent effects of the replacement ratios

of UI benefits for the non-members of labour

unions

Number of mass points
=1 =2 =3
Std.errors in
parentheses

Shape parameter
Number of children
Married

sSex

Age

Level of education
Training for employment
Came from schooling
Came from housework
Regional demand
Occupational demand
Taxable assets
Replacement ratio, B,

Replacement ratio, WU,

Log likelihood
Number of observations

0.847 0.993 1,373
(0.028) (0.041) (0.082)
-0.074 = 093 =0 . 167

(0.069) (0.077) (0.112)
0.089 0.008 0.012
(0.100) (0.113) (0.151)
-0.009 -0.067 -1 ., N85
(0.074) (0.087) (0.117)

-0 033 -0.042 - . 054
(0.005) (0.005) (0.008)
0.196 0.185 0.240
(0.075) (0.094) (0.129)

0.146 0.171 0.245
(0.108) (0.124) (0.168)
B 3403 0.248 0.404
(0.087) (0.106) {0.146)

-0.805 -0.924 =1 150
(0.178) (0.186) (0.242)
0.098 0.105 0.335
(0.318) (0.341) (0.457)
-0« 150 ~-1.660 ~ » 103
(0,936 (1.022) (1.296)

0.569 0.174 1.823
(2.403) (2.229) (2.889)
=1.523 -2 .083 -2.784
(0.257) (0.281) [0.403)

1.004 1.230 1.778
(0.295) (0.312) (0.404)

=1 .282 =1.155 -0.025
(0.192) (0.216) (0.329)
-2.076
(0.339)

0.888 0.286
(0.020) (0.01e6)
0.112 0.608
0.020) (0.007)
0.106
(0.023)
-2671.5 -2640.9 -2632.9
1212 1212 1212
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Table 4. Time-dependent effects of the replacement ratios

of UI benefits for the members of labour unions

Number of
mass points
m=1 m=2
Std.errors in
parentheses
Shape parameter 0.810 0.988
(0.033) (0.060)
Number of children -0.120 -0.126
(0.070) {0 .103)
Married 0.311 0.364
(0.091) (0.123)
Sex -0.054 -0.035
(0.091) (0.121)
Age -0.054 -0.068
(0.005) (0.007)
Level of education -0.159 -0.396
(0.103) (0.139)
Training for employment 0.184 0.329
(0.107) (0.149)
Came from schooling 0.2286 0.279
(0.187) (0.268)
Came from housework -0.587 =0.603
(0.176) (0.243)
Regional demand 0.483 0.841
(0.374) (0.489)
Occupational demand . 1.855
(0.829) [1.185)
Taxable assets 1.683 =3
(1.296) (1.590)
Replacement ratio, [, -0.293 -0.584
(0.286) (0.344)
Replacement ratio, W, 0.480 0.657
(0.323) (0.350)
Replacement ratio, U, 0.652 1.004
(0.304) {0.3585)
u, -0.987 -0.381
{0.233) {(0.342)
U -2.063
(0.392)
o} 0.612
(0.108)
D, 0.388
(0.108)
Log likelihood -2295.4 -2285.3

Number of observations 865 865




Figure 1. Sample hazard functions of Weibull mass point models
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5. Conclusions

In this chapter the effects of unemployment benefits on the
unemployment spells were examined. In the Finnish system
the circumstances of an unemployed person change starting
at a known point in time. After the first three months
unemployed persons are encouraged to move and change their
occupations to become employed. Furthermore the recipients
of the earnings-related unemployment allowances have a 20
per cent reduction in their benefits after the first 100
days of unemployment. In this study the effect of these
changes were estimated. The effects of unemployment
benefits were allowed to vary with the duration of
unemployment spell, remaining constant within predefined
intervals. A technique for estimating the time-dependent
effects of time-dependent explanatory variables on the re-
employment probability was presented.

Often it may be preferable to avoid estimating an
alternative nonproportional hazards model, because the
estimations of these kinds of models may not be
straightforward. Therefore the focus was at first on a
score test. Tests for the PH assumption have been studied
in the context of Cox’s model by many authors. In this
study a score test for the PH assumption was extended to
parametric duration models. The test shows that the effect
of benefits does not stay constant during the unemployment
spell.

If the average replacement ratio during the

unemployment spell is used, the effect of the replacement
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ratio on the re-employment probability is negative. The
microeconomic data collected from various registers
include, however, the time-dependent replacement ratios.
Alternative models with time-dependent effects of
unemployment benefits were estimated. The replacement ratio
has a negative effect on the re-employment probability
during the first three months, but after that period the
effect vanishes.

A more detailed analysis using separate models for the
non-members and members of labour unions show that after
the first three months there i1s a positive shift in the
parameter estimate and the effect wvanishes for the members
of labour unions, but for the non-members the negative
effect decreases appreciably. After the reductions of
earnings-related unemployment allowances the effect of the
replacement ratio for the members of labour unions turns
positive. It supports the search theoretical result that
the proportional decrease of benefits has a larger
incentive effect for the persons having higher benefits.

Even though the data are rich in explanatory variables
and more reliable than the data based on interviews, there
1s reason to assume that relevant variables have been
omitted from the model. The influence of omitted variables
was taken into account in estimation assuming that the
effects have a gamma and discrete mass point distribution.
When heterogeneity is introduced into the model, the
absolute values of parameter estimates increase, but the
correction for omitted variables does not eliminate the
result that the effect of UI benefits vanishes after the

first three months.
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Footnotes

1. The search theoretical model suggests a very slowly
increasing hazard function somewhat before the risky period
and reductions of benefits. The effect of the risky period
is higher for the recipients of the higher earnings-related
unemployment allowance. Furthermore the reductions are only
applied for these benefits. This effect comes through the
membership dummy. However, it is based on full information
on the rules of the UI system. If a person suddenly learns
that his benefits are reduced, the hazard jumps up (see
Kettunen, 1992a). Empirical evidence based on the baseline
hazard of semiparametric models gives support to the

limited information (see Kettunen, 1992b).

2. The elasticity of the hazard function with respect to
the replacement ratio is in a logarithmic form

dlog h(t)/dlog x, = x.B,. Since the unemployed person loses
the right to refuse a job offer, it is reasonable to let
the elasticity be x.(B.+l;) after these changes of the UI
system. A similar change may occur when the benefits are

reduced.

3. The likelihood contribution of a Weibull model with
time-dependent shape parameters in three intervals

(to, t;1, (t,, t,] and (t,, t,], where t,, t,, t, and t, are
0, 3, 12 and 24 months, can be written as

~-I.(t) d.
(£) e ) )] B

where the hazard functions in the intervals are

h,(t) = a,e% 1P
h,(£) = oyt %1 %% 1.xB
By (E] = altlal—aztzaz—agtaflexﬁ
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and the corresponding integrated hazards are

I (t) = t%eXP

L(E) = I,(t,) + (0y/0p)c,% %% _ ¢ %)XB

I,(t) = T,(t,) + (0n/0) 6,01 0 00 0 o Oy xB
Note that h;(t;) = hj,,(t;) and I;(t;) = I,,;(t;) so that the

hazard and integrated hazard are continuous. The model with
the time-dependent shape parameters was estimated. The
estimates of the structural parameters changed slightly.
Allowance for the time-dependent shape parameters of the
hazard did not lead to an increasing hazard function but
instead to a steeper decreasing function.

After allowing for gamma heterogeneity the hazard and
integrated hazard can be written as

hy, = hy(t) [1 + o®I,(t)] "

I, = 1/6% log[l + o®I,(t)] L.

With gamma heterogeneity the estimates of the structural
parameters and the variance of heterogeneity are very near
the corresponding model without allowance for time-
dependent shape. The shape of the hazard function after
allowing for the time-dependent shape parameters is rather

close to the shape of the basic Weibull model with gamma
heterogeneity.



184

References

Andersen, J.A. and Senthilselvan, A. (1982), A Two-Step
Regression Model for Hazard Functions, Applied Statistics
31, 44-51.

Atkinson, A.B. and Micklewright, J. (1991), Unemployment
Compensation and Labor Market Transitions: A Critical
Review, Journal of Economic Literature 29, 1679-1727.

Chesher, A. (1983), The Information Matrix Test, Simplified
Calculation via a Score Test Interpretation, Economic
Letters 13, 45-48.

Cox, D.R. (1972), Regression Models and Life-Tables,
Journal of the Royal Statistical Society, Series B, 34,
187-220.

Cox, D.R. (1975), Partial Likelihood, Biometrika 62,
269-276.

Cox, D.R. and Snell, E.J. (1968), A General Definition of
Residuals, Journal of the Royal Statistical Society,
Series B, 30, 248-275.

Follman, D.A., Goldberg, M.S. and May, L. (1990), Personal
Characteristics, Unemployment Insurance, and the
Duration of Unemployment, Journal of Econometrics 45,
451-366.

Ham, J.C. and Rea, S.A.Jr. (1987), Unemployment Insurance
and Male Unemployment Duration in Canada, Journal of
Labor EBconomics 5, 325-353.

Han, A. and Hausman, J.A. (1986), Semi-Parametric
Estimation of Duration and Competing Risk Models,
Working Paper, M.I.T.

Heckman, J.J. and Singer, B. (1984), Econometric Duration
Analysis, Journal of Econometrics 24, 63-132.

Katz, L.F. and Meyer, B.D. (1990), The Impact of the
Potential Duration of Unemployment Benefits on the
Duration of Unemployment, Journal of Public Economics
41, 45-72.

Kettunen, J. (1989), The Effects of Unemployment Insurance,
An Econometric Study Based on Search Theories,
Unpublished M.Phil. thesis, University of Bristol.



185

Kettunen, J. (1992a), A Search Theoretical Analysis of the
Finnish Unemployment Insurance System, Finnish Economic
Papers 5, 129-138.

Kettunen, J. (1992b), Time-Dependence in Semi-Parametric
Models of Unemployment Duration, The Research Institute
of the Finnish Economy, Discussion papers, No. 394.

