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1. INTRODUCTION 

Evidence accumulated over the last two decades has shown the dynamic 
character of the U.S. labor market, where large flows of individuals move 
each month between employment, unemployment and non-participation 
(Marston, 1976). 

The purpose of this paper is to formulate and estimate a microdynamic 
reduced form model for the transition between unemployment and non- 

mnstant a vector of personal characteristics, and to examine whether this 
empirical relationship is robust across different model specifications. - 

The tools utilized to perform such analysis are those recently developed by 
the econometric literature on duration data (hazard models). Moreover, 
this paper exploits an entirely new data set, the Survey of Income and 
Program Participation (SIPP), which contains weekly information on the 
labor force status of a large sample of individuals for a period as long as 
36 months. 



The discourage othesis has been extensively tested in the 1960's 
using aggregate data, both cross-sectional (Bowen and Finegan, 1969) and 
time-series (Tella, 1965). This paper extends such previous work by utiliz- 
ing individual-level spell duration data. 

. -  - 

If one were interested in how labor market conditions 
affect the probability that an individual is found out of the labor force, 
then cross-sectional data and discrete-choice econometric techniques would 
be appropriate. However, the dynamic dimension of the problem is likely 
to be the more relevant from a labor policy point of view. 

The plan of the paper is as follows. Section 2 briefly presents the use of 
duration models applied to transitions in the labor market. The discussion 
touches upon the issue of initial conditions (left censoring) and on the use 
of the competing risks model to allow for a three-state transition process. 
Section 3 describes the Survey of Income and Program Participation (SIPP) 
from which the sample used in the empirical estimation has been drawn. 
Summary statistics are presented on average duration of unemployment 
spells, together with non-parametric estimates of the survivor function for 
these spells. In section 4 estimation results are presented for a variety' of 
parametric hazard models for the UO transition. Section 5 summarizes the 
results. 



2. DURATION MODELS 

Hazard models have many advantages compared with traditional regression 
techniques when dealing with duration data (i.e. when investigating the 
relationship between the outcome of a process that takes place over time 
and a set of explanatory variables, some of which might vary during the 
process). 

. - 

control for explanatory variables thet are not fixed during the spell, while 
the independent variables in a regression can assume only a single value for 
each observation. The unemployment rate, which is crucial in testing the 
discouraged worker hypothesis, is one example of a variable that can vary 
over the course of the spell. 

A detailed discussion of econometric duration analysis is beyond the scope 
of this paper. This section sets out the essential ideas needed in the rest 
of the paper. For an exhaustive survey of standard survival analysis the 
reader is referred to Kalbfleisch and Prentice (1980), 

The hazard function 

Let T be a continuous random variable representing duration in state i. 
The probability density function of T is: 

f i ( t )  = lim 
P ( t  < T <  t + A t )  

A t - 4 0  A t  

The hazard function h,(t ) specifies the instantaneous rate of escape from 
i a t  time t ,  conditional upon survival to t.  It is defined as: 



h i ( t )  = lim 
P ( t  < T 5 t  + A t  1 T > t )  - - f i ( t )  

A ~ - + o  A t  s i ( t )  (2) 

where 

is defined as survivor function. Since 

integrating, we obtain 

t dlog S , ( u )  /O h i ( u ) d u  = /o - = - log S i ( t )  
d  u 

from which 

is derived. 

The latter result is of fundamental importance: ( 5 )  together with ( 2 )  allow 
the complete characterization of the density function in terms of the hazard 
function: 

Duration dependence is said to  exist if d h ( t ) / d t  # 0. The only duration 
density with no duration dependence is the exponential distribution. For 



this case h(t)=h, a constant: and T above is an exponential random variable. 
If dh(t)'/dt < 0 at t = t o  there is said to exist negative duration dependence 
a t  t o .  One of the most widely used duration distribution is the the U'eibull, 
with hazard function 

which exhibits monotonically negative duration dependence if X < 1, pos- 
itive if X > 1, and collapses to an exponential in case of equality. Other 
distributions, e.g. the lognormal, allow for non-monotonic duration depen- 
dence. 

A useful method to evaluate non-parametrically some of the feature of the 
hazard is to estimate the sample survivor function via the Kaplan-Meier or 
product limit estimator: 

where dt is the number of items which fail at t and nt is the number who 
survives up to  at  least time t. 

A non-parametric check for the adequacy of the Weibull distribution is 
obtained by plotting log(- log(S(t)) ) against log(t). Given the U'eibull 
survivor function 

clearly Iog(- log (S(t )) ) = X (log t + log a). The plot should give approxi- 
mately a straight line, the slope of which provides a rough estimate of A. 
An example of such plot is presented in figure 3 in the next section. 



The conditional hazard function 

By analogy with conventional regression models, in econometric duration 
analysis it is common to consider conditional duration distributions, or 
equivalently conditional hazard functions, where the conditioning is with 
respect to observed (z( t  )) and unobserved (B(t )) variables. 

