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ABSTRACT.

This paper provides an empirical analysis of the labour market behaviour
of emploved individuals, using a structural on-the-job search model. The costs
associated with moving to another job are allowed to be nonzero and may depend
on the wage level. It is shown that under certain conditions the optimal
strategy has the reservation wage property. The model is estimated using data
on job durations and subjective responses concerning the search strategv. The

results reveal some strong sources of inflexibility of the labour market.
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1. INTRODUCTION.

In this paper we analyze the labour market behaviour of
emplovedindividuals using a structural on-the-job search model. The model
allows for nonzero costs associated with moving to another job. Using a data
set which provides abundant information on the labour market environment of
emploved individuals we are able to estimate the structural parameters of
interest.

During the last decades the use of job search models for the analvsis of
unemploviment durations has become widespread. The reduced form approach, in
which only the hazard of the duration distribution is estimated. seems to be
replaced gradually by a structural approach in which the search-theoretical
framework is used explicitly in empirical analysis (some examples of the
latter approach are Yoon (1981}, Lancaster & Chesher (1983), Narendranathan &
Nickell (1985), Ridder & Gorter (1986), Wolpin (1987) and van den Berg (1990).
Structural empirical inference allows one to estimate the underlving
parameters of the search process, to formally test the adequacy of the theory
and to make detailed policy recommendations.

Burdett (1978) was one of the first to model labour market behaviour of
emploved individuals in a job search context, to account for the fact that
most job-to-job tranmsitions occur without an intervening spell of
unemplovment. In these so-called on-the-job search models individuals search
for jobs which are better than their present ones. By now there is an
extensive theoretical literature on on-the-job search (see e.g. Hev & McKenna
{1979), Holmlund (1984), Mortensen (1985), Albrecht, Holmlund & Lang (1986)).
However, up to now there haven’t been published any attempts to confront the
on-the-job search model with empirical data. In light of the popularity of
search theory as a tool for explaining job mobility it should be interesting
to make such a confrontation. Moreover, emperical inference on labour market
behaviour of emploved individuals may help in understanding the behaviour of
unemploved individuals. It is well-known that from a theoretical point of view
the possibility of search on the job influences the optimal strategy of
unemploved individuals (see e.g. Mortensen (1986}). Van den Berg (1989)
provides some empirical evidence: it is shown that the estimation results for
a structural search model for the unemploved are very sensitive to the extent
of wage increases during employment (e.g., due to search on the job).

In this paper we estimate a structural on-the-job search model using micro

data on individuals who were emploved in 1985. When specifving the model we



pay particular attention to factors that may reduce flexibility of the labour
market. This is partly because of a growing policy interest in obstacles
discouraging individuals to change jobs. Note that using a reduced form
analvsis of job durations one cannot distinguish between the costs of moving
to another job and other factors that influence duration.

In addition to data on job durations we will use subjective responses of
working individuals on a question about the level of their reservation wage in
order to estimate the model. To our knowledge this iz the first use of
‘reservation wage data’ of emploved individuals. {As for unemploved
individuals, in a number of papers reservation wage data were used for
empirical inference, see Lancaster & Chesher (1983), Lvnch {1923). Ridder &
Gorter (1986), Main & Shelly (1988), van den Berg (1990}).

The outline of the paper is as follows. In section 2 the on-the-job szearch
model specification is discussed. We examine in some detail the assumptions
under which the optimal strategy of an emploved individual can be
characterized by the reservation wage property. Section 3 contains a
description of the data and the empirical implementation of the model. We
develop an estimation method that identifies the parameters of interest
without having to make assumptions about the class of wage offer
distributions. Section 4 presents the main results. In addition to the
parameter estimates we present sample averages of the main characteristics of
the search process. Furthermore we pay special attention to the effects of
changes in the level of the costs of moving to another job and of the job
offer arrival rate on the reservation wage and the duration of a job. In
section 5 we examine the robustness of the model with respect to various
sources of misspecification. Also it is discussed how the results relate to
competing theories of labour market behaviour of the emploved. Section 6

concludes.
2. THE MODEL.
2.1. On-the-job search theory and model specification.
The theory of on-the-job search tries to explain the behaviour of
emploved individuals who search for a better job (for a survev, see Mortensen

(1926)). In the basic version of the theory search and job turnover are

costless so in principle evervbody is engaged in search. Suppose an individual




works at a wage w. Offers of new jobs arrive according to a Poisson process
with arrival rate A. Such job offers are random drawings (without recall) from
a wage offer distribution F(x). For the moment we assume that a job is
characterized by its wage level and that jobs can be held forever. Every time
a job offer arrives the decision has to be made whether to accept it or to
reject it. Individuals aim at maximization of their expected discounted
lifetime income (over an infinite horizon). They are assumed to know A and
Fix).