Korpi, T. (1991), Labor Market Policies, Employment
Alternatives, and the Probability of Leaving Unemployment
in Sweden, Conference paper, EALE Third Annual
Conference.

Lancaster, T. (1979), Econometric Methods for the
Duration of Unemployment, Econometrica 47, 939-956.

Lancaster, T. (1984), The Covariance Matrix of the
Information Matrix Test, Econometrica 52, 1051-1053.

Lancaster, T. and Nickell, S. (1980), The Analysis of
Re-Employment Probabilities for the Unemployed,

Journal of the Royal Statistical Society, Series A,
143, 141-1865,

Lindsay, B.G. (1983), The Geometry of Mixture Likelihoods:
A General Theory, The Annals of Statistics 11, 86-94.
Marston, S.T. (1975), The Impact of Unemployment Insurance
on Job Search, Brookings Papers of Economic Activity,

13-48.

Meyer, B.D. (1990), Unemployment Insurance and
Unemployment Spells, Econometrica 58, 757-782.

Moffitt, R. (1985), Unemployment Insurance and the
Distribution of Unemployment Spells, Journal of
Econometrics 28, 85-101.

Moreau T., O‘Quigley, J. and Mesbah, M. (1985), A Global
Goodness-of-Fit Statistic for the Proportional Hazards
Model, Applied Statistics 34, 212-218.

Nickell, S. (1979), Estimating the Probability of
Leaving Unemployment, Econometrica 47, 1249-1266.

O’Quigley, J. and Pessione, F. (1989), Score Tests
for Homogeneity of Regression Effect in the Proportional
Hazards Model, Biometrics 45, 135-144.

Prentice, R. and Gloeckler, L. (1978), Regression
Analysis of Grouped Survival Data with Application to

Breast Cancer Data, Biometrics 38, 57-67.



186

Schoenfeld, D. (1980), Chi-Squared Goodness-of-fit Tests
for the Proportional Hazards Regression Model,
Biometrika 67, 145-153.

Theil, H. (1983), Linear Algebra and Matrix Methods in
Econometrics, In Griliches, Z. and Intrilligator, M.D.
(ed.), Handbook of Economics, Vol I, North-Holland,
Amsterdam, 3-65.

Usategui, J.M. (1988), Finite Duration of Unemployment
Insurance, Reservation Wages and Participation in the
Job Market, Southern European Economics Discussion
Series, No. 63.



187

Chapter VI

THE EFFECTS OF EDUCATION ON THE DURATION OF UNEMPLOYMENT

1. Introduction 188
2. The Effects of Education in a Search Model 191
3. Numerical Examples | 198
4. Empirical Evidence 203
5. Conclusions 213

Footnotes 216

References 217

Appendix 1. Comparative Static Results:
The Effects of Education on the Reservation

Utility and Hazard Function 219



188

Chapter VI

THE EFFECTS OF EDUCATION ON THE DURATION OF UNEMPLOYMENT

This chapter studies the relationship between the level of
education and probability of re-employment. Using a search
theoretical model it 1is shown that on the lowest levels
additional education increases the probability of re-
employment, but on the highest levels the relationship
turns negative. Using Finnish microeconomic data on
unemployed workers it 1s shown that the unemployed persons
who have about 13 - 14 years of education have the highest

re-employment probability.

1. Introduction

The role of education over the life-cycle has been seen as
an investment in human capital. In the theories of human
capital it is usually assumed that the optimum amount of
education is chosen to maximize life-time earnings or
utility [e.g. Blinder and Weiss (1976)]. Empirical
applications have been presented, for instance, by Wolff
and van Slijpe (1973), Willis and Rosen (1979), Garen
(1984) and a replication of these studies by Oosterbeek
(1990) . Recently a paper by Groot and Oosterbeek (1990)
studies the optimum amount of education and introduces a

probability of becoming unemployed after school. There are
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other theories which support the argument that
overeducation can be a long-lasting problem with negative
effects on productivity [e.g. Spence (1973), Hartog (1981,
1986), Ducan and Hoffman (1981), Rumberger (1981l), Tsang
and Levin (1985) and Hartog and Oosterbeek (1988)].

The purpose of this study is to analyze the effects of
education on the life-time utility and re-employment in the
light of search theories. The optimal behaviour of an
unemployed person is examined assuming a given level of
education. It is shown that the effect of education on the
value of life-time utility and the probability of re-
employment is not straightforward. Highly educated
unemployed persons have problems in finding acceptable job
offers.

Empirical evidence is presented using Finnish
microeconomic data. About 37 per cent of the unemployed
persons having at least the lowest university degree are
seeking jobs in teaching and reséarch. About 19 per cent of
these unemployed persons’ occupations are in the
construction or technical occupations in factories.
Furthermore at least 11 per cent of them can be classified
into the sparsely located service or production jobs.
Typically those jobs requiring a high level of education
are in towns, building sites or factories. If these persons
lose their jobs, they have to pay moving or commuting costs
in order to get a new job. A change of occupation in their
area of residence would involve costs in terms of lower
wages.

Assuming a finite search horizon it 1is evident that the

time-path of the reservation utility is decreasing, which
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leads to an increasing hazard function. However, if lump-
sum types of re-employment costs are assumed, the
reservation utility is increasing and the hazard function
is decreasing during the last few years. These theoretical
findings are in accordance with the empirical evidence that
the hazard function of an unemployed person 1is increasing
and that elderly persons are apt to have serious problems
in finding acceptable offers.

A higher level of education leads to a higher
reservation utility, but the effect of education on the
probability of re-employment is analytically ambiguous.
Numerical examples show that to some extent the probability
of becoming employed increases when the level of education
increases. The function subsequently becomes decreasing,
however, since the possibility of getting an acceptable
offer decreases. Empirical evidence 1is in accordance with
these theoretical results.

The remainder of this study i1s set out as follows. In
section 2 the search theoretical model is presented. The
numerical examples of the search models are presented in
section 3. Section 4 presents the empirical evidence. A
Weibull model of unemployment duration is estimated
assuming that the effect of omitted variables can be taken
into account using a discrete mass point distribution.

Section 5 concludes the study.
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2. The Effects of Education in a Search Model

In this section a search theoretical model is developed to
analyze the effects of education on the time-path of the
value function, reservation utility and hazard function
during the unemployment period. Recent surveys in search
theories can be found in Mortensen (1986) and Kiefer and
Neumann (1989). It is assumed that the unemployed person
evaluates job opportunities in terms of utility, which may
include consumption and other characteristics. For
simplicity the utility of an individual is assumed to be
additively separable. It is assumed that the individual’s
remaining time horizon is limited. It may be interpreted as
an unemployed person’s remaining time in the labour force
from the beginning of his or her unemployment period. The
search 1s assumed to take place during a unit of time dt
after which the remaining search horizon is denoted as t.
While an unemployed person is searching for a job, he
is assumed to obtain instantaneous utility b. Often b is
taken to be identical with the amount of unemployment
benefits received plus other income net of searching costs.
The arrival rate of job offers a(s)dt is assumed to be
related to the length of search interval and to depend on
the level of education s. It is assumed that the arrival
rate of offers is increasing and a concave function of
education. Job opportunities rise with the length of
schooling, as one can accept a job below the educational
level but can not elicit a job offer above the educational

level, !
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If an individual is unable to find employment from the
local job market, an acceptable job may have to be sought
elsewhere. It is assumed in the model that there are two
kinds of costs of re-employment which depend on the level
of education. Some of the costs of re-employment will
remain permanent. The permanent cost of re-employment c(s)
is of a flow type. When an offer is accepted, the
individual pays these costs daily. These costs may include
travelling expenses between home and work and the loss of
utility related to changing occupations. Some of the costs
of re-employment, e.g. the moving cost c,(s), may be of a
lump-sum type. The costs are probabilistic and they are
measured in terms of utility. It is assumed that c(s) and
c,(s) are increasing and convex functions of the level of
education.

According to the search model well-educated persons
have higher reservation utilities, i.e. reservation wages.
Therefore they have probably on average also higher wages.
Since they spend all that they earn, their costs are also
higher. It 1s also plausible that well-educated unemployed
persons have less acceptable jobs near where they live. The
same line of argument is followed also in the discussion by
Holmlund (1984). These assumptions are confirmed by the
data, which shows that these persons move more often than
less educated persons. Holmlund presents also similar
empirical evidence for Sweden. Unfortunately there are no
data on the costs of becoming employed in our study.

Better educated persons usually have more consumer
durables and expensive housing. To get a job persons often

have to move and sell their homes. Therefore the fixed
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costs 1increase over the level of education. Concerning the
costs of re-employment it does not matter whether the costs
are of the flow or fixed type, since the discounted flow-
type costs can be seen as fixed costs. Therefore if the
assumption of fixed costs are relaxed, the basic results
remaln unchanged.

Workers maximize the expected present value of the

utility. The value of the search can be written

where F i1s the distribution function of job offers in terms
of utility. It is assumed that the level of education
shifts F'to the right in such a way that F is first order
stochastically dominated by the new distribution function.
The first term of the value function V(t+dt) on the right-
hand side of (1) is the instantaneous utility during dt.
The multiplicand B(dt) = [l - exp(-rdt)]/r is the discount
factor, where r is the subjective rate of time preference.
The second term is the expected discounted utility related
to an acceptable offer. The parameter G is the maximum
attainable utility and u’ (t) is the reservation utility at
time t. The utility u’(t) is the endogenous variable of
this model. Offers which are at least u’(t) are acceptable.
B(t) discounts the expected utility related to an

acceptable offer during the remaining search period
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[(t, 0). The third term is the expected discounted utility
related to an unsuccessful search, where D(dt) = exp(-rdt)
discounts the expected value of search apart from the
instantaneous utility from t to t+dt.