The conditional hazard can be defined as: 

h,(t 1 z(t) B(t)) = lim 
~ ( t  < T I  t + ~ t  1 T >  t z ( t ) e ( t ) )  

A t - 0  A t  (10) 

Duration models have many advantages with respect with traditional re- 
gression techniques. One reason is that regression techniques are unable 
to deal with censored observations (spells which are not completely ob- 
served because they are in progress either a t  the beginning or at  the end 
on the sampling period). hloreover, hazard models allow one to control for 
explanatory variables thet are not fixed during the spell, while the inde- 
pendent variables in a regression can assume only a single value for each 
observation. 

Once a parametric functional form is assumed for the conditional hazard 
function? its parameters can be estimated by maximum likelihood, utilizfng 
spell duration data. The likelihood function is formed in the following way: 
right censored spells would contribute only the survivor function to the 
likelihood, since the only information they convey is that the spell is at  
least t periods long. Completed spells enter the likelihood with the entire 
right hand side of (6). Discussion of left censoring in deferred to  the end of 
this section. 

The main problem with the estimation of duration models is that usually 
the economic theory does not produce a "structural" functional form for the 
dependence of the hazard function on observed and unobservable variables. 
The common practice in duration analysis is to use a reduced form speci- 
fication for the hazard. The behavioral interpretation of the reduced form 



estimated parameters becomes obviously problematic, since they represent 
"net effects" of the explanatory variables on the hazard. 

The parametric functional form utilized in this work is of the proportional 
hazard function class, with a flexible Box-Cox specification of duration 
dependence (see Flinn and Heckman, 1982a). 

tX1iJ - 1 tAzIJ - 
ht j ( t )  = exp I X ( T  + t ) p l j  + ~ l j ,  + 72rj 

A l i j  A.2; j 
i (11) 

where r represents calendar time, X() is a vector of (possibly) time varying 
explanatory and control variables, t represents the duration of the spell, P,, , 
7v and A,, are transition specific parameters to be estimated by maximum 
likelihood procedure. 

The above specification has some very convenient properties. Exponenti- 
ation guarantees non-negativity of the estimated hazard. The log of the 
likelihood function is separable in the transition specific hazard functions. 
so each parameter vector [ $,,, y,, , A l j  ] can be estimated using type i spells 
only. The Box-Cox specification of the duration term encompasses a variety 
of duration dependence forms frequently found in the literature: restrict- 
ing A,,, = 0 and ~ 2 , ~  = 0 produces a Weibull, or logarithmic specification; 
XI,, = 1 and 72,, = 0 produces a Gompertz specification. Restricting the 
A,,'s to be integers, produces a quadratic specification. The most common 
forms of duration dependence employed are the logarithmic (Weibull) and 
the quadratic: estimation results for these specifications are reported in the 
following section. 

The issue of unobserved het.erogeneity 

The issue of the potential impact of unobserved heterogeneity on the esti- 
mation needs to be briefly addressed. A number of techniques have been 



recently developed to handle the difficulties created by the presence of unob- 
served heterogeneity in duration models. One method is t,o assume that the 
unobserved heterogeneity component in drawn from a (flexible) parametric 
distribution (such as gamma or log-normal). Heckman and Singer (1984) 
demonstrate that an incorrect assumption about the parametric form of 
the distribution of the unobserved heterogeneity component can lead to 
grossly incorrect inference about duration dependence, as well as about the 
effect of other covariates. The two authors strongly recommend the use of 
non-parametric methods. Although some progress has been made to design 
such methods, they are still in their infancy, especially with respect to  mod- 
els with time-varying covariates and with a competing risks specification. 
For this reason no attempt is made in this paper to explicitly control for 
unobserved heterogeneity. 

The competing risks model 

The results illustrated in the first paragraph of this section apply only to a 
two-state model, or to an higher dimensional model if transitions from state 
i are possible to only one of the remaining states. The latter restriction is 
not plausible in the context of three-state model of labor force dynamics, 
where an unemployed person can be considered at risk of both getting a job 
and dropping out of the labor force. This is the rationale for the application 
of the competing risks model, developed by the biostatistics literature to 
take into account the possibility of multiple causes of death (see Kalbfleish 
and Prentice, 1980). In this model, an observed transition to state j ( i.e. 
a completed spell of type i$ represents a t  the same time a right censored 
spell of type ik, since the individual was also at  risk of transiting to state 

The density of (completed) spells of type ij is then 



where the last exponential term represents the survivor function for a spell 
of type, ik. 

When right censored, a spell of type i enters the likelihood in the following 
way: 

t 

I,' ~ , ( t )  = expj-  h i j ( u ) d u ]  exp!- /o h , , ( u ) d u j  (13) 

Here the rationale for the competing risks model is even more intuitive: a 
spell for which the destination state is not observed is potentially of both 
type tj' and ik. 

It can be noted, however, that the log likelihood factors into transition 
specific components: the parameters of the hij hazard can be estimated by 
maximizing only the following log likelihood function: 

where 6 is equal to zero if the spell is right censored or if the spell terminates 
in state k,  and equal to one otherwise. The summation runs over all spells 
of type i. 

The initial condition (left censoring) problem 

Most of the duration analysis literature assumes that the origin date of 
each sampled spell coincides with the start date of the sample. i.e. there 
are no left censored spells. However, this condition is not met by most of 
the longitudinal survey sampling schemes, including SIPP. 