Most papers on on-the-job search assume that the model is stationary (see
e.gz. Hey & McKenna (1979), Holmlund (1984), Mortensen (1985), Albrecht.
Holmlund & Lang (1986), Burgess (1988)). This means that w, A and F(x) are
assumed to be independent of the duration of being in the present job and
independent of all events during the stay in the present job. Further. A and
F{x) are not allowed to depend on w. Obviously these assumptions are not Very
realistic. The motivation for adopting stationarity is that in a nonstationary
setting the model equations become intractable. Also, most empirical studies
using structural job search models for the unemploved assume stationarity of
the models for computational reasons. Therefore it seems to be a good strategy
to start an empirical analysis of on-the—job search with a stationary model.
If w. A and F(x) are approximately constant within jobs and if A and Fix) do
not depend heavily on w then the results will hold approximatelv. In section 5
a test for the stationarity assumption is presented.

The model dces not allow for transitions into unemplovment. From a
conceptual point of view such an extension can be made easilv. However, our
main interest is in factors influencing job-to-job transitions. Inclusion of
transitions into unemployment would make the model equations more complicated
and would require more data than presently used to estimate the model. In
section 3 it is examined in what way the estimation results may be affected by
the omission of possible transitions into unemplovment.

It can be argued that modeling the search process in terms of job offers is
not very realistic. Sometimes one knows the wage rate associated with a job
opening before the job is actually offered. Narendranathan & Nickell ({1985
constructed a search model in which vacancies arrive according to a Poisson
process. A vacancy is characterized by a random drawing from the distribution
of wages associated with the flow of vacancies. so the decision whether to
apply or not is made with knowledge of the wage corresponding to the vacancy.
In van den Berg (1989) it is shown that such a model can be rewritten as the

model described in this section with a different interpretation of A and F(x).
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In section 3 we show that both model versions generate the same empirical
specification.

The optimal strategy of an emploved individual in the environment sketched
above can be characterized by a very simple rule; accept a job offer if and
onlv if its wage exceeds the wage presently earned. The transition rate from
the present job to other jobs # can be written as the product of the job offer

arrival rate and the conditional probability of accepting a job offer.
(1) # = AF(w) F=1-F

One of our main interests is in factors causing inflexibility of the
labour market, that is, factors that prevent emploved individuals from
accepting a job offer they would have accepted in the absence of those
factors. It is likely that the transaction costs associated with rhu:ﬂ'jng 10
another job are among the most important of these factors. There are numerous
kinds of costs associated with moving and they may add up to a considerable
amount. Moving to another job usuallv involves moving to another town which
implies that one has to search for a new house. possibly sell the old house,
make costs in order to transport furniture (though this sometimes is paid by
the new emplover) and redecorate the new house. Moving to another job may also
be costly if other members of the household have a job too: it mav be that the
choice is between other members giving up their job in order to move together
ot splitting up the household which may incur considerable psychic cosis. The
loss of non-transferable pension claims is a commonly recognized transaction
cost that mayv have a large impact on labour mobility between jobs. People who
have built up large claims will be reluctant to move especially when the
number of years until retirement is small. Psychic costs associated with
moving may also be considerable. The family has to integrate in the new social
environment while the worker has to familiarize with a new working
environment. Further. he may have to learn new skills during the first period
in the new job. Also, a change of the educational environment may not be
beneficial for children in the househeld. Special financial benefits (in
addition to the wage) in the present job. like fringe benefits. may prevent an
individual from moving to another job if a new job does not offer benefits or
offers these only after having worked for a certain length of time in that
job. We extend the basic on-the-job search model by introducing transaction

costs ¢. Specifically, every time one moves from one job to another an amount



of money ¢ has to be paid (it is assumed that non-material (psychic) costs
have a monetary equivalent). Some papers have been published that analyze
on-the-job search models with transaction costs (Hey & McKenna (1979),
Holmlund (1984), Holmlund & Lang (1985), Burgess (19288)). Hey & McKenna (1979}
and Burgess (1988) give a thorough theoretical analysis of the influence of ¢
on labour mobility, including comparative statics results.

In all papers mentioned above c does not depend on the present wage w.
However, there are various reasons to assume that c in fact does depend on w.
In particular. the amount of pension claims that may be lost is strongly
correlated with the present wage. Also. individuals who earn a high wage may
have spent more monev on their house and their children's education. If the
costs associated with changing houses and education are correlated with the
value of the old house and the monev already spent on education then c will be
larger for individuals who earn a high wage.