By expansion B(dt) = dt + o(dt), where o(dt) is the
remainder term. The instantaneous utility of being
unemployed is proportional to the length of the time

interval dt. Correspondingly the discount factor of

expected utilities D(dt) = 1 - rdt + o(dt). Substituting
the discount factors in V(t+dt), forming the difference
quotient [V(t+dt) - V(t)]/dt, taking the limits as dt

approaches zero and rearranging the terms gives the
differential equation of expected utility stream with

respect to time

After the active search period the search does not produce
any expected utility. Solving from (1) the value function
V(t) = b/r during the passive search, which implies
V(t) = b - rv(t) = 0.

The optimal reservation utility is a solution to a
dynamic optimal control problem. Differentiating V(t) with
respect to the reservation utility u'(t) gives the

necessary condition for the optimal reservation utility
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(3) u (t) = c(s) + [c,(s) + V(t)]/B(t).
Rewriting (3) we see that the value function V(t) = [u"(t)
- c(s)]B(t) - c,(s). This means that the expected value of

continuing a search, the value function, is equal to the
utility of an acceptable offer minus the permanent loss of
utility due to becoming employed discounted over the life-
time, net of the lump-sum moving costs.

Next the comparative dynamics are studied. The focus 1is
on the effects of education with respect to the reservation
utility and hazard function. The hazard function is defined

as

It is a product of the arrival rate of job offers and the
probability that an offer is acceptable. The effects of
education on the arrival rate of job offers, offer
distribution and re-employment costs are assumed to be
positive. Then the effects of education can be examined via
the arrival rate, offer distribution and costs. The details
of the calculations are presented in Appendix 1.

The effect of education via the arrival rate of job
offers has an ambiguous effect on the hazard function. The
direct effect is positive, since the number of occasions on
which one is able to leave unemployment increases. The
indirect effect via the reservation utility is negative,
because of the increased selectivity of the searchers.
Recently, a number of papers have been written in which

sufficient conditions are derived for the hazard function
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to be non-negative. A short survey 1is given by van den Berg
(1990) . This issue is, however, beyond the scope of this
study.

To solve the effects of education via the offer
distribution, a translation of the distribution function F
to the right i1s made so that F(u, s) = G[u + W(s)], for all
u and B > 0. The translation is said to first order
stochastically dominate F(u, s). This method has been used
e.g. by Mortensen (1986). The result 1s that an increase in
the offer distribution increases both the reservation
utility and hazard function.

The effects of education via the re-employment costs
c(s) and c,(s) are straightforward. The costs increase the
reservation utility and decrease the re-employment
probability.

Summarizing the effects of education on the reservation
utility, the following results are obvious. The reservation
utility u’(t) is an increasing function of education via
the arrival rate of job offers a(s), offer distribution
F(u, s), permanent cost c(s) and lump-sum costs of re-
employment c,(s). The hazard function is an increasing
function of education via the offer distribution and a
decreasing function via the costs of re-employment. The
effect via the arrival rate is analytically ambiguous.

The connection between the search and unemployment duration
models is defined by the hazard function. The density

function of unemployment durations can be written as
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which is the product of the hazard and survivor functions

of unemployment durations.
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3. Numerical Examples

In order to illustrate the time-paths of the value
function, reservation utility and the hazard function
numerical examples are given for the model with a limited
search horizon. Furthermore, the effects of education on
these functions are studied. The search horizon is assumed

to be 40 years, but of course the person can enter or exit

unemployment at any time during this period. For simplicity

the offer distribution is assumed to have a uniform
distribution between [u, u] = [5, 15]. The assumption has

been used earlier, for instance, in the studies of
Loikkanen and Pursiheimo (1979) and van den Berg (1987).
The time-paths have been calculated in reverse order

using a fact that at the end of the search horizon V(t) =

b/r. The arrival rate of job offers, offer distribution and

re-employment costs are defined as follows

(6a) a(s) = as

(6b) u(s) = 0.5s + u, u(s) = 0.5s + u
(6c) c(s) = cs

(6d) o le) = ¢.8.

The remaining parameter values used in the numerical
example are as follows: b = 2, a = 0.15, r = 0.05/12, ¢ =

and ¢, = 150. In order to illustrate the time-paths of the

1
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value function, reservation utility and hazard function the
level of education was set as s = 4.

Figure 1 presents the time-paths. The value of search
1s a decreasing function over time. When there are 8.5
yvears left in the labour force, the active search period is
over and the passive search with the constant value
function starts. The reservation utility is a decreasing
function, but during the last few years it is increasing
because of the lump-sum types of moving costs. A high wage
is needed to offset the moving cost. A decreasing function
of reservation utility implies an increasing hazard. During
the last few years the reservation utility is higher than
the highest attainable utility, and the hazard function is
zero, since there are no acceptable offers.

In Figure 2 the effects of education have been studied
at t = 480 months (40 years left in the labour force). The
time paths have been calculated for the different levels of
education and the values of V(t), u'(t) and h(t) have been
plotted. It can be seen that there is an optimal level of
investment in education for an unemployed person. The
reservation utility 1s increasing over the level of
education, as expected. The effect of education on the
hazard function is interesting. At first the hazard
function 1s increasing, but later on it turns into a
decreasing function. Using the uniform distribution it is
straightforward to show that 0?h(t)/dsds < 0, i.e. the
hazard function is concave.

Since the reservation utility increases with the level
of education, there are fewer acceptable offers for the

highly educated unemployed persons. Therefore the hazard
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function begins to decrease. The result depends on the
assumed effects of education. Greater education increases
the arrival rate of offers and offer distribution, but the
other crucial assumption is that it increases also the
costs of becoming employed. The numerical examples show
only the possibility of getting such results as determined
by specific parameters in a dynamic search model. Depending
on the values of the parameters of the model, Figures 1 and

2 can be different.
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Figure 1. Time-paths of various functions
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Figure 2. The effects of education
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4. Empirical Evidence

In this section models of unemployment duration are
estimated using Finnish microeconomic data. It i1s shown
that the persons with less than 9 years of education and,
on the other hand, the persons with master’s, licentiate or
doctor’s degrees have the lowest re-employment
probabilities. A Weibull model of unemployment duration is
estimated and a mass point approach allowing for
unobservable differences across persons 1s followed. Data
on 2077 Finnish unemployed persons have been used in the
estimations.

A graphical method is used to get an initial view on
the effects of education on the duration of unemployment.
Score plots are useful for detecting effects of omitted
variables. One might hope that graphical analysis would aid
in selecting an alternative specification of education
variables. It 1s possible that the association between the
scores and candidate omitted variable in a scatter plot
might indicate ways of remedying misspecification by
alerting us to the possibility of a nonlinear effect for an
omitted regressor. Furthermore, graphical procedures may be
valuable in indicating whether departures are of
operational significance. Sometimes it 1s possible to find
evidence from misspecification not detected by formal test
procedures.

Chesher and Irish (1987) have examined graphical
methods for detecting omission of regressors for grouped or

censored data in the context of normal linear models.
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Lancaster (1990) has derived the residuals of duration
models using the scores of omitted variables. Graphical
residual analysis can be informative about model
misspecification, but some care is required in interpreting
residual scatter plots derived from censored data. In this
study a graphical procedure allowing for censoring is based
on the scores of candidate regressors.

The likelihood contribution can be written using the

hazard h(t) and integrated hazard I(t) as follows

where u = exp(x,fs) and c is the censoring indicator. The
variable x, (level of education) is deliberately excluded
from the model. A way of testing whether B, is not zero is
to examine the variation in the log likelihood contribution
logl, when this parameter 1s allowed to depart from zero,
in either direction. This suggests that a test for adding
explanatory variables could be based on the scores

dlogl /9B, at B, = 0, which can be written

(8) dlogl/dfB. = [c - I(t)]x,.

A graphical examination of the effect of the explanatory
variable x, can be obtained by plotting it against the
scores.

The models of unemployment duration are presented in
Table 1. The level of education, ranging from 1 to 8, has
no statistically significant effect on the re-employment

probability. Figure 3 plots the score function against
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education. Regressing the scores on the level of education
yvields a slope coefficient of 0.008 and intercept of
-0.005, so that the regression is virtually a horizontal
line. Joining up the average scores on each level of
education gives the line drawn in Figure 3. The average
scores suggest the possibility of a nonlinear effect for
this variable. Low levels of education seem to be
associated with relatively low re-employment probabilities.
High levels of education are also associated with
relatively low re-employment probabilities and long

unemployment durations.
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Table 1. Weibull models of unemployment duration

Std.errors
in parentheses

Shape parameter 0.861 0.861
(0.021) (0.021)
Constant -1.720 -1.695
(0.132) (0.126)
Number of children -0.009 -0.011
(0.050) (0.050)
Married 0.153 0.154
(0.065) (0.065)
Sex -0.017 -0.015
(0.056) (0.056)
Age -0.040 -0.040
(0.003) (0.003)
Level of education (1-8) 0.014
(0.022)
Training for employment 0.174 0.170
(0.071) (0.071)
Member of UI fund 0.199 0.198
(0.060) (0.060)
Came from schooling 0.298 0.303
(0.080) (0.080)
Came from housework -0.717 -0.716
(0.124) (0.125)
Regional demand 0.117 0.123
(0.236) (0.235)
Occupational demand 0.752 0.943
(0.643) (0.585)
Taxable assets 0.927 0.927
(1.078) (1.076)
Replacement ratio -1.240 -1.245
(0.151) (0.151)

Log likelihood -4967.8 -4968.0
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Figure 3. A score plot of education
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An approach allowing for discrete unobservable
differences across unemployed persons is followed. In the
case of parametric duration models the discrete mixing

likelihood contribution can be written as

a—leu¢+xﬁ aeui+XB

where h,(t) = ot and I;(t) =t are the
atomic hazard functions and integrated hazards in a Weibull
case and c¢ indicates complete spells of unemployment. If

c =1, then t is a complete spell, otherwise c = 0.