Left censored spells do not have the same distribution as spells that start 
after the beginning of the sample, since they are not a random sample from 



the population of spells. The reason is intuitively clear. While individuals 
that enter the state a t  each instant after the start date represent flows, 
individuals with a spell in progress at  the onset of the survey represent a 
stock. Such stock is formed by the "survivors" of all the preceding cohorts 
of entrants (flows), and has, in general, a different composition .from the 
"typicaln flow (even assuming time stationarity). Spells sampled a t  a par- 
ticular moment in time are defined as length biased since the probability 
of being sampled is proportional to their length l .  The only case where 
flows and stock have the same composition is when the distribution of spell 
lengths is exponential (i.e. the hazard exibits no duration dependence) and 
the population is homogeneous, conditions which are unlikely to be met in 
most situations arising in the social sciences. 

Under certain conditions, the solution of the initial conditions problem can 
be that of excluding left censored spells from the estimation, which is equiv- 
alent to "sampling the flows". Heckman and Singer (1984) have shown that, 
in a time homogeneous environment with no unobservable heterogeneity, 
using only spells that begin after the start date of the sample gives ineffi- 
cient but consistent parameter estimates. This is the solution adopted in 
this paper. Excluding left censored spells here has the additional advantage 
of being able to observe, for all cases. the labor force state the individuals 
occupies before the current unemployment spell. The loss of efficiency is 
not really an issue, given the size of the remaining sample. 

' A  tangible example of length bias is offered in table 3.1 below 



3. THE DATA 

The Survey of Income and Program Participation (SIPP) is a longitudinal 
survey designed primarily to collect information on income and transfers 
recipiency from various government sources. It contains also detailed in- 
formation on labor force status, wage and other characteristics relevant to 
labor market studies. 

The survey is organized according to the following design. Starting with 
1983, and in every year thereafter, a probability sample of the US non- 
institutional population is selected: each sample is called a "panel". A 
panel is interviewed every four months for a period of about three years 
(32 months). Each interview is defined as a "wave". Within each wave, 
interviews are conducted according to a staggered design: one fourth of the 
sample is interviewed every month. Each such fraction is called a "rotation 
group". The data utilized in this study are drawn from the 1984 panel, first 
interviewed in October 1983. The data cover the period from June 1983 to 
March 1986 (first 8 waves). The initial sample size of the 1984 panel was 
of 20,000 households. 

Labor force status variables is recorded for each single week in the reference 
period (i.e. the 17 or 18 weeks preceding the interview). From the raw data 
I constructed weekly labor force histories, where in each week individuals 
are classified as having a job, looking for work (or on layoff from a job), 
or, residually, as out of the labor force. After selecting out children (aged 
15 or less) and those individuals that were not present in the survey for 
a t  least three subsequent interviews, a sample of size 35,300 was obtained. 
Of these, 16,200 were continuosly employed during the entire time on the 
survey, 9,500 were continuosly out of the labor force. The remaining 9,600 
changed labor force status at  least once during the survey period, or were 
continuously unemployed. 'I. 

The weekly labor force histories were then utilized to construct spell dura- 
tion data. For each spell of employment, unemployment or non participa- 
tion, a number of items were computed: 



i )  length of the spell in state i; 

ii) a censoring indicator; 

i i i )  destination state j or k, when the spell is completed within the sampling 
frame; 

iv) previous state j or k, when the spell begins after the start date of the 
sample; 

v) the serial order of the spell since the start of the survey; 

vi) the calendar week of start; 

vi) a vector of covariates, which can be either fixed (i.e. a t  the value they 
had at  the onset of the spell) or time-varying (in which case the entire, 
usually monthly, time path of the variable was recorded). 

Table 3.1 reports average durations (expressed in weeks) of unemployment 
spells for the male subsample. Table 3.2 reports the same results for women. 
In the upper panels of these tables the spells are broken down according 
to their censoring status (rigth censored, left censored, completed ending 
in employment (UE) and completed ending in non-participation (UO) ), 
and then according to age group and race. In panel (a) all the observed 
spells are utilized, while panel (b) represents a restricted sample, containing 
only the first non left censored spell for each individual ever observed to  
be unemployed over the sampling frame. Purpose of this restriction is 
to  to  avoid oversampling of individuals with multiple spells (discussion of 
this issue is deferred to section 4 below). Durations are uniformly higher 
when only one spell per individual in considered, as expected, since, over 
a fixed time frame, repeated spells are on average associated with shorter 
durations. 

Average durations of right and left censored spells clearly show the effect 



of length bias: ( i.e. spells that are in progress a t  a particular point in 
time have higher mean duration that those observed over a period of time). 
The figures reported for censored spells represent averages of their observed 
portions only: nevertheless, these average incomplete durations are between 
two and three times longer than the average duration of completed spells. 
Spells that are both right and left censored have been considered as left 
censored (their number is relatively small, 37 for men and 11 for women): 
most of these spells belong to individuals who left the sample before the end 
of the survey. Their average duration is in fact 77 and 64 weeks respectively, 
while the total sampling frame is 140 weeks. 