In order to maintain stationarity we assume that ¢ as a function of w does
not depend on the time spent in the present job nor on events during the stay
in the present job. In combination with the infinite horizon assumption
stationarity of the model implies that the employed individual's perception of
the future is independent of the time spent in the present job. Consequently.
the optimal strategy is constant during the present job.

Allowing ¢ to be a non-constant function of w has important consequences
for the properties of the optimal strategy of an employved individual. The
qualitative comparative statics results derived for the model with constant ¢
do not necessarily hold anymore. Indeed, the set of acceptable wage offers may
not be connected. In that case the optimal strategy does not have the
reservation wage property, that is, there is no number such that a job offer
is acceptable if an only if its wage exceeds that number. In subsection 2.2 we
derive conditions on A, F(x), ¢ and the subjective rate of discount p which
ensure that the optimal strategy does have the reservation wage property.

Analogous to Hey & McKenna {1979) we do not incorporate per-period search
costs in the model. This is because in our opinion actual search (noticing
advertisements when reading newspapers, contacting potential employvers, making
an expenses—paid visit to them etc.]) is relatively costless for the
individuals in the dataset. Also., allowing for nonzero search costs would
generate computational problems when estimating the model because non-zero
search costs make it optimal for some individuals not to search on the job
(see e.g. Burdett (1978)). As we shall see in section 3 the data suggest that

in some sense all emploved individuals are engaged in search.
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2.2. The optimal strategy of employed individuals.

Let R{w) denote the expected present value of income if the present wage
equals w, when following the optimal strategy. Because of the stationarity
assumption R(w) does not depend on the elapsed duration of the present job so
R(w} is constant during the present job. R{w) is written recursively as a
function of R(x), in which x is interpreted as the wage offer associated with
the next job offer. The waiting time t until the next offer has an exponential
distribution with parameter A. At t the individual has to choose between
acceptance of the offer (present value R{x)-ciw}) and rejection (present wvalue
R{w)). This gives

[0 o =
(2) R(w) = j'[jwe'p’ds + e P E(max(Ri{x)-c(w], Riw)))ire Mdt

o~0 -

= E_{-I AwW+AE; (max(R{x)—c(w}, R{w)i).
A wage offer x is acceptable if R{x)-c{w)>Ri(w) while it is not if
Rix)—c(w)<R{w). If R{x)-c(w)=R(w) then the individual is indifferent with
respect to accepting the offer or not.

Suppose that c{w) is constant except for a large discrete upward jump at
say Wp. e.g. c(w)=0 for wewy, c(w) is ‘large’ for w=w, An individual earning
wg—e will accept a wage offer wy—we. However, it is conceivable that he will
reject an offer w, because the wage increase ¢ does not offset the increase of
¢ that has to be paid for another transition. So in such a case the optimal
strategy does not have the reservation wage property. Moreover, there always
are sufficiently high wage offers that do offset the increase of ¢ so the set
of acceptable offers is not connected. This example shows that contrarv to
virtually all search models for labour market behaviour our model does not
guarantee the reservation wage property to hold. We now present some
propositions regarding existence. uniqueness and properties of R{w) as given
in (2) and regarding the characterization of the optimal strategy. given
conditions on the structural parameters A. F(x). c¢(w) and p. First these

conditions are given.

1. O<h<r. Depanc,
2. F(x) is a strictly increasing differentiable function on [0.w] with O<Ww<x.

For x<0 F(x)=0. for x=w Fix)=1. Further. 0<w<w.




3a. c(w) is a continuous function on [0,w].
3b. c{w) is a continuously differentiable function on [0.w].
4a. ¥ Dswew” <w c[w'kc{w]%{w'-w}

4b. ¥ Osw<w c’{w}q-}

¢'(w) being the derivative of c(w). Conditions 1, 2 and 3a are fairly general.
Choosing zero to be the lower bound of the domain of Fix) is a matter of
convenience, we might as well choose another number. Likewise, w can be
thought of as being a very large number. Conditions 4a and 4b assure that c{w)
does not increase too fast, in order to avoid the kind of problems related to
the reservation wage property that were discussed before. Note that A can be
interpreted as an upper bound on the rate at which pavment of transaction
costs occurs. Consequently, the quantity (w-Ac(w)).dt can be interpreted as
the wage earned in a small time interval with length dt minus an upi,:rer bound
on the expected amount of transaction costs to be paid in that small time
interval, if the wage rate equals w. Conditions 4a and 4b state that this
quantity must be increasing in w. Whether these are strong conditions cannot
be said a priori but, as we shall see, it will turn up empirically. Note that
condition 4b is sensible only if condition 3b also holds. Conditions 3b and 4b
make it possible to give a characterization of the optimal strategy in terms
of a differential equation. Condition 3b is not very strong since a
differentiable function can approximate discontinuities well.