The results of estimations of mass point models are
presented in Table 2. Models with two or more mass points
produce increasing hazard functions. The absolute values of
statistically significant parameter estimates increase in
most cases when more mass points are introduced into the
model, as is to be expected. Lindsay’s (1983) D function is
used to determine the optimal number of mass points. It
turns out that five points of support are enough to rectify
the effect of omitted variables with this data set.

The effects of education have been estimated using the
lowest level of education, defined as less than 9 years of
schooling, as the base for comparison. A higher level of
education implies a higher hazard for the levels of
education up to 13 - 14 years of education. The result 1is
statistically significant. On the other hand, the re-

employment probability begins to decrease for the persons

with a bachelor’s degree. The persons with a master’s,
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licentiate or doctor’s degree have the lowest re-employment
probabilities. The levels 6 - 8 do not statistically differ
from the first level. These problematic levels of education
include 3.3 per cent of the unemployed persons.

About 37 per cent of the occupations where the level of
education 1s at least the lowest university degree are in
teaching and research. About 19 per cent of these
occupations are in the construction or technical
occupations. At least 11 per cent of them can be classified
into the production or service jobs with a fixed place.
Typically the jobs with a requirement of a high level of
educational are situated in towns or factories. If these
persons lose their jobs they have to pay the moving or
commuting costs in order to get a job. The change of the
occupation in their area of residence would involve costs
in means of lower wages.

Another variable which is interesting to education
economists 1s the training for further employment arranged
by the state. It includes participation in courses which
have occurred before the onset of unemployment, but not
necessarily immediately before it. Training for further
employment has a significant and positive effect on the re-
employment probability. It increases the probability of re-

employment by about 60 per cent.
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The survivor function of the model is obtained from the
mixing likelihood contribution (9) by setting ¢ = 0, which

gives

Integrating the survivor function gives the expected value
of unemployment spells E(T; ¢), where ¢ = (a, B, u;, gy,
i=1,...,m, k =1,...,m-1. The expected value of the
unemployment spell E(T; ¢) can be written as a weighted

average of the expected values of the m groups E(T;; 0;),

¢, = (o, B, u;), as follows
m
(11) E(TI q)) = Z plE(Tll q>1)/
el
where
- (u;+xB) /a
(12) E(T;; ¢;) = (1/a)e 'i1/o).

The gamma function is denoted by ['. The variance of E(T; ¢)
can be ‘approximated by the delta method. The first order

Taylor series expansion gives

(13)  E(T; @) =~ E(T; @) + (¢ - ¢)0 LT

The approximative variance can then be written as



(14) Var [E(T; &)] = BE(gi )'Var(a))agig%—m)—°
¢ ¢

Table 3 includes the effects of education on the duration
of unemployment calculated for an average person in the
sample. It can be seen that the level of education has a
strong effect on the duration of unemployment. The fifth
level of education implies the shortest duration. Many
persons having the a bachelor’s degree have problems in
finding acceptable job offers. The persons having at least

the master’s degree have even more difficulties.

Table 3. The effects of education on the duration of

unemployment

Level of education The effect of Std.errors’

education in weeks’

2 -14.8 6.6
3 ~LT a7 6
4 ~15.9 6.6
5 =39%.3 7.1
6 =2L.0 9.1
7—8 +29.4 40.5

The effects are compared to the first level of education
N var E(T; ¢, level 1) + Var E(T; ¢, each level)
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5. Conclusions

In this study the effects of education on the re-employment
probability were analyzed using a search model. It was
shown that the effect of education on the probability of
re-employment is not straightforward. Using a model with a
finite search horizon it was shown that the time-path of
the reservation utility is decreasing, which leads to an
increasing hazard function. However, during the latter
years the reservation utility is increasing and the hazard
function is decreasing due to the lump-sum type of cost of
re-employment.

It was shown that there is an optimal level of
education for an unemployed person maximizing life-time
income. Furthermore, a higher level of education leads to a
higher reservation utility. The re-employment probability
increases over the lower levels of education. However, the
possibility to get an acceptable offer decreases when the
reservation utility increases with the level of education.
Therefore the hazard function begins to decline toward the
highest levels of education.

The models of unemployment duration allowing for a
discrete pattern of unobserved heterogeneity across
unemployed individuals were estimated. Weibull models with
mass point heterogeneity were estimated using Finnish
microeconomic data. In the basic Weibull model the
estimated value of the shape parameter was less than one,
indicating negative duration-dependence. The absolute

values of the parameter estimates increased substantially,
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however, after allowing for unobserved heterogeneity and
the hazard function turned increasing. Five points of
support were enough to rectify the effects of omitted
variables. According to the model the re-employment
probability is low for the persons who are near the age of
retirement.

According to the models of unemployment duration the
education has a positive effect on the re-employment
probability up to about 13 - 14 yvears of education, but the
unemployed persons with a master’s, licentiate or doctor’s
degree have problems in finding acceptable offers. These
results clearly support the possible outcome of the search
model that the probability of becoming employed begins to
decline toward the highest levels of education. According
to the empirical evidence these effects have a substantial
economic significance.

It is necessary to point out that this study tells only
half of the story about the effect of education on
unemployment . Even though the well-educated persons have
problems in finding jobs they rather seldom become
unemployed. Furthermore, the data represents only the
unenmployed persons who have been searching a job using the
unemployment office. Using aggregate data it can be
estimated that 12 per cent of the individuals on the first
and second levels of education became unemployed in
unemployment offices during 1985. On the third and fourth
level of education 7 per cent became unemployed. On the
highest levels only 4 per cent of the workers become

unemployed. The transition intensity of well-educated
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persons into unemployment is rather low, but on the other

hand their unemployment can be a serious problem.
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Footnotes

1. Another compelling explanation which could yield
predictions that education decreases the re-employment
probability is that the arrival rates may at first increase
and then decrease with each higher level. The direct effect
of the arrival rate on the hazard function is positive, but
the indirect effect via the increasing reservation utility
is negative. Therefore the effect of education via the
arrival rate on the hazard function remains ambiguous. If
the indirect effect based on the increasing selectivity is
rather small, the argument may be relevant. The assumption
of this chapter that job opportunities rise with the length
of schooling has been used, for example, by Groot and
Oosterbeek (1990).

2. Age, 56-65 years is a dummy variable and it is measured

in years, 1 = yes. Mean = 0.05.

3. Level of education is a dummy variable, 1 = yes:

Level 1 = less than 9 years of education. Mean = 0.368.
Level 2 = 9 years of education. Mean = 0.174.

Level 3 = 10 - 11 years of education. Mean = 0.245.
Level 4 = 12 years of education. Mean = 0.152.

Level 5 = 13 - 14 years of education. Mean = 0.028.
Level 6 = 15 years of education. Bachelor’s degree.

Mean = 0.017.

Level 7 = 16 years of education. Master’s degree.

Mean = 0.015.

Level 8 = licentiate or doctor’s degree. Mean = 0.0005. The
level of education is based on the education code of the
Central Statistical Office of Finland.
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Appendix 1. Comparative Static Results: The Effects of
Education on the Reservation Utility and Hazard Function

For simplicity the comparative static results have been
solved in an infinite horizon model, where V(t) = 0 and
B(t) = 1/r. Since da/ds, OJW/ds, dc/ds and dc,/ds are
positive, it is necessary to consider the effects of a, W,

¢ and c, on the reservation utility and hazard function.

The effects of the arrival rate of job offers

Since V(t) = 0, the reservation utility is solved from the
differential equation (2) by inserting V = (u - c)/r - c,,

which gives

*

(15) u =b +c + rc, + a

C*;\C |

(U. - u*)dF(ul S)/r/

where the effect of the arrival rate of offers can then be

solved directly

*

u
ou f .
(16) s = (u - u)dF(u, s)/r > 0.
da u

The effect of a on the hazard function 1is

oh . . ou”
(17) — = [1 -~ F{u, s}] - af{u’, 8) .
da da
where f(u’, s) is the density function of offers. Clearly

dh/da has an ambiguous sign.
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The distribution of offers

Substituting the following useful transformation

*

¥
(00
Ck—ﬂCl

u
(u - u)dF(u) = Eg(u) - u” + g’E‘hl)du

into (15) gives

*

u
(19) u = b + c + re, + alEg(u) - u" + g.F(u)du]/r.

Substituting F(u) = G(u + W) and noting that E;(u) = WU +

E: (u) gives

*

®

u
(20) u =b +c + rc, + allp + Eg(u) - u” + g.F(u - Widul /r.

The effect of the offer distribution on the reservation

utility can be solved as

ou”
(21) o = h/(r + h) > 0,
au
where h = a[l - F(u" - W)]. The effect of an increase of

the offer distribution on the hazard function is

oh * du’
(22 ) — = affu - Wil = — ) = 0,

ou oL

since du'/dp < 1.
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The costs of re-employment

The effect of ¢ and ¢, on the reservation utility can be

written as

(23) L S
ou
dc

(23) ity r > 0

- = >
dc,

The effects of ¢ and ¢, on the hazard function are clearly

negative.
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Abstract

This chapter examines the duration and calendar-dependence
in the context of Cox’s semili-parametric proportional
hazards model. Duration-dependent UI benefits are used to
study duration-dependent features of the Finnish UI system
and calendar-dependent covariates are used to study the
seasonal effects on the re-employment probability.
Calendar-dependent covariates may not always be adequate to
model the macroeconomic changes. Therefore the roles of
duration and calendar time are successfully changed in
estimating the model. The underlying baseline hazards of
the models based on duration and calendar time are

presented.

1. Introduction

The proportional hazards model presented by Cox (1972)
studies the effects of explanatory variables on the hazard
rate without specifying the form of duration-dependence.
The estimation of Cox’s model leads to the partial
conditional likelihood function, where the time-dependent
part of the likelihood function is cancelled out, because
it is identical for the individuals becoming employed and
individuals in the risk set.