The overall pattern of duration across genders and age and racial groups 
confirm the qualitative results obtained in the past from other data sets. 
The novelty here is that spells are broken down by "destination state ", i.e. 
the labor force state entered when the unemployment spell ends. Blacks, 
men and mature individuals tend to have longer spells than their counter- 
parts, and this pattern is more pronounced for UE spells than for UO spells. 
UO spells are relatively more frequent for blacks, women and young people, 
i.e. for groups with traditionally a lower degree of labor market attache- 
ment. €bm$&d- ~.. 

dkww: 

The lower panels of tables 3.1 and 3.2 contain a breakdown of mean du- 
rations according to destination state and "previous state" (i.e. the labor 
force state from which the individual entered unemployment). The previ- 
ous state has a relatively scarce impact on the duration of UE spells, while 
for UO spells, previous employment produces an average duration between 
two and three times longer than previous non-participation. These results, 
paired with those reported in the following two tables, suggest that previous 
state is an important predictor of the outcome of an unemployment spell, 
especially when analyzing UO spells. These results suggest also that the 
Markovian assumption widely used in labor market studies (the future de- 
pends on the past only through the present state) is grossly inappropriate, 
at  least when population heterogeneity is not controlled for. 



Table 3.1 AVERAGE DURATION OF UNEMPLOYMENT SPELLS - MALE SUBSAMPLE 

(a) 0 1 1  spe l l s  

subpopulotlon neon s t d  dev 

fo r  e n t i r e  populot lon 11.4 14.8 

(b) f i r s t  s p e l l  on ly  

subpopulot ion r eon  a t&  dov 

f o r  e n t i r e  populat ion 12.5 14.6 

r l gh t  censored s p s l l s  
090 17-24 

non block 
black 

r i g h t  censored spe l l8  25.9 24.1 
090 17-24 23.9 23.3 
. non b lock 21-4 19.3 

block 30.9 31.5 

090 25-64 
non block 
block 

age 25-64 26.8 24.5 
non b lock 25.7 24.0 
b lock  31.2 26.0 

I e f t  censored spe l l s  
oge 17-24 

non block 
block 

ope 25-64 
non block 
block 

conpleted spe l l s ,  ue 11.4 12.2 
09. 17-24 10.7 10.7 

non b lock 10.2 10.0 
b lock  15.5 13.5 

completed spel ls .  ue 
oqe 17-24 

non block 
block 

090 25-64 
non block 
block 

oge 25-64 11.9 13.1 
non b lock 11.7 12.8 
b lock  13.6 13.1 

completed spel ls .  uo 10.5 13.4 
oge 17-24 8.7 11.7 

non b lack 8.1 11.2 
b lock  10.4 42.7 

completed spel ls .  Lo 
oge 17-24 

non block 
block 

oqe 25-64 
non block 
block 

09s 25-64 1 2 .  14.9 
non block 12.0 14.8 
b lock  14.1 15.1 

(c) a l l  spe l l 8  

(d) f l r a t  s p e l l  on ly  
t o  employed 0 .  12.1 4804 

from omployed 9.1 10.8 3281 
from out of  1 . f .  I .  11.9 733 
f r on  I e f t  cenrored 16.9 15.0 790 

t o  r p l o y e d  11.4 12.2 
from employed 11.4 12.3 
from out of  1.1. 11.3 11.7 

t o  out of 1.1. 8.9 13.9 2249 
I r o n  employed 12.5 13.5 425 
f roa  out o f  1.1. 5.0 9.1 1504 
from I e f t  censored 22.0 21.6 320 

t o  o u t o f  1.1. 10.5 13.4 
from employed '. 15.0 14.9 
f r o a  out of  1.1. 8.3 12.1 

t o  r l q h t  censored 22.4 24.4 782 
from oaployed 17.5 19.2 554 
from out o f  1.1. 25.2 22.0 189 
from l e f t  csnsored 77.5 31.4 39 

t o  r l q h t  censorsd 25.9 24.1 
from employed 25.9 25.4 
l r o n  out of  1 . f .  25.7 20.3 



Table 3 . 2  AVERAGE DURATION OF UNEMPLOYMENT SPELLS - FEMALE SUBSAMPLE 

(b) f i r s t  s p e l l  o n l y  (a) o l l  spe l l s  

rubpopulot lon neon r t d  dev coro. subpopulation noon r t d  dev cosos 

r i g h t  censored s p e l l s  20.3 19.9 214 f o r  e n t i r e  populat ion 9.3 12.0 7167 
oge 17-24 18.5 17.3 74 

non b lock  17.1 17.4 57 r l g h t  censored s p o l l *  18.9 18.0 512 
b lock  23.0 16.5 17 age 17-24 18.8 18.4 193 

non b lock 18.0 19.3 146 
oqe 25-64 21.3 21.1 140 block 21.2 15.5 47 

non b lock 21.1 22.2 116 
b lock  22.3 15.3 24 oge 25-64 19.0 17.7 319 

non b lock 18.3 18.1 263 
block 22.0 15.5 56 

I a f t  censored spe l l s  
oga 17-24 

non b lock 
b lock 

age 25-64 
non b lock  
b lock  conplelod spe l l s ,  uo 

090 17-24 
non b lock  
b lock  

completed ape l l s ,  ue 
age 17-24 

non b lock 
b lock  age 25-64 

non b lock  
b lock  090 25-64 

non b lock  
b lock completed spe l l s .  uo ' 

age 17-24 
non b lack 
b lock  

completed spe l l s .  uo 
090 17-24 

non b lock 
b lock ago 25-64 

non b lack  
b lock  090 25-64 

non b lock 
b lock 

(d) f i r r t  s p e l l  on l y  
(c) 0 1 1  spe l l 8  

t o  employed 
from onployed 
from out 01 1 . f .  

