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Chapter 1

Introduction

Information economics has already had a
profound effect on how we think about
economic policy, and are likely to have
an even greater influence in the future.
The world is, of course, more
complicated than our simple - or even
our more complicated models - would
suggest.

J. Stiglitz, Nobel Prize lecture,
December 8, 2001

Job search theory is a relatively young actor on the stageafanics and is an integral part
of a broader field of economics of information. The ideas alionctioning of the markets

where information is costly to obtain were first enunciatgdha Nobel Prize winner G. Stigler
in his pioneering work "The Economics of Information” pwied in the Journal of Political

Economy in 1961. To explicate the very essence of what theauoas of information and job

search in particular all about | refer to Stigler himself:

| propose on this occasion to address the same kinds of qoedth an entirely
different market: the market for new ideas in economic smerMost economists
enter this market in new ideas, let me emphasize, in orddstenoideas and meth-
ods for the applications they are making of economics to lieeigand problems
with which they are occupied: these economists are not thpligus of new ideas
but only demanders. Their problem is comparable to thateititomobile buyer:
to find a reliable vehicle. Indeed, they usually end up by bgy used, and there-
fore tested, idea. Those economists who seek to engageedarcéson the new
ideas of the science - to refute or confirm or develop or despthem - are in a
sense both buyers and sellers of new ideas. They seek toodavel ideas and



persuade the science to accept them, but they also are iofj@ues and promises
and explorations in the current or preceding ideas of thensei. It is very costly

to enter this market: it takes a good deal of time and thougblkplore a new idea
far enough to discover its promise or its lack of promise. fiis&ory of economics,

and | assume of every science, is strewn with costly errdr&gdeas, so to speak,
that wouldn’t run far or carry many passengers. How have @wsts dealt with

this problem? That is my subject. (G. Stigler, Nobel Memldrecture, December
8, 1982)

The first application of the economics of information, intgardar the notion that information is
costly to obtain and returns in the future are uncertainrhédabor market appeared in Stigler’s
1962 work. Since McCall (1970) seminal article the job skdhezory has become a standard
tool for analyzing the decision making process of an uneggaandividual who is looking for
work.

An important contribution of the job search theory is aniptetation of unemployment on a
microeconomic level. As Mortensen puts it:

The theory of job search has developed as a complement tddbetbeoretical
framework. Many writers found that the classic labor supplydel with its em-
phasis on unilateral and fully informed choice could notlakpimportant features
of the typical individual’'s experience in the labor markete experience of unem-
ployment is an important example. Within the income-legscinoice framework,
unemployment simply has no interpretation as a consequete assumptions
that jobs are instantaneously available at market cleaviage rates known to the
worker. (Mortensen (1986, p.850))

The original contribution of the search theory was the tegompproach to the analysis of un-
employment spell durations. In a partial equilibrium mo@ehges set by firms are considered
exogenous), which stems from developments in the theorgaqiential statistical decision the-
ory, a worker is looking for a job in a decentralized labor kedr Information on vacancies
and the pay is imperfect and must be acquired before a wod@rbes employed. Viewing
this process as costly and sequential enables us to anayiation in the unemployment spells
that workers experience and in the wages received once gatpld he length of time a worker
spends looking for a job and the subsequent wage receivesl @mployed are both random
variables with distributions which depend on the workemdividual characteristics as well as
those of the environment through conditions the workerrdatees for acceptable employment.
Because the framework has implications for the distributibobservables, likelihood functions
for estimating the econometric model can be derived fronttikery.

2



Applications of the search theory are rather broad. Thegbaduilibrium models concentrating
on a decision-making process of an unemployed individuablnto make implications for
the duration of unemployment, effect of unemployment iasge, mini-mum wages and etc.
Another strand of literature looks at the problem from aadé#ht angle. Burdett and Mortensen
(1998) analyze wage setting decision of firms within a searodel framework. This seminal
work illustrates why identical workers may receive difigrevages in equilibrium.