The environment of an unemployed person changes over
time. The changes may be duration-dependent. The Finnish

unemployment insurance system i1s such that the rules
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concerning the eligibility of benefits vary over the
duration of unemployment. On the other hand, the changes
may be calendar-dependent. Probably the most important
calendar-dependent changes in the short run are the
seasonal factors, which have an important effect on the re-
employment probability. The interest of this study is in
the calendar and duration-dependent effects on the re-
employment probability.

Concerning any period the individuals experience two
events, the entry t° and exit 1T!, measured in calendar
time. The calendar time is measured as the duration between
the date in question and any fixed date before these two
events. The duration of unemployment is then t = t! - 1°.

The hazard function of the proportional hazards model

presented by Cox (1972) can be written as

(1) h(tIX) = hO(t)hl(X;B)’

where the first factor hy(t) is the unknown baseline
hazard. These kinds of models are called semi-parametric,
since one does not have to define the baseline hazard. The
second factor, which is known up to a finite dimensional
parameter vector P, usually takes the log linear form
hy (x;B) = exp(xP).

Let t,, t,,...,t, denote the ordered durations of n
individuals. The partial likelihood contribution can be

written as follows [Cox (1975)]

exp (x;P)

(2) ci = ’
(B) 2 exp (x;f)

jER(ti)
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where R(t;) denotes the risk set, i.e. the observations
with t 2 t;. Multiplying the numerator and denominator by
h(t)dt it can be seen that the contribution of an
observation i1 i1s just the probability that the duration
ends in [t;, t;+dt) given that some duration in the risk
set ends in that interval.

Usually duration data includes censored observations.
In estimation it is helpful to use an indicator to signify
whether observations are complete durations or censored
times. The censoring indicator and values of the duration
variable T or censoring variable C are observed. The
censoring indicator c; = 1 if t; is a complete spell,
otherwise ¢; = 0 and t; = min(T;, C;). The risk set includes
censored observations, which appear only in the numerator
of the likelihood function. With a censoring indicator the

partial likelihood function can be written as

If ¢; = 0, no contribution is made to the likelihood
function. A similar type of modelling censoring was used by
Aalen (1978).

Usually duration data are to some degree grouped, 1i.e.
there are spells which end during the same unit of time.
In this data the duration of unemployment is measured using
dates. Therefore the grouping is rather mild. One way of
taking the grouping into account 1is to write the partial

likelihood function following Breslow (1974) as



where d is the number of distinct exit times observed in
the data and T(t;) denotes a set of m; individuals who are
observed to leave unemployment at t;. Note that if T(t;)
includes only censored observations then m; = 0 and no
contribution is made to the likelihood function.

In estimation of the unknown parameters B it is helpful
to rank the durations and censoring times in descending
order for the calculation of the risk set as shown in
Figure 1. The calculation of the risk set for each distinct
duration can then be done by adding exp(x5B) terms of the
individuals starting from the first observation. The
partial likelihood function can then be easily maximized
with respect to the parameters.

The explanatory variables of the risk sets may vary
even though the individuals are homogenous, since some of
the explanatory variables may be calendar or duration-
dependent. The effects of these variables are studied using
Finnish data of unemployed workers.

Using parametric models the specification of the
duration distribution and duration dependence may be
difficult. The Finnish UI system is such that the rules
concerning the eligibility of benefits vary over the
duration of unemployment. Therefore the interest of this
chapter is in the semi-parametric models and duration
dependent effects of the system on the re-employment and

regional and occupational mobility of unemployed workers.
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Figure 1. Unemployment durations of five individuals

(O = censored, > = complete spells)
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2. Time-Dependent Effects
2.1. Duration-Dependence

The values of explanatory variables may change over the
duration of unemployment for the individuals. This section
considers the inclusion of such variables in the semi-
parametric proportional hazards model. Models with
duration-dependent replacement ratios of unemployment
benefits are estimated using different kinds of model
specifications. With duration-dependent covariates the
hazard function of the proportional hazards model can be

written as

(5) h(tlxlz) = ho(t)eXB J Z(t)BZ/

where x includes the covariates, which are constant in
time, and z(t) includes the duration-dependent covariates.
Models with duration-dependent benefit replacement
ratios are estimated. In the model (A) of Table 1 the
benefit replacement ratio is fixed at an average value over
the unemployment spell. In the model (B) the duration-
dependent unemployment benefits were used in the two
intervals (t,, t,] and (t,, t,], where t, = 0, t;, = 3 and
t, = 24 months. The results show that the effect of
unemployment benefits is lower with duration-dependent
replacement ratios. The third possibility is to assume that
the effects of duration-dependent variables vary over time,

remaining constant within predefined intervals [model (C)
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of Table 1]. The reason for this kind of specification 1is
that the explanatory variables may have different effects
on the re-employment probability with respect to different
durations. With duration-dependent effects the hazard
function in our case can be written for the interval
t;, <t £t5, J =1, 2, as h;(t,x,2z) = hy(t)exp[xP+z(t)B,(t)],

which can be rewritten as follows

(6) hy(t,x) = ho(t)eXB + z(t) (B, + p«j).
To avoid singularity it is defined that W, = 0. The
partition of the time axis into predefined intervals allows
the proportional hazards assumption to be tested. This
approach has been followed by Moreau, 0O’Quigley and Mesbach
(1985), Moreau, O’Quigley and Lellouch (1986) and O’Quigley
and Pessione (1989).

The results of model (6) with duration-dependent
replacement ratios are presented in the third column of
Table 1. It can be seen that the unemployment benefits have
a negative effect on the re-employment probability during
the first three months, but after that period the effect
turns positive. An obvious reason is that the eligibility
rules of benefits become stricter. The unemployed persons
have a risk of losing benefits after the first three months
1f they do not move to an other region or change their
occupations. Furthermore, after the 100th day of
unemployment the earnings-related unemployment allowances
decrease by 20 per cent. Because of these rules the
incentive for re-employment is higher for the persons with

high benefits. These findings are confirmed by Table 2,
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which shows that the negative effect of benefits is higher
for the non-members of labour unions even though their
benefits are lower.

Since the rules concerning the labour mobility change
during the spell of unemployment, it is reasonable to model
the probabilities of moving and changing occupations. The
semi-parametric models of labour mobility are presented in
Table 3. In the case of regional mobility the censoring
indicator c¢; = 1 if the person has moved to get a job,
otherwise c¢; = 0. In the case of occupational mobility the

censoring indicator is defined in a similar way.
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Table 1. Semi-parametric models of unemployment spell with

duration-dependent replacement ratios

(A) Average replacement ratios
(B) Time-dependent replacement ratios
(C) Time-dependent replacement ratios and coefficients

(A) (B) (C)
Std.errors in parentheses

Number of children -0.002 -0.097 -0.086
(0.048) (0.049) (0.049)

Married 0.143 0.171 0.159
(0.067) (0.070) (0.069)

Sex -0.014 -0.054 -0.056
(0.063) (0.061) (0.061)

Age -0.039 -0.037 -0.036
(0.004) (0.003) (0.003)

Level of education 0.045 0.081 0.102
(0.067) (0.064) (0.064)

Training for employment 0.183 0.206 0.202
(0.074) (0.079) (0.079)

Member of UI fund 0.209 0.216 0.205
(0.063) (0.065) (0.065)

Came from schooling 0.283 0.300 0.280
(0.090) (0.083) (0.084)

Came from housework -0.648 -0.655 -0.671
(0.140) (0.137) (0.137)

Regional demand 0.114 0.248 0.131
(0.256) (0 .253) {D.253)}

Occupational demand 0.5251 0.656 0.547
(0.586) (0.622) (0.590)

Taxable assets 0.783 0.770 0.682
(0.994) (1.112) (1.112)

Replacement ratio, [, -1.232 -0.325 =1..275
(0.132) (0.138) (0.205)

Replacement ratio, W, 2,127
(0.271)

Log likelihood -8415.6 -8453.6 -8422.1
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Table 2. Semi-parametric models of unemployment duration

for the non-members and members of labour unions

(A) Non-members

(B) Members (A) (B)
Std. errors
in parentheses

Number of children -0.019 -0.016
(0.069) (0.073)
Married 0.048 0.235
(0.106) (0.095)
Sex -0.021 -0.047
(0.083) (0.096)
Age -0.032 -0.048
(0.005) (0.005)
Level of education 0.154 -0.154
(0.085) (0.103)
Training for employment 0.181 0.179
(0.119) (0.108)
Came from schooling 0.300 0.200
' (0.097) (0.188)
Came from housework ~0.729 -0.548
(0.491) (0.201)
Regional demand -0.061 0.410
(0.327) (0.411)
Occupational demand -0.387 1.276
(0.925) (0.886)
Taxable assets 0.120 1.494
(2.015) (1.193)
Replacement ratio -1.725 -0.851

(0.219) (0.221)

Log likelihood -4178.7 -3362.2
Number of observations 1212 865
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Table 3. Semi-parametric duration models of labour

mobility

(A) Duration model
(B) Calendar model

Btd.

(A)

(B)

errors

in parentheses

Age =0

Level of education

Training for employment

Member of UI fund -1

Came from schooling

Came from housework

Regional demand -2
' (1

Occupational demand 2
(3

Taxable assets

Replacement ratio -5,

Wil
.022)

v 82
.467)

.036
.433)
B35
.179)

116
LAA05)

Log likelihood -321.8

=0.035
(0.010)
0.305
(0.182)
0.340
(0.194)
0.376
(0.156)
-0.034
(0.248)
0.084
(0.254)
1.223
(0.597)
-3.544
(1.637)
~3.918
(3.264)
-0.446
(0.334)

~-1364.3
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2.2. Calendar-Dependence

This section studies the seasonal effects on the re-
employment using semi-parametric models of unemployment
duration. With calendar-dependent covariates the hazard

function of Cox’s model can be written as

(7) hit,x,z) = hy(t)e*P * Z(T)B,

where x includes the covariates which are constant in time,
and z(T) includes the calendar-dependent covariates. The
seasonal variation and the effects of quarterly
unemployment rates are examined in this study.