t o  omployod 
from employed 
from out o f  1.1. 
from t o f t  censorod t o  o u t 0 1  l . f .  

from omployod 
from out o f  1.1. t o  out of  1.1. 

from employed 
lrom out of  1.1. 
from l o f t  consorod t o  r i g h t  censored 

1 rocr omployod 
from out o f  1.1. t o  r i g h t  censored 

l rom employed 
from out of  1.1. 
from I o l t  cenrorod 



Tables 3.3 and 3.4 contain a breakdown of spells on the basis of the previous 
and destination spell. Panels (a) contain data for the entire sample, while 
(b) and (c) are again restricted to  the first non left-censored spell for each 
individual. In panel (c) the counts are relative to completed spells only. 
From the row margin of panel (c) we obtain that 73 per cent of completed 
unemployment spells end up in employment for men? vs. 53 per cent for 
women. This result bears a close resemblance to that obtained by Clark and 
Summers using CPS gross flows (Clark and Summers, 1979). This fact is 
particularly interesting, since CPS flows data derive from monthly discrete 
observations, while SIP P spell data are based on continuous measurement 
(moreover, the reference period is quite different in terms of the overall 
state of the economy). 



Table 3.3 BREAKDOWN OF UNEMPLOYMENT SPELLS BY PREVIOUS AND 
DESTINATION STATE - MALE SUBSAMPLE 

OESTINATION STATE 

WLOYtJ) OUT OF RICH1 ROW 
L.F. CENSORED TOTAL 

PREVIOUS STATE t 
77.0 10.0 13.0 4260 

WLOYEO / 3 I 18.9 I 70.8 I 54.4 

i 30.2 i 62.0 
OUT OF L . f .  13.3 66.9 ] ,::: i :t2: 

.I I 8 1 27.9 1149 
LEFT CENSORED 16.4 14.2 I : 1 14.7 + k 

COLW 4804 2249 782 7855 
TOTAL 61.3 28.7 10.0 100.0 

OESTIMTION STATE 

COL PCT WLOYCD OUT OF RIGHT I ROW 
L.F. C€NS6RED TOTAL 

PREVIOUS STATE t 

41 .O 51.6 7.5 993 
OUT OF L.F. I 19.8 I 7 . 5  I 26.5 1 32.1 

4 t 
COLW m 9  759 279 3097 

TOTAL 66.5 24.5 9 . 0  100.0 

OESTINATlO(J STATE 

ROW PCT I 
COL PCT . aPLOYE0 OUT OF ROw 1 C.F. TOTAL 

PREVIOUS STATE + 

44.3 55.7 919 
OUT OF L.C. I 19.8 I 67.5 1 32.6 

c----------c--.-------c I 

C O L W  2059 759 2818 
TOTAL 73.1 26.9 100.0 



Table 3.4 BREAKDOWN OF UNEMPLOYMENT SPELLS BY PREVIOUS AND 
DESTINATION STATE - FEMALE SUBSAMPLE 

OESTINATION STATE 

Row PC1 
W L O Y E D  OUT OF R ICHT ROW 

L.F. CENSORED TOTAL 
PREVIOUS STATE + 

69.2 19.8 11.0 2375 
WLOYEO 1 52.7 1 13.3 I 1 I 33.1 

25.8 67.9 6.3 3986 
OUT OF L .F .  1 33.0 I 76.8 1 47.8 1 55.6 

1.4 806 
LEFT CENSORED 14.3 2.1 1 11.2 

C O L W  3117 3527 523 7167 
TOTAL 43.5 49.2 7 .3  100.0 

OESTlNATION STATE 

W L O Y E O  OUT OF RICH1 
L . F .  CENXWID 

PREVIOUS STATE 4 
68.7 22.7 

W L O Y  €0 I 59.4 ! 22.1 a 1 12.3 

34.8 59.3 5.8 
OUT OF L .F .  1 40.6 1 77.9 1 47.7 1 

C O L W  1504 1334 2 14 
TOTAL 49.3 43.7 7 . 0  

OESTlNATlON STATE 

COL K T  W L O Y L O  OUT OF 
=Ow I C . C .  

+ t 

OUT O f  L.F.  I f :: I :::: I -- 
L O L W  1504 133. 

TOTAL 53 0 47  0 

Row 
TOTAL 

Row 
TOTAL 



The sample survivor function 

The sample survivor function is a useful representation of the duration 
pattern of the data. In fig. 1 the Kaplan-Meier or product limit estimator 
of the survivor function is reported for the sample of non left censored 
unemployment spells, with no selection on destination state (i.e. UO and 
UE spells are pooled together). The dashed lines represent a 95% confidence 
interval, computed according to  Greenwood's formula (see Kalbfleish and 
Prentice, 1980). By the 26th week (traditionally used as a cutoff point to 
indicate long-term unemployment) only about 15 per cent of men are still 
unemployed, and 10% of women. 