Full equilibrium models incorporate both decision-makifign unemployed individual looking
for job and firm looking to fill a vacancy. Pissarides (1979m& such example. In his work he
derives a full market equilibrium which satisfies worker giQuum condition and firm equilib-
rium condition. Albrecht and Axell (1984) derive an equiilbn unemployment rate which also
satisfies worker and firm equilibrium conditions. Besidd tki@e authors were first to endoge-
nously determine the wage offer distribution, which resdiffrom workers’ different valuation
of leisure.

Search models have been extended in different ways. An tapocontribution was made by
Burdett (1978) who introduced the notion of the on-the-jeérsh. The pioneering paper of Bur-
dett (1978) and other works following afterwards helpedl&xyng the job-to-job transitions
and wage growth with the same employer. Another extensiaintaoduced by Jovanovic
(1979). Originally, it was assumed that the package of aterstics attributed to the job is
known. In Jovanovic (1979), the worker does not know for shesearning streams associated
with the job or some other relevant characteristics. Thekaromust spend some time on that
job to acquire all the relevant information. In this frametydhe quit happens after the worker
has learned all relevant information about the job and damsiit "not a good match”, i.e. the
job did not met his expectations. Further extension to tlsechmodel was the uncertainty about
the offered wages. In a standard search model, the mometite @fage distribution are as-
sumed to be known. Burdett and Wishwanath (1984) relax gssimption. In their model,
workers have an expectation on the mean wage and dispeWsioen they apply for a job they
obtain information on the wage paid on this job. Every timeytlacquire information about
the next job they update their expectation of the mean wadealepersion in a Bayesian way.
These extensions will not be formally presented in my wortehend an interested reader is
advised to follow the references.

Most of the search model frameworks imply time-invariaseration wages. Economic reality
suggests, however, that they are not. As early as in 196 pdfgsovided empirical evidence of
declining reservation wages over the search span. Attémaptsbeen undertaken to explain this
phenomenon theoretically. Gronau (1971) claimed thatteomseservation wage hypothesis
does not hold if the infinite life horizon assumption is reddx However, as suggested by
Mortensen (1986) this is rather an aging effect which camxptain relatively large rates of



decline in reservation wages for relatively young workeygarted in several studies. Hence,
with the exception of elderly workers close to the retiretregge, infinite time horizon is not
a stumbling point. Mortensen (1986) provides an eleganiaegion of declining reservation
wages by imposing a credit market constraint. The generatationary job search model can
be found in van den Berg (1990) where nonstationarity ofrkeg®n wages may arise due to
time-dependence of any exogenous variable.

Applications of search theory give predictions about ifdlnals’ reservation wages, unemploy-
ment durations and reemployment opportunities. Howevigéndrnawals from the labor market
have received so far unfairly little attention, despitenigean important indicator of labor market
performance (Frijters and van der Klaauw (2006) is a notakéeption). The dropouts were
already mentioned in the search model of McCall (1970). Harehe McCall (1970) model
is static. This can well suit the decision making processthdreo enter the labor market or not
but fails to explain the exits from the labor market of theealty participating workers. One of
the objectives which | pursue in my work is to fill this gap bgamporating withdrawals from
the labor market into a nonstationary job search model, andnall show, withdrawals from
labor force are a logical outcome of the nonstationary j@vde | present a nonstationary job
search model with the possibility of withdrawal from the dalmarket in Chapter 4.1.3. The
outcome of the model is that lower reservation wages besideer unemployment duration
also lead to higher exit rate from unemployment into nongigstion. This tradeoff can be very
important for unemployment insurance policy. As the sirtiates in Chapter 4.1.3 show higher
unemployment compensation could ultimately lead to higimeployment.