One way of introducing time-dependence is to use dummy
variables to indicate periods in calendar time. Ridder
(1987) allows for dependence on calendar-time by
introducing dummies for two-year intervals. Examining the
seasonal effects quarterly dummy variables are in this
study introduced into the model. The variation across
observations is used to estimate the effects of calendar-
time, and the parameters are estimated for each dummy
variable. The first column of Table 4 includes this model.
The results show that the last quarter has the lowest re-
employment probability, whereas the first two quarters have
the highest probabilities. In great measure this result is
due to the considerable variation in the Finnish climate.

It may be of interest to use a continuous calendar-

dependent variable, for instance, the unemployment rate of
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the whole economy, and estimate its effect. This is done 1in
the second model of Table 4. The unemployment rate varies
with calendar time, but in statistics it is calculated as
an average value for intervals of calendar time, 1i.e.
months, quarters and years. Quarterly data on the whole
economy are used in this model. The variation across
observations is used to take into account the calendar-time
effects. The unemployment rate has a negative and
statistically significant effect on the re-employment
probability. A ten per cent increase of the unemployment
rate decreases the probability of becoming employed by

nearly 7 per cent.
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Table 4. Semi-parametric models of unemployment duration

using calendar-dependent covariates

Std. errors
in parentheses

Number of children
Married

Sex

Age

Level of education
Training for employment
Member of UI fund
Came from schooling
Came from housework
Regional demand
Occupational demand
Taxable assets
Replacement ratio
Quarter 1

Quarter 2

Quarter 3

Unemployment rate

Log likelihood

=0, 017
(0.049)
0.090
(0.070)
-0.052
(0.061)
=0 037
(0.003)
0.085
(0.064)
0.148
(0.079)
0,193
(0.065)
0.324
(0.084)
-0.609
(0.137)
0.179
(0.252)
0.609
(0.620)
0.530
(1.164)
-1.272
(0.156)
0.763
(0.095)
0765
(0.089)
0.362
(0.093)

~8368 .9

- 017
(0.049)
0.139
(0.069)
~{) , 018
(0.061)
=@ . 031
(0.003)
0.079
(0.064)
0.214
(0.079)
0.200
(0.065)
0.180
(0.084)
=0 .633
(0.137)
-0.001
(0.253)
0.275
(0.619)
0.345
(1.094)
=1.129
(0.154)

-0.684
(0.068)

-8364.1
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2.3. Changing the Roles of Duration and Calendar Time

In this section the roles of the duration and calendar time
are changed in order to study the seasonal effects and to
estimate and test the duration-dependence. Turning back to
the seasonal effects it is obvious that the specification
of the calendar-dependent part may be difficult in
practice, because the macroeconomic environment is changing
continuously. If this process is not fully observed, one
way to overcome the problem is to restrict the seasonal
effects to a particular form. Using the models with
calendar-dependent covariates the functional form of the
calendar-dependent part has to be specified completely, but
it may be difficult in practice. Here it is not preferred
to specify the form of seasonal effects, but instead to
ignore the specification of calendar-dependence by using
calendar time as the basic time variable.

The idea of changing the roles of duration and calendar
times 1is presented by Imbens (1990) and Ridder and Tunali
(1990), even though they have not estimated this kind of
model. Imbens suggests replacing the duration by the
calendar time in order to eliminate common calendar-time
related to macroeconomic shocks that affect all individuals
in the same way. Ridder and Tunali study child mortality
and discuss the properties of these two observation plans.
After changing the roles of duration and calendar time the

hazard function of the model can be written as
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On any day of exit the risk set of a calendar time
model consists of the individuals who are unemployed on
that day. The estimation of the calendar time model is not
possible using standard statistical packages. A scheme for
estimating a calendar time model can nevertheless be
formulated in the following manner. Consider calendar time-
dependent unemployment spells as shown in Figure 2. It is
helpful to recode the dates of entry and exit as a
difference between these dates and any date earlier than
the first date of entry in the sample. The calculation of
the risk set can then be performed easily starting from the
latest date and moving towards the next latest date and so
on. In the case of exit or censoring the observation is
added to the risk set and in the case of entry it is
subtracted from it. This procedure 1is continued until all
the dates of exit have been processed in order to calculate
the needed log likelihood function and the derivatives. The
needed programming 1s done using the SAS/IML (1985) matrix
language. Appendix 1 includes a part of the programme
including the log likelihood function and the first

derivatives.
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Figure 2. Unemployment durations of five individuals in a
model based on calendar time (0O = censored,

> = complete )

The results of estimations of the calendar time model
are presented in Table 5. Compared to the corresponding
duration model in the first column of Table 1 and the
models of labour mobility in Table 3, it can be seen that
the parameter estimates of the calendar models do not
differ substantially from the corresponding duration
models. It can be concluded that durations of unemployment
éan be replaced by the calendar time in this case. The loss
of efficiency of the calendar model can be large, however,
1f there are a lot of durations that are not overlapping
each other. Then some fraction of the persons does not
contribute to the likelihood function.

The estimation of the calendar model is more time
consuming than the model based on durations, since the
calculation of the risk is based on comparisons of
individual calendar times. However, the calendar model has
an advantage. The baseline hazard can be expressed as a

smoothly wvarying function of calendar time.
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Table 5. Semi-parametric models of unemployment duration

with calendar time

(A) Unemployment duration
(B) Regional mobility
(C) Occupational mobility
(A) (B) (C)
Std.errors in parentheses

Number of children -0.042
(0.049)
Married 0.195
(0.070)
Sex 0.018
(0.062)
Age -0.042 -0.050 -0.037
(0.004) (0.021) (0.010)
Level of education . 0387 0.309
(0.065) (0.180)
Training for employment 0.214 0.381
(0.079) (0.193)
Member of UI fund 0.257 ~1.234 0.425
(0.064) (0.466) (0.156)
Came from schooling 0.237 -0.064
(0.086) (0.251)
Came from housework -0.695 0.02%7
(0.137) (0252 )
Regional demand 0.149 -1.986 1.171
(0.252) (1.463) (0.589)
Occupational demand 0.503 2.561 -3.733
(0.629) (3.214) (1.644)
Taxable assets 0.756 -3.675
(1.006) (3.266)
Replacement ratio -1.157 -4.841 -0.452

(0.148) (0.965) (0.323)

Log likelihood -1176.6 -274.8 -1167.9
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3, Baseline Hazard Functions

The estimated values of the parameters can be used to
construct an estimator for the integrated baseline hazard,
which has been proposed for Cox’s model by Breslow (1972,

1974). The integrated baseline hazard can be written as

where c; is an indicator for a non-censored observation.
The corresponding Breslow’s estimate for the baseline
hazard is based on the subdivisions of the time scale at

those points where the event occurs

In the calendar time model T; is substituted for t;. For
the graphical presentation of the baseline hazard it is
more natural to assume that h,(t) is a slowly varying
function of t. If the estimates of the integrated baseline
hazards are available, an estimate for the baseline hazard
for each distinct duration can be rewritten as a difference

quotient of the integrated baseline hazards
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where V = 1. Then it can be seen that (10) is essentially
equal to (11) for non-censored observations. It 1is
suggested here that these smoother estimates are obtained
by choosing Vv for each t; such that min(t; - t;,) is larger
than a predefined constant &. In this application & was set
equal to 5 weeks and the estimates of the baseline hazard
function were centred at the midpoint of the intervals
(t;, t;.). An advantage of this kind of simple smoothing is
that the baseline hazard can not obtain negative values,
which 1s possible using the method suggested by Anderson
and Senthilselvan (1980). The graphical procedure is
valuable in indicating the operational significance of the
changes in the baseline hazard.

The estimates of the baseline hazards of the duration
and calendar time models are presented in Figure 3. In the
first box the function is derived from the first model of
Table 1. The baseline hazard functions resemble very much
the corresponding life table hazard functions, which are
presented in Chapter II. Reluctant movers risk losing
benefits after the first three months. The first box of
Figure 3 shows that the risk increases the re-employment
probability. The elasticity of the hazard function with
respect to the replacement ratio is the product of the
replacement ratio and its parameter estimate. Therefore the
effect of risk is larger for the members of labour unions,
who are usually eligible for higher benefits.

Members of labour unions face a 20 per cent reduction
in their benefits at the end of the 20th week of
unemployment . The reduction has a very strong positive

effect on the re-employment probability as the third box of
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Figure 3 shows. The baseline hazard is approximately 100
per cent higher just after the reduction than it would
otherwise be. These findings are confirmed by Table 2,
which shows that the negative effect of benefits is higher
for the non-members of labour unions.

During the period under investigation the employment
office had to offer a job to a person who had been
unemployed for a year. Therefore the baseline hazard
functions are increasing at the one-year mark. The low
estimates of the baseline hazard function for the durations
just less than a year are rather low. This 1is affected by
the rules and practices of the employment office.

The calendar time model of unemployment duration is
presented in the first column of Table 5 and the seasonal
variation is illustrated by the baseline hazard function in
the last box of Figure 3. The seasonal variation of the
baseline hazard is rather similar during 1985 and 1986
except that the baseline hazard is lower in 1986. Figure 3
shows that the re-employment probability is rather high in
May and June, whereas it is low during the last quarter of
the year.

The semi-parametric models of labour mobility are
presented in Tables 3 and 5. The corresponding baseline
hazard functions are presented in Figure 4. The unemployed
persons seem to be prone to move at the beginning of their
unemployment spell and just after the three months of
unemployment . There also seems to be two moving peaks in
calendar time. Unemployed persons move often in the

beginning of June and August. However, one can not draw
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very strong conclusions about the regional mobility, since
it is a rather rare phenomenon.