Fig. 2 contains estimates of the sample survivor function for UO spells only, 
based on to two different assumptions. The upper estimate represents the 
product limit estimate computed according to the competing risks specifi- 
cation: spells ending in employment are considered as right censored. The 
lower estimate is computed ezcluding UE spells. The large proportion of 
UE spells causes the two estimates to diverge dramatically, especially for 
men. The upper estimate assumes that the two causes of udeath" are in- 
dependent, while the lower assumes an extreme form of dependence: the 
unemployed who end up getting a job were never at risk of dropping out of 
the labor force, one risk excludes the other. 

One distinctive feature of these estimated survivor functions is the ex- 
tremely irregular shape, with sharp "steps" at  regular intervals. These 
"steps" would correspond to spikes in the hazard function. Such irregular- 
ities reveal a measurement problem with spell data obtained from SIPP, 
that has been defined as the "seam-transition" problem. Possibly due to  
recall bias, interviewees tend to  place the start date of spells in the first 
week of the each reference period. As a consequence. an abnormal number 
of transitions are observed at the seam between two waves. This produces 
"heaping" in the frequency distribution of spell duration, a t  values that are 
multiples of the length of the reference period. This is what is observed in 
fig. 2 around the 18th, 34th and 52nd week. The consequence of heaping 
is also visible in fig.3, which reports a plot of the log-log survivor function: 
linearity (Weibull distribution) holds between the "steps", but not overall. 
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4.  ESTIMATION RESULTS 

In this section estimation results are presented for several parametric spec- 
ifications of the UO hazard. All the estimates presented here are obtained 
from a sample containing only one spell per individual, the first non left 
censored spell observed. While some individuals appears with only one spell 
in the sample, others (almost 50%) have multiple spells. The rationale for 
the above selection is the following. In the parametric hazard specification 
used here. no attempt is made to control for the effect of unobservable het- 

, erogeneity on the probability of transition. If such unobservable component 
is significant and (as it is likely the case) is correlated across spells for the 
same individual, utilizing all the observed spells implies oversampling the 
"unobserved type" with multiple spells. The alternative could be that of 
weighting the data, a solution not pursued here. 

a)  Variables selection criteria and interpretation 

Time-invariant covariates 

A common set of explanatory variables is introduced in all specifications 
to control for the effect of observable characteristics on the probability of 
labor force withdrawal: this set includes age, education, race, marital status 
and residence in a metropolitan area. These variables are treated as time- 
invariant, in the sense that they are given the value they assume at the 
onset of the spell. 

Age squared is introduced in the hazard together with age to control for non 
linearities in the age effect. Individuals over 64 and below 17 are selected 
out of the sample in order to  exclude demographic groups with idiosyncratic 
labor force experience. Despite such restriction, the age effGEt maintains 
a Uconvexn pattern, with a minimum around age 35-40 (see table 4.1 and 
4.2). This suggests that the "employers think too young or too old" list,ed 
by the CPS (and also SIPP) questionnaire as a reason for not looking for 
work, is a relevant cause of discouragement, holding constant labor market 
conditions. It is interesting to notice how such convex pattern is more 



pronounced for men that it is for women. The interpretation could be that 
for women, since they are already disproportionately represented among 
secondary workers, the fact of being a t  the extremes of the age distribution 
has a less strong effect on the probability of discouragement than it has for 
men. 

Race is expressed as a dummy variable, equal to one for blacks, zero oth- 
erwise: the effect on withdrawal is generally positive, reflecting the scarcer 
labor market opportunities that blacks on average face. Marital status 
(equal to one if married with spouse present, zero otherwise) rarely shows 
a significant effect for men, although the sign is always negative. On the 
contrary, for women being married has a positive and significant effect on 
the probability of withdrawal. This is broadly consistent with the empirical 
evidence on the effect of marital status on the labor supply of women. 

Education is expressed in years of schooling completed. Together with mar- 
ital status, education is the variable that shows the most relevant difference 
between the two genders. While for men the effect of education is positive 
but almost never significant ', withdrawal is less likely for more educated 
women: the interpretation could be that for women education is a better 
proxy for labor force attachement than it is for men. 

One additional time-invariant explanatory variable is introduced in some 
of the specifications of the conditional hazard function: a dummy variable 
that takes a value of one if the individual was previously (i.e. in the spell 
immediately before the current one) employed. zero if s/he was out of the 
labor force. The motivation for such inclusion is two-fold. On one hand, the 
purpose is to  test the Markovian assumption frequently made in labor force 
studies, according to which future states depend on the past only through 
the present state. The estimated coefficient of such "previous state" vari- 
able shows a very strong and significant negative effect on the probability 

'The model of table 4 .1  was reestimated substitut.ing educat,ion as a continuous variable 
with two dummies, one representing attained college degree and the other high school 
diploma. For the male subsample, the estimated coefficients (standard errors) were 0.23 
(0.13) for college and -0.92 (0.089) for high school. Anlong women they were both negative 
and significant (respectively -0.27 (0.10) and -0.11 (0.058) 



of withdrawal, suggesting the presence of "lagged occurrence dependence": 
those that enter unemployment from non-participation have a much higher 
probability of interrupting their search efforts than those that previously 
held a job. Paraphrasing Heckman and Borjas (1981), non-participation 
seems to cause future non-participation. 