Another important aspect which motivated this dissertaB@n asymmetric change of the wage
offer distribution. In a standard search model (see for gtarivlortensen (1986)) reservation
wages increase with the mean of the wage offer distributiwh &ith the mean-preserving
spread of the wage distribution. However, changing theaspog the distribution by holding
the mean constant implies a symmetric "stretching” or "cogsping” of the distribution in the
tails. But what happens if the spread parameters for thedefof the wage distribution and
for the right tail may vary separately, which is usually tlzse& when one faces the data? The
complication arising here is that changing the spreadsaetih and right tail unproportionately
will affect the mean. To alleviate the problem | propose te tiee notion of the median and
the median-preserving spread. The model presented in @hamhows how predictions of
the job-search theory change if asymmetric change of theew&liribution are allowed. The
empirical results based on German regional data supporethgts of my theoretical model.
This new insight into the job-search theory is very imporfanthe regional empirical analysis
where regional mean wage or dispersion are often used asssegs.

The structure of the dissertation is as follows: in Chapter @esent an overview of exist-



ing job-search literature with detailed description oksédd works, which in my view are most
innovative. In my dissertation, | concentrate on job seafd¢he unemployed individuals, there-
fore Chapter 2 does not contain models allowing search ofothéor search on the job see
a seminal paper Burdett (1978), respective chapters inédvieen (1986) and Manning (2003)
and citations therein. Chapter 4.1.3 presents a nonstayiaearch model with declining reser-
vation wages. In this chapter | show the existence of a trf&detween unemployment and
participation, which is supported by simulations. Chagteives an overview of the econo-
metric methods used to estimate duration models. Moreavehis chapter the problem of

an unemployment-participation tradeoff is addressed aetthods of correcting the estimated
failure rates are proposed. Chapter 5 gives a locationas¢aloch model with a possibility

of commuting with asymmetric changes of the wage offer tiigtion. Chapter 6 gives an

overview of the estimation methods for count data and ptegae results of the estimation of
the German commuting data. Chapter 7 concludes, point®qugtential drawbacks and open
questions.



Chapter 2

Review of Literature

The original contribution of the search theory was the teBorapproach to the analysis of
unemployment spells durations and dispersion of incomksofly of job search uses the tools
of sequential statistical decision theory for the typicarker's problem of finding a job in
a decentralized labor market. Information on vacanciesveages associated with them are
considered as imperfect. This information has to be acdumefore a worker can become
employed. Viewing the process of acquiring information estly is an important contribution
of the economics of information and search theory. Becehessédarch is costly an unemployed
worker has to seek an optimal strategy which maximizes teggnt value of his future returns.
Hence, with search costs present and time discounting ranahtworker has an incentive to
wait indefinitely for an opportunity to be employed. Besidgace the market is imperfect job
offers are not immediately available. This explains theataom in unemployment durations in
a search theoretical framework.

Since the pioneering work of Stigler (1962), search modalgehbeen widely used in labor
market theory. Pissarides (1979) develops a search modet¢ipresence of an employment
agency. The model is grounded on rather restrictive assangptthere is no wage variability
and the separation rate is exogenous. The most importaniréesn his model is that two
alternative search methods are possible - random searcteanth via an employment agency.
The author shows that encouraging random search wouldaserthe overall matching rate.
In Hall (1979) there are no intermediaries, i.e. job-searsfand employers approach each
other directly. Hall (1979) relaxes the assumption of a tamtsseparation and job-finding
rate. He proposes the existence of an efficient separatierara an efficient job-finding rate
as solutions to the maximization problem. Market equilibtj given an efficient separation
and job-finding rate, gives the natural unemployment ratbe @lassical search model was
formulated by McCall (1970) where unemployed workers nes@ijob offers drawn from a
non-degenerate wage offer distribution. The reservatiagenn this model is a solution to an
intertemporal maximization problem.