Occupational mobility is measured on the most accurate
5-digit level, which includes 1320 occupations. Unemployed
persons change their occupations most often at the
beginning of their unemployment spells and just after the
first three months of unemployment. There is a peak in
occupational mobility at the beginning of September. People
change their occupations quite often also in the beginning
of May, June and July, but rather seldom at the end of the

year.
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Figure 3. Baseline hazard functions of unemployment duration
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Figure 4. Baseline hazard functions of labour mobility
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4. A Graphical Method for Assessing Goodness of Fit

This section considers a graphical method which can be used
to detect lack of fit in the semi-parametric models of
duration. The method for examining fitted models is based
on the generalized residuals and it examines whether they
have a unit exponential distribution. The generalized

residuals of a fitted model are defined as

(lea) I(t;) = Iy(t;)exp(xB),
where
- Cj .
(16Db) Io(ty) = X s SRS NN [P s 1
t.<t; 2 exp (x,.p)
R = P

The residuals should behave approximately as censored unit
exponentials in large samples if the model is correctly
specified. Note that E(ti) estimates the expected value of
the residuals rather than the residuals itself, which may
cause their distribution to depart from that of a right-
censored unit exponential.

A large number of tests has been proposed for the semi-
parametric proportional hazards model. Arjas (1988) gives
an extensive reference list. Kay (1977) suggested plotting
the residuals against the expected order statistics, 1i.e.
the straight line. To extend the method to the censored

case Kay suggests plotting the residuals against the
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cumulative hazard function of the residuals. Lagakos (1980)
noted that cumulative hazard function or log survival
function of residuals versus a straight line could be quite
misleading and should not be used. Crowley and Hu (1977)
suggested adding log(2) (the conditional median additional
duration for unit exponentials) or 1 (the conditional
expected additional duration) to each censored residual.
Crowley and Storer (1983) studied cross-plots of estimated
generalized residuals either against a set of order
statistics or against a covariate value from the unit
exponential distribution. They found that a cross-plot of
generalized residuals against a set of order statistics
revealed very little. However, they noted that crossplots
of residuals versus covariates may still be of some value
in determining which covariates to include in a model.

The model specification is examined here using a
graphical procedure suggested by Lancaster and Chesher
(1985) in the context of parametric duration models. The
product-limit procedure allowing for censored data is here
applied to the generalized residuals from the fitted models
in order to estimate the residual survivor functions
é(i(ti)). The residuals E(ti) plotted against -log é(i(tﬁ)
should give an approximately straight line with unit slope
in large samples when the model is correctly specified.

Figure 5 illustrates the residual plots of proportional
hazards models. The residuals of the calendar model are
obtained from (l6a) and (1l6b) by replacing the duration
concept t by dates 1. Note that the expression T;£T, then
does not define the risk set, since the risk set includes

the persons who are unemployed on that day. The plots of
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the duration and calendar models are very similar. This is
no wonder since the parameter estimates of these two models

do not differ substantially.

Figure 5. Residual plots of semi—parametric models of
unemployment duration

Duration model Calendar model
-log é(i)

-log S(I)
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5. Conclusions

This chapter studied the time-dependence in semi-parametric
proportional hazards models of unemployment duration.
Models with duration-dependent replacement ratios of
unemployment benefits were estimated. The model with a
duration-dependent replacement ratio gives a substantially
lower parameter estimate of the replacement ratio than the
model where the benefit replacement ratio is fixed at an
average value over the unemployment spell. Studying more
carefully the duration-dependent effects, it was noted that
the benefits have a negative effect on the re-employment
probability during the unemployment of the first three
months, but after that period the effect turns positive.
One reason 1s that the unemployed persons may lose their
benefits after the first three months.if they do not move
or change occupations. Another reason is that the reduction
Qf benefits by 20 per cent after the 100th day of
unemployment increases the re-employment probability by
about 100 per cent. Using the graphs of the baseline hazard
functions it was shown that these features of the UI system
are of a great importance when looking at the probabilities
of re-employment and regional and occupational mobility.
Specifications with calendar-dependent explanatory
variables were studied and estimated using Finnish
microeconomic data on unemployment spells. Statistically
significant effects were found using calendar-dependent
dummy variables and unemployment rates. The models were

found useful in estimating the seasonal effects on the re-
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employment probability. However, using these kinds of
models the functional form of the calendar-dependence has
to be specified completely, which may be difficult in
practice.

In order to allow a flexible form of the calendar-
dependence the roles of duration and calendar time were
changed following the suggestions by Imbens (1990) and
Ridder and Tunali (1990). The baseline hazard functions of
the calendar models were used to illustrate the seasonal
variation of the re-employment and labour mobility. The
baseline hazard of re-employment is rather high in May and
June. Regional mobility has peaks in the beginning of June
and August. Occupational mobility has a peak at the
beginning of September, but it is rather high also in the
beginning of May, June and July. Labour mobility is rather

low at the end of the year.
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Appendix 1. Log Likelihood Function and the Derivatives
of a SAS/IML Programme for Estimating a Calendar-

Dependent Model

L i b b o b S e S o b i S b i b e e b b b S b b b S S S i b S S b

* COMMENTS : :
* TO = ENTRY TIME H
® Tl = EXIT TIME :
* RS = RISK SET FOR EACH DURATION ;
* DRS = THE DERIVATIVE OF RS ;
**********************************************************;
LIKEF: XB=X*B’; TT0=T0; TT1l=T1l; RS=0; DRS=0; N=0; FREE RST;
A: IF TT0(l<>]) < TT1(|l<>|) THEN DO;
I=TT1(l<:>,1); TT1(|I,1])=0; D1= 1; N=N+1;
END;
ELSE DO;
I=TT0{l=2t>»,1); PTTO({1X,1])=0 Dl==1:;
END;
RS = RS + DI1#EXP(XB(II,1)):
DRS = DRS + D1#X(I|I,|)#EXP(XB(II,1));
IF D1 = 1 THEN DO;
L = L//(C(IT,)#(XB(II,|)-LOG(RS))):;
\% = V//{(C(|T,|)#( X(|I,|)-DRS/RS8) ) ;
RST = RST//RS;
END;
IF N < OBS THEN GOTO A;
LL = L(l+,1); FREE N L, RS DRS TT0 TT1;
RETURN; '
LIKED: Vv = V’;
DL = V(I|,+]);
CL = =V*V’; FREE V;

RETURN;
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Chapter VIII

SUMMARY AND CONCLUSIONS

The aim of this study has been to investigate the process
of re-employment of Finnish unemployed persons using both
the search theoretical and microeconometric approaches. In
the following the course of the study with the main results
are summarized.

For the econometric analysis of re-employment a sample
of 2077 unemployed workers was drawn from the register of
the Ministry of Labour. Every hundredth individual was
picked for the sample from the flow into unemployment
during 1985. The persons were followed until the end of
their spells of unemployment, but at most to the end of
1986. Therefore the data set includes censored
observations, which are rather common i1n econometric
studies of unemployment duration. The information of
unemployed persons’ annual income and taxable assets was
compiled from the tax register. The information on the
basic unemployment allowance and the earnings-related
unemployment allowance during the unemployment period was
compiled from the unemployment allowance register of the
Social Insurance Institution and the bank Postipankki,
respectively. The data are fairly rich on individual
characteristics and labour market specific variables. The
interest of this study is on the effects of unemployment

benefits on the duration of unemployment. This is the first
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Finnish econometric study where the levels of unemployment
benefits are available. In addition the effects of
education on the duration of unemployment were studied.

A well-known result of search theoretical models is
that the unemployment benefits have a disincentive effect
on becoming employed. It i1s shown in Chapter III, however,
that a higher re-employment probability can be achieved by
paying stingy benefits during the spell of unemployment,
but on the other hand the loss in the welfare of the
workers can be offset by paying generous benefits to the
persons who find jobs. This kind of system represents the
"stick" and "carrot" approach, which decrease the
selectivity and increase the search intensity of unemployed
workers more effectively than just the cutting of benefits.
Benefits related to the regional and occupational mobility
and re-employment bonuses are means of increasing the re-
employment probability and welfare of unemployed persons.
According to the results in Chapter III the welfare of
unemployed persons can be increased by removing the waiting
period for benefits. It is shown that the waiting period
does not substantially increase the re-employment
probability. On the other hand, the incentive towards the
re-employment can be effectively increased by removing the
rules of regional and occupational mobility and reducing
benefits after a permitted period of higher benefits. These
kinds of changes in the UI system would increase the
incentive towards short durations of unemployment.

In the econometric study of Chapters IV - VII some
factors decreasing the probability of becoming employed

were investigated. Aged persons are apt to incur problems



257
in finding acceptable offers. They are less prone to move
and change occupations than the younger persons. The
persons who came from housework have lower probabilities
than the others. Training for further employment was found
to help the re-employment. A reason for concern 1s that the
replacement ratio of benefits has a negative effect on the
probability of becoming employed. This is not a general
result, however.

More detailed analysis shows that the receipt of
benefits has a smaller negative effect for the earnings-
related unemployment allowance than for the basic
unemployment allowance. In addition it was found that the
level of the replacement ratio for the recipients of the
basic unemployment allowance had a negative effect on the
probability of becoming employed, but for the recipients of
the earnings-related allowance the effect was not
statistically significant. One reason. for this is that the
elements of the incentives of the UI system are more
efficient for the recipients of the higher earnings-related
unemployment allowance. The risk of losing benefits matters
more for the persons obtaining higher benefits. In addition
the reductions of benefits are only applied to the
earnings-related allowances.

The study of the time-dependent effects of unemployment
benefits in Chapter V revealed that the effect of the
replacement ratio was negative but statistically rather
weak during the first three months. After that period the
effect vanishes for the members of labour unions. For the
non-members the negative effect decreases substantially.

The reasons for the positive shift of the effect of the
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replacement ratio can be found from the features of the UI
system. The eligibility rules of benefits become stricter,
so that the persons who are reluctant to move or change
occupations may lose their benefits after the first three
months. Furthermore the earnings-related benefits decreased
20 per cent after the hundredth day of unemployment. The
reductions of earnings-related unemployment allowances
increase the incentives for the re-employment after the
hundredth day of unemployment. After that the effect of the
replacement ratio obtains a positive shift, but the effect
of the replacement ratio does not statistically differ from
Zero.