This results has also an alternative (and more ~lausible) interpretation, in 
terms of unobserved heterogeneity: some individuals have a lower labor 
force attachment than others, and this unobservable component is strongly 
correlated with previous labor market experience. The order of causal- 
ity here is different: it is not the previous experience which permanently 
"scars" the individual, causing subsequent withdrawal, but is the hetero- 
geneity component which "causes" both previous labor force state and fu- 
ture transition behavior. In the models estimated in b) below, previous 
state is controlled for with a dummy variable. In the following section, 
instead, the model is reestimated selecting on previous state. 

Time-varying covariates 

The motivation for one of the time-varying covariates has been discussed in 
section 3: in order to control for the abnormal number of transitions that 
take place at  the wave-to-wave seams, a dummy variable is utilized, which 
takes a value of one on the last week of each reference period, zero a t  any 
other time. The estimated coefficient of this variable always shows a very 
strong positive "effect", which merely reflects the existence of the measure- 
ment error. The estimated coefficient is always around 2.5, indicating that 
at  the seam the probability of transition is three and a half times higher 
than in all remaining weeks. 

Recipiency of unemployment insurance benefits has been introduced in the 
conditional hazard function as a dummy variable, equal to one if benefits 
were received during the month, zero otherwise. The choice of a dummy, 
instead of the more common replacement rate, is motivated by the fact that 
a fraction of unemployed in the sample were not previously employed, and 



for this group the replacement rat,e in not defined. Since spell duration 
is exp;cssed in weeks. monthly values of the dummy variable have been 
imputed to each week in the month. This introduces some "noisen in the 
data, but the alternative solution (aggregating duration data using months 
as a unit of measurement) would have been even more problematic, since 
a substantial proportion of spells are less than four weeks long. The same 
imputation procedure has been used for the local unemployment rate. Sea- 
sonally unadjusted monthly figures at the State level have been utilized for 
this variable. 



TMLC 4.1 E S T I ~ U ~ T ~  MZARI) P A R M T ~ S  feu TRANSITIOIJ BET WE^ ucw~onanf AND WOW-QARTICIPATION 

WN mum 
M A T  ION 
SPCCIfICATlCM L W I  T W I C  QUMlUT l C  LOCARI1)(UIC a IhmAT l C  

CXNST ANT - 1 .a94 - 2.237 - 1.764 - 2.066 
(5.09) (6.18) (6.46) .(7 .97) 

ACE /10 - 0.1140 - 0.086 - 0.191 - 0.220 
(4.49) (4 .04) (1.36) (1.65) 

ACE SOOARED 1100 0.119 0.124 0.027 0.031 
(5.111) (5. 39) (1.42) (1.72) 

EOOCATI~ /lo 0.007 0.095 - 0.336 - 0.341 
(0.60) (0.67) (3.20) (3 MI 

RACE 0.237 0.208 0.249 0.233 
(2.52) (2.26) (3.66) (3.30) 

WRlTAL STATVS - 0 124 - 0.004 0 106 0.110 
(1 17) ( 0  83) (8 71) (1 -1 

h) RESIDEMC IN METRO AREA 0 153 0 to* 0 029 0 ( U t  
4 (1.84) ( 2  27 )  (0  42)  (0  64) 

PREVIOUS SPELL - 1.3#3 - 8 e t 5  - ( W  - 1 237 
(10 1) 0 0  3 )  (1. 7 )  ($7 4) 

WAVE-TO-WAVE SEAM WUlV 2.669 2 ( I t 0  2 484 2.427 
(30.6) (29  0 )  (40.7) (36.7) 

RECEPIENCY OF 01 BENEFITS - 0.441 - 0.439 - 0.500 - 0.527 
(2.67) (2.78) (3.77) (3.96) 

1dCAL UNWLOYUCHT RATE/ldO 5.146 5.565 3.699 3.946 
(2.61) (2.07) (2.66) (2. 95) 

lOO(OUFIA1 ION) - 0.545 - - 0.604 - 
(15.5) (23.7) 

OWATION /10 - - 0.726 - - 0.04) 
(12.7) (16.3) 

OURATION SOUARfD /to0 0.068 - 0.077 
(10.3) (11.4) 

(abroluto voluo of ooyrptotlo t atatletla In poronthoror) 

M 3109 3169 3532 3332 

Rlaht conrorod rpollr 279 279 254 284 

1.00 L I K E L I ~  - ~09.9 - 3037.a - stss.5 - ssa.4 



b) Estimation results with alternative duration 
specifications. 

A baseline model is estimated with two alternative specifications for the 
duration term, quadratic and logarithmic. The results are shown in table 
4.1 . The size and significance of the estimated coefficients prove to be fairly 
robust across the two specifications. The unemployment rate variable shows 
a positive effect, for both genders, confirming the existence of a discouraged 
worker effect. The size of the effect is such that a one percent increase in 
unemployment, ceteris paribus, would cause about a 5 percent increase in 
the probability of withdrawal among men, 4 percent among women. 