Another strand of search literature deals with search agpatial units. In Burda and Profit
(1996), for example, agents do not search for vacanciesionhgeir area of residence but can
search in other districts as well. In this model distancenisnaportant factor affecting the
search effort. Individuals are set to optimize their seamtdnsity taking the behavior of others
as given. There are several works on commuting which aredb@sspatial search theoretical
models (see e.g. van Ommeren and van der Straaten (2005%iRe irnclassical search model,
which assumes wage dispersion, van Ommeren and van dete®t(@805) allow for constant
wages but dispersion of distances to work. Unemployed iddais in their model solve for
maximal acceptable travel distance.

Many search theorists sought for models that could explerdispersion in wages. Albrecht
and Axell (1984) assumed two types of workers with each tygwrig a different value attached
to leisure. Because of differences in the value of leiswgenvation wages differ. The authors
derive two reservation wages for the two types of workemanEiare heterogeneous in Albrecht
and Axell (1984) and differ in their productivity. The detysfunction of productivities is as-
sumed to be non-decreasing. Albrecht and Axell (1984) shbetsdifferences in the value of
leisure generate different wages offered by firms in equilih. Hence, the wage offer distribu-
tion is endogenously generated in the model. Eckstein argiiMiL990) extend the model of
Albrecht and Axell (1984) to allow for more than two types abnkers and endogenous wage
offer probability which depends on the number of active fiimshe market. In this model,
although workers are homogenous in productivity, wageetspn emerges due to differences
in workers’ tastes for leisure and efficiency of firms meadungerms of output per worker.

One of the most famous search models is probably that of Busdd Mortensen (1998). The

authors show that in the presence of the on-the-job seaectisipersion of wages could arise
even if all workers and firms are identical. Burdett and Miostn (1998) and Albrecht and Ax-
ell (1984) models were synthesized by van den Berg and R{d988) to account for workers

and firms heterogeneity as well as for the on-the-job sedifcéy also impose a legal minimum
wage in their model. Similar approach is undertaken by Bopte Robin, and van den Berg
(2000), who derive admissible endogenous wage distribstior a large class of productivity

distributions (see also Bowlus and Grogan (2001)).

The literature review presented in this section uses rootatof the original papers adapting it
when necessary for the sake of conformity.



2.1 Models with Constant Wages (Urn Models)

2.1.1 Full Equilibrium Model with Employment Agency

This section describes the model of Pissarides (1979)mig®itant feature is that an employ-
ment agency is present in the model, although it is not alveaystermediary between firms
and searchers. Job searchers may choose to register at knyempt agency and thus receive
offers from the mediator. "Random search” is also availabliéem, which means directly vis-
iting firms and making inquiries about available vacancless assumed that the unemployed
always register (at the employment agency) to be entitleth®unemployment compensation.
Nevertheless, some part of these jobless workers may clibeseandom search” to increase
their employment chances. It is necessary, however, todotre the cost of random search into
the model, because otherwise all unemployed workers waalid\uwlved in a random search.
The principle idea is that agents choose the optimal mixdéisearch methods to maximize the
value of search.

In the same fashion, the firms in the model can also optimeie iehavior with two alternatives
possible: advertising the vacancies through the employagency or privately. As Pissarides
puts it: "...firms may change the intensity of their searctsitching to methods with higher
job-matching probability (which in general be more expe@pi It is this variable intensity of

search that plays the crucial role in the determination @regate behavior in this model.”
(Pissarides (1979), p.819)

For simplicity the author assumes that all firms offer the savage to rule out the search on
the job and rejection of job offers. Some fraction of the uptayed, S < U also searches
randomly (besides being registered at the agency)zanflthem succeed. For the sake of
simplicity it is assumed that each firm opens only one pasitiiotal number of firms i¥. R
firms register their vacancy with the employment agency; V' — R firms advertise privately,
thus A vacancies are available to random searchers.

Jobs are destroyed for exogenous reasons at a.rdtal separations are given byL — U),
whereL is the total labor force. Each period the employment agenangesy matches.