The effects of education on the duration of
unemployment are not straightforward. It was found that the
level of education is positively related to the re-
employment probability within the relatively low levels of
education, but in the higher levels the relationship turns
negative. The level of education is positively related to
the arrival rate of job offers and well-educated persons
get better job offers. On the other hand, well-educated
persons have higher costs of re-employment and therefore
higher reservation utilities. Hence the persons with the
highest levels of education have fewer acceptable offers
available. The persons with 13 - 14 years of formal
education have the highest re-employment probabilities.

The results of the parametric models are complemented
by the semi-parametric models in Chapter VII. The
unemployment benefits have a disincentive effect on
becoming employed during the first months, but after that

the stricter rules of eligibility increase the incentives
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for getting a job. Alternative methods were developed in
order to study the effects of the risk period and
reductions of benefits on the duration dependent baseline
hazard. After the first three months the baseline hazard
turns 1ncreasing for the members of labour unions. For the
non-members the effect is less distinctive. Upon the
hundredth day of unemployment the earnings-related
unemployment allowances decrease by 20 per cent. Just after
the reduction the baseline hazard increases about 100 per
gent .

The previous results concerning the effects of
unemployment benefits are, however, not so straightforward.
The system of earnings-related unemployment allowance has
also other incentive effects on the re-employment. The
rules of the unemployment insurance require that the
recipients of these benefits must have been working before
the unemployment. This requirement makes the intermittent
employment more attractive for the members of labour unions
than it would otherwise be, because the value of search
related to re-employment is higher for them. This
theoretical result is supported by the empirical finding
that the members of labour unions have higher probabilities

of becoming employed.
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Tiivistelma

Tutkimuksessa tarkastellaan tyottdmien tydllistymiseen vai-
kuttavia tekijditad sekd etsintdteoreettisen etta yksilo-
tason tutkimusaineistoon perustuvan ekonometrisen tutkimuk-
sen avulla. Tutkimusaineistona on 2077 tydttdmé&n otos, joka
koottiin tata tutkimusta varten tydévoimaministeridn tydnha-
kijarekisteristd. Otokseen valittiin joka sadas vuonna 1985
tyottdmaksi tullut. Tyottdmyyttd seurattiin tyodttdmyyskau-
den loppuun saakka, mutta enintdan vuoden 1986 loppuun as-
ti. Tutkimusaineistoon yhdistettiin verotusrekisterin tie-
toja sekd paivarahatiedot Kansanelakelaitoksen ja Postipan-
kin rekistereistd. Erityisend mielenkiinnon kohteena on
miten tyoéttdédmén taloudellinen asema sekd koulutus vaikutta-
vat tyottdmien tydllistymiseen sekd alueelliseen ja amma-
tilliseen liikkuvuuteen.

Tyottdmyysturva parantaa tydéttdman taloudellista asemaa
luomalla taloudellisia edellytyksid sopivan tyodpaikan va-
lintaan, mutta toisaalta se on ongelmallinen, koska korkea
tyottomyysturva heikentdd tydvoiman saatavuutta pidentamal -
14 tyottdmyyden kestoa ja vahentamdlld tydvoiman alueellis-
ta ja ammatillista liikkuvuutta.

Erééﬁé tutkimuksen tavoitteena oli selvittd&a, mitka
tydntekijadryhmat muodostuvat ongelmalliseksi tydllistymisen
kannalta ja herattaméan kysymyksida jarjestelmdn toimivuuden
parantamiseksi. Ikdantyneiden henkildiden tyodllistaminen on
osoittautunut ongelmalliseksi mm. siitd syystd, ettd heidan
muutto- ja ammatinvaihtotodenndkdisyytensd on vahainen.

Myds kotitydstd ja muualta tydvoiman ulkopuolelta tulevien
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tydllistyminen on vaikeaa. Korkeaa tyoéttdmyysturvaa saavien
tydllistaminen on ongelmallista. Joillekin henkildille
tyottdmyysturva ja vapaa-aika sindnsd muodostavat riittavan
hyvinvointitason, joten tydéntekoa pienelld palkalla voidaan
pitda& huonompana vaihtoehtona kuin tyottomyytta.

Tutkimuksessa jarjestelmdd tarkastellaan tydémarkkinoi-
den tehokkaan toimivuuden kannalta. Toimivilla tyodmarkki-
noilla tyodttémilld on mahdollista 1léytdd nopeasti heille
sopilvaa tyotd ja vastaavasti tydnantajilla léytdd nopeasti
sopivaa tyovoimaa. Voidaankin kysyd miten tydéttdmyysturva-
jadrjestelmda voitaisiin muuttaa, ettd tydmarkkinoiden toi-
mivuus paranisi.

Tutkimuksen mukaan tydllistymistd voitaisiin edistaa
siirtymdlla niukempaan tyoéttdmyyden aikaiseen ja runsaam-
paan tyodllistymiseen liittyvadan tukeen. Tydllistymisen to-
dennakdisyyttd edistavat tyodllistymistuet maksettaisiin
tyottomédlle tyodllistymisen yhteydessd. Esimerkiksi muutto-
avustusten korottaminen sekd erorahan ja osaksi tyottdmyys-
paivadrahan maksaminen tyodllistymisen yhteydessd olisivat
tdllaisia keinoja. Padivarahojen osittainen maksaminen vasta
tydllistymisen yhteydessd toimisi tydllistymistd kannusta-
vammin kuin vastaavansuuruisen paivadrahan osan leikkaami-
nen,

Tyottomyysturvajdrjestelmdlla voitaisiin kannustaa myds
nopeaa tydllistymistd. TyottdOmyysturva voisi olla suh-
teellisen hyva tyottdmyyden alkuvaiheessa, mutta mikali
tydtdntd halutaan kannustaa tyodllistymddn, tyottdmyysturvan
tulisi huonontua tyottdmyyden pitkittyessa. Kaikkien paiva-
rahaan oilkeutettujen tyottémien taloudellista asemaa vol-

taisiin parantaa poistamalla tyottdémyyspdaivadrahojen omavas-
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tuuaika, koska omavastuuajalla ei ole juurikaan tydllisty-
mistd edistdvad vaikutusta.

Tydllistymistd voitaisiin merkittavasti edistaa poista-
malla tyoéttdmyysturvalaista paivarahojen alueellista ja
ammatillista liikkuvuutta koskeva suoja ja ottamalla kayt-
tdédn ns. ansioturvan alenemat. Tutkimustulosten mukaan kol-
men ensimmaisen tyottdmyyskuukauden aikana voimassa oleva
liikkuvuutta koskeva suoja passivoli tydllistymistd. Ale-
nemat olivat tutkimusajanjaksolla 20 prosenttia sadannen
tydttdmyyspdaivan kohdalla. Tulosten mukaan tydllistymisen
todennadkdisyys kasvoil alenemien toteutumisen jalkeen.
Vuodesta 1987 vuoteen 1989 saakka pdaivarahat alenivat 200.
tyottomyyspaivan jalkeen 12.5 prosenttia. Tyoéttdmyyspaiva-
rahojen alenemat poistettiin wvuoden 1989 heinakuun alusta
alkaen. Alenemien kayttddnotto kannustaisi tydttdmia no-
peampaan tyodllistymiseen.

Tyottoémyyspaivarahajarjestelmd on kannustinvaikutusten
osalta epayhtendinen perus- ja ansioturvaan oikeutetuilla
henkil®illa, silléd ansioturvaan sisaltyy perusturvaa enem-
man tyollistymistd kannustavia piirteitd. Vain ansioturvas-
sa on alenemat. Samantyyppinen piirre on myds se, ettd an-
sioturva on ajallisesti rajoitettu. Lisdksi ansioturvassa
on tyodssdoloehto, joka lisdd henkildn kiintedmpia yhteyksia
tydmarkkinoihin. Se lisdd tydllistymismotivaatioita, silla
vain riittavan pitkddn tyodssda olleet tydttdmat ovat oikeu-
tettuja korkeampaan ansioturvaan. Taman vuoksi ansioturvaan
oikeutettujen tyottémyyskassan jdsenten tydllistymisen to-
denndkodisyys on muita suurempi.

Koulutusta voidaan tarjota erddnd ratkaisuna tyottd-

nyysongelmaan, silld aikuiskoulutuksella voidaan merkitta-
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vasti edistdd tydllistymistd. Kuitenkin tyodllisyyspolitii-
kassa olisi tarkoin ja yksildkohtaisesti harkittava, missa
maarin ikaantynyttd henkildd olisi koulutettava uusiin teh-
taviin, ja miss& mdarin hénen toimeentulonsa olisi pyrit-
tdva varmistamaan tyottomyysturva- tai eldkejdrjestelmien
avulla.

Tédssd tutkimuksessa tarkasteltiin kuitenkin keskeisim-
min peruskoulutuksen merkitysta tydllistymisessad. Tydttdmi-
en korkeampi peruskoulutus edistdd merkittavasti tydllisty-
mistd tiettyyn rajaan saakka, mutta korkeimmat koulutusas-
teet muodostuvat usein esteeksi nopealle tydllistymiselle.
Nopeimmin tydllistyvat ne, joilla on 13 - 14 vuoden perus-
koulutus. Koulutus lis&a tydétarjousten saannin todennakdi-
syyttd ja parantaa tyodtarjouksia, mutta korkea koulutus
merkitsee useimmiten mydskin korkeampia tydllistymiskustan-
nuksia. Ne saattavat liittya& joko uudelleen koulutukseen
tali muuttoon uudelle tydssédkayntialueelle. Naistd tekijois-
td johtuen koulutus lisdd mydskin tyodntekijdn vaatimus-
tasoa, mikd johtaa siihen ettd korkeasti koulutetut saavat

vdhemman hyvaksyttavissa olevia tydtarjouksia.
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