Blacks are about 25 percent more likely to withdraw from the labor force 
than non-blacks, other things being equal. For men, education and marital 
status do not seem to have any discernible effect: for women one additional 
year of education reduces the probability of withdrawal by 3 percent, while 
being married increases it by 10 percent. Receipt of unemployment insur- 
ance benefits reduces the probability of leaving the labor force by more 
than 40 percent for men. 50 for women. This result matches with the 
negative effect traditionally found for UI recepiency on the probability of 
reemployment. It  should be stressed that in the current specification of the 
hazard the fact of being previously employed (which usually is a condition 
for C'I eligibility) is already controlled for by the "previous state" variable: 
hence that of UI benefits is a net effect. Being previously employed -by 
itself reduces the probability of withdrawal by two and a half times: this 
very strong effect motivates the separate estimation conducted in c) below. 
where the sample is selected on previous state. 

The duration term shows a negative sign in the logarithmic specification, 
and a convex pattern in the quadratic, with a minimum around 50 weeks. 
A plot of the two hazards for the male subsample is shown in fig. 4.1. While 
it is not possible to formally discriminate between the two models with a 
likelihood ratio test, since they are non-nested 2 ,  an heuristic argument can 
be formulated by inspecting the plot. The rising portion of the quadratic 

'The likelihood ratio test is able to discriminate between the quadratic and the linear, or 
Gompertz, specifications, since they are nested. The Gompertz is in effect rejected by 



hazard is almost entirely beyond the empirically relevant range: in fact by 
the 50th weeks almost 95 percent of the unemployment spells tha t  end up 
in withdrawal are completed. One could then argue tha t  the  logarithmic 
specification is a more parsimonious representation of the  duration pattern. 

A general comment is necessary on the significance of a negative sign on 
the duration term. It is a well known result in the duration analysis Iit- 
erature tha t  a such negative sign is not necessarily an  indication of true 
negative duration dependence (i.e. of the fact that the probability of with- 
drawal decreases with elapsed time in unemployment). This result could 
be  also due to  the presence of unobservable heterogeneity. Take an extreme 
example. There are two types of individuals, one with low probability of 
transition, the other with high probability, and this component is not ob- 
servable. The high probability type tends to  leave first, leaving a sample 
which is more and more disproportionately composed of low probability 
individuals. When estimation is performed on the aggregate sample, this 
changing composition shows up  biasing the duration terms toward negative 
values. 

the data 



hazard 



The second specification tested contains an additional interaction term be- 
tween duration and the unemployment rate variable. The estimation results 
are shown in table 4.2. To motivate this extension of the model, it is useful 
to give some structural interpretation to the use of the unemployment rate 
variable. Unemployment rate represents a proxy for the impact of labor 
market conditions on the job prospects of the unemployed. In "informal" 
search theoretic terms, the unemployment rate could proxy for the rate of 
arrival of job offers (which depends as well on personal characteristics). An 
unemployed worker withdraws from the labor force when the discounted 
expected utility of search falls below that of staying out of the labor force: 
the rate of arrival of offers and is crucial in determining the direction of 
this inequality. 

Allowing only for a direct, contemporaneous effect of the unemployment 
rate on the probability of withdrawal, independent of duration, is equiva- 
lent to assuming that the rate of arrival of wage offers is known to  the un- 
employed from the start of the spell. This might overlook some important 
feature of the job search process. It probably takes time to  the unemployed 
worker to build up an estimate of his/her job market possibilities. A test of 
this "learning" hypothesis can be performed by allowing for an interaction 
term between duration and the unemployment rate. The testable implica- 
tion is that the effect of the interaction term is positive, at the same time 
reducing in size the main effect (when only the latter is specified, it rep- 
resents an average effect over the spell). The logarithmic model shown- in 
table 4.2 confirms this prediction. The estimates from the quadratic model 
offers a mixed picture (positive for men, negative for women) but they are 
in general scarcely reliable, due to  the high collinearity between the two 
duration terms and the interaction term. 

The sign and significance level of all the remaining coefficients is not sub- 
stantially altered by the introduction on the interaction term. 
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c) Selecting on previous  state 

In order to allow for a full interaction between the previous state dummy 
with all the other coeficients, the model is reestimated selecting on previous 
state. Only the logarithmic specification is tested here, with and without 
the interaction term (table 4.3). The results are relative to the male sub- 
sample only. The effect of this type of selection is quite substantial. The 
convexity of the age pattern is increased for previously employed individ- 
uals. and greatly reduced for those previously out of the labor force (this 
difference now closely reproduces the one found between men and women, 
discussed before). The effect of education is positive only for the previously 
employed, while the race effect totally disappears for this subgroup. Re- 
cepiency of UI benefits has almost no effect for previous non-participants 
(the effect actually should be zero, since they are not eligible for UI: the 
residual effect could be caused by measurement errors). The duration effect 
disappears for previously employed individuals: we saw in table 3.1 that for 
this group the average time to withdrawal was substantially longer than for 
the other group. These individuals show relatively fewer very short spells, 
which account for most of the negative duration dependence. 

Another significant impact of this selection is on the unemployment rate 
variable. Its effect almost totally disappears for previously employed in- 
dividuals. while it is still very strong for the other subgroup. Hence, the 
discouraged worker effect seems limited to  a subset of the unemployed, 
those who already have shown a lower labor force at,tachment. 
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5 .  CONCLUSIONS 

The effect of some personal characteristics on the  probability of withdrawal 
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