The agents do not know which firm would be visited by other wosk Therefore, the optimal
strategy would be to choose a firm at random. The probabliag & vacancy will not be
searched by any of thoseworkers is given by(1 — 1/A)“. And the probability that a firm in
the setA will find a worker is given byu = 1 — (1 — 1/A). The total number of job matchings
each period is +y, wherex is the number of job matches through random searchydinicbugh
employment agency.



The unemployment equilibrium condition implies equatihg fob inflows and outflows:
(S, A) + y(U,R) = §(L — U), (2.1)

where the left-hand side gives the total number of matchamgkthe right-hand side — the total
number of separations.

Worker Equilibrium

The probability that a registered individual will receive affer from the agency per period is
given byq = y/U, and the probability that a random searcher will receivebeojifers is given
by p = z/S. In this model workers are assumed to be risk-neutral.

The models shares standards assumptions in the literatgistered unemployed receive the
benefitsh, random search costs Moreover, the agency charges workers for the job placement
h.

DenotelV to be the lifetime returns of the employed worker &2id- the returns of the unem-
ployed worker who is not searching randomly, which yields:

O —pt L L lqu o,

1+7r 1+7r
5 L 14 (2.2)
W =w+ 0" + w.
1+7r 1+7r

If they unemployed are engaged in a random search their f@hegion can be written as:

p

Qv = — —QY). 2.3
€t n T(W ) (2.3)
Substituting fol? andQY one obtains:
MW=L (w_btqg-h-—c (2.4)
r+0+4q

Firm Equilibrium

Using previous notationg? firms register their vacancies with the employment agenuoy,/a
firms advertise privately. Let denote the profit (since a firm may employ only one worker it
is also profit per worker), ang be the cost of capital needed for one job position per period,
which is a sunk cost that borne irrespective of whether trsgtipn is filled or vacant. If firms
choose to advertise privately, they pay advertisement eoper vacancy. The profit from a
filled position is thust — w — p per period, whereas the vacant position has a cogt udr



period. Denotdl as returns from a filled position arfet* as returns from a vacancy, which is
not registered at the employment agency. Then:

QA:_a_p+1jRH+ile
5 s (2.5)
=m—w=p+ 1+7«QAJr Tl
Denote the returns from a registered vacancy2ywhich gives:
sz—p+T%?H+%ngf—gw
M=7r—w—p+ O gry l=0p (2.6)

1+7r 1+7r
QfF =0f 4+ C,

whereQ® is the value of a vacancy before registratiéhjs a registration cost of a vacancy,
andv is the fee that the agency charges the firm for a successfahmdtirms will choose the
job-matching method that yields the highest returns. Inlggium, if both methods are used
by different firms, both methods must be equally attracte)” = Q" (Pissarides (1979, p.
823))

In equilibrium:

04 =0
(2.7)
Qft = 0.

Market Equilibrium

Market equilibrium is given by the simultaneous satistaciof the four equilibrium conditions:

(

Qv =0
01 =0
(2.8)
QF =0
| (S, A) — y(U,R) — 6U + 6L =0

The first condition implies that net marginal returns fromdam search are zero. The next
two mean that the returns from opening up more vacanciesesice Zhe last one implies that
the unemployment pool is constant over time, i.e. inflowe itmemployment pool equal the
outflow to jobs.

10



2.1.2 Equilibrium Unemployment Rate and Employment Duration

This section describes the model of Hall (1979). A distvetaspect of Hall (1979) model
is that he stresses the notion of the unemployment and emplalyduration as an important
factor which determines the equilibrium unemployment.rétall introduces the concept of an
"efficient duration” of employment. For an employer the eéfit duration depends on the cost
of recruiting and training; and for the worker it depends ba tost of finding new jobs. In
tight markets where jobs are easy to find, workers prefertshbs but this imposes higher
recruiting cost on employers so they favor longer jobs.