The proofs of the propositions are given in appendix 1.

Proposition 1.
Let conditions 1,2 and 3a be satisfied. Then Ri{w) exists and it is the unique

continuous function on [0.w] that solves equation (2).

Proposition 2.
If in addition condition 4a is satisfied then R{w) is strictly increasing om

(0,%).

This means that if ¢ does not increase too fast as a function of w in the
sense that condition 4a is satisfied. then a high wage rate associated with a
job implies a large (expected present) value of that job. From now on it is
assumed that conditions 1.2.3a and 4a hold. If R{0}<R{w)+c(w)<R(w) then.

because R is strictly increasing on [0.w] there exists a unique &{w) such that



{3) Ri&(w)) = R{w)+c{w)

while R(x) Z R(w)+c(w) if x } & w). Consequently, the optimal strategy for an
individual earning a wage w then can be rewritten as follows: accept a wage
offer x if x>£&(w) and reject it if x<£{w). £(w) is the reservation wage, which
of course depends on all explanatory variables in the model. If R{0)2R{w)+ciw)
then any offer is acceptable for an individual earning w. sof(w) may be
anything <0: in that case we define £{w)=0. Similarly, for R{w)+c(w)zR(w) we
define &{w)=w. Note that whether £(w)=0 or £(w)=w occurs for the range of w in
the dataset is an empirical matter. However, as we shall see, F{x) is not
identified for our data and therefore neither is w. We may assume that w is so
large that for every relevant case (everv individual in the dataset)
R{wi>R{w)+c(w).

Because R is strictly increasing and continuous in its argument.on [0.w].
it follows that the inverse of R exists and in continuous in its argument on
[R{0),R(w}]. Therefore £(w) as defined above is continuous on [0.wlIn
summary. the optimal strategy satisfies the reservation wage property and the
reservation wage £ is a continuous function of w on [0.w]. If condition 4a is
weakened by replacing the strict inequality by a weak inequality then we can
only prove that R{w) is non—decreasing on [0,w]. In that case there may be an
interval [£,,&,] with 0<£,<€,<W such that an individual is indifferent between
acceptance and rejection of wage offers from that interval. Because there is a
positive probability that wage offers xe[£,.£;] arrive. this arbitrariness
would raise problems in any analysis of models in which such cases are
allowed.,

By strenghtening conditions 3a and 4a it is possible to derive expressions
for the derivatives of R(w) and £(w) with respect to w.

Proposition 3.
If conditions 1.2.3b and 4a are satisfied then R(w) is continuousiy

differentiable on [0.W] and for every 0<w<W there holds that

1-c ' (w)AF{ &(w))
p+AF(E(w))

[4} erl'l'h'_:l =

Proposition 4.

If conditions 1.2.3b and 4b are satisfied then R'(w)>0 on [0.w] and £(w) i5 a
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continuously differentiable function of w for the wage intervals on [0,w] on

which O<f(w)<w. For those w

L+p. c'(w) _pHAF(EEw)))
1=AF(E(E(W))) . €' (&(w)) p+AF(£(w))

(3) §lw) =

Equation (5) can be rewritten by noting that the exit rate out of the present

job equals
(6) Biw) = AF(&(w))
S0
£'(w) = 14+p.c'(w) o pHaEw)) -
1-8(&(w)].c'{£(w)) p+o(w)

From the results so far the following corollary can be obtained.

Corollary.

Let conditions 1.2.3b and 4b be satisfied. Further. let £{w)e<0.w>. Then

(1) Eiw)iiw = ciw)il
(#)  E(WIZ0 = (W) = % «= R'[w)s %; = Wil

(1it)  if c'{w)=0 then £{wl<l = c{wi>0

The results in (i) and (ii) make sense. If job changing costs are paositive
then one is more reluctant to move to another job than when such costs are
absent. If ¢ as a function of the wage level decreases veryv fast at w then the
job offers that are not acceptable at w become acceptable for wages larger
than w. Note that the model is not incompatible with an exit rate increasing
with the present wage. The case c¢'(w)=0 for every w. ¢>0 has been analvzed
extensively by Hev & McKenna (1979). In that case. if £(wi<w then £(w)>w+p.C
and the gap between £(w) and w is a decreasing function of w. This can be
understood by the following argument. Individuals take into account that they
may change jobs more than once in the future. Therefore. the reservation wage
has to exceed the sum of the present wage and the long-run compensation of the
transaction costs that have to be paid for the first move. The more job

changes one expects, the larger the gap between £{w) and w because one does