Equilibrium Unemployment Rate

Suppose that jobs and workers are perfectly homogeneouscaney in this model is instantly
filled, but the unemployed must wait until a job offer arriyesich is a stochastic process. The
unemployed accept the first job offer encountered. If thegike more than one, they accept
one at random because jobs are homogeneous with respeaj¢o wa

Employers maké’ offers to.S job-seekers. The probability that a particular worker nexea

particular job isl /S. The probability that an agent will receive no offers at sl i
1-f=(1-1/8)" = [1-1/8)5]"", (2.9)

wheref is the job-finding rate. I§ — oo, (1 — 1/5)~ — ¢, which yields the solution for the
job-finding rate:

f=1—e"5 (2.10)

Definep as the number of vacancies needed to be opened to generabd @meaverage, which
isp=V/(f-S). From Equation 2.10 it follows that/S = —In(1 — f), hence:

p(f) = =1 =f)/F. (2.11)

The equilibrium is achieved when the flows into an out of unleyipent are equated. Given a
separation rates, this can be given as:

S=(1-f)S+s- B, (2.12)
or

S/E =s/f, (2.13)

11



whereF is the number of employed workers. The unemployment ratdeagiven then as:
. (1—-f)S B S
E+(1-0S s+ f/(1-f)
It is obvious from Equation 2.14 that the unemployment rategases with the separation rate
and decreases with the job-finding rate, which is intuiyiciéar.

(2.14)

Optimal Employment Duration

From the firm side there should exist an optimal contracttlengirstly, because firms would
dislike very short employment spells due to fixed costs aatet with recruiting and train-

ing. Secondly, very long contracts make firms inflexible ijuating their employment level

in response to economic situation as firms would have to pakewe the compensation for
premature contract termination and layoff. Hence, firmslaipay lower wages for very short
contracts and lower wages for very long contracts and higlagyes for some intermediate
length contracts. This could be given by an isocost linetptbaigainst the contract length,
which is concave and has a maximum.

For workers the tradeoff also exists. Very short jobs maydwoecbstly because looking for a
new job involves certain expenses. On the other hand vegyjtls reduces workers’ flexibility,
hence workers would require a compensation (in terms ofdniglages) for very short contracts
and very long contracts to be indifferent among the job sft@th various contract lengths. This
would give an indifference curve for a worker, which is likéb be conveX. The intersection of
an isocost and indifference curve gives an efficient wageefficdent contract length. Treating
the expected duration of employment as a reciprocal of aragpa rate, this intersection gives
the solution for an efficient separation rate.

Efficient Job Finding Rate

Let A\(s) be the probability that a job will be filled as a function of tbeparation rate. The
expected cost associated with the joluis A(s). The unconditional probability that a job is
unfilled is s. However, for a separation to occur, the vacancy must belfillEhis gives the
conditional probability that a job is unfilled- A\(s). To keep the job filled a firm needs to hire
at a rates - A(s), which requires a flow of offers gf(f)s - A(s).

Suppose that each offer costs the fitmw, sou is the fraction of the wage. Then the firm is
interested in minimizing its cost function given by:

Clw,s, f)=w-Xs)-(r-s-p(f)+1). (2.15)
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Moreover, suppose that workers are interested in maxigpthieeffectivencome, where effec-
tive income is defined as:

N
(L=fs+f

So the effective income is the expected wage conditionah ug@ing employedy can be also

y=(1—-uww (2.16)

defined as the fraction of time agents expect to be unempldyeglequation in 2.16 imposes a
constraint onto 2.15, hence the efficient job-finding ratelmagiven as:

1—f

f:argmin{<1+s )y-A(s)-(,u-s-p(f)—Fl)}, (2.17)

since bothy and\(s) are independent of, Equation 2.17 simplifies to:

1—f
S

f:argmin{(1+s )'(u~s~p(f)+1)}. (2.18)

In the similar fashion, the efficient separation rate sofees

-7
f

3:argmin(f):argmin{<1+s )A(s)'(u~s~p(f)—}—1)}. (2.19)
The system of two equations 2.18 and 2.19 with two endogepax@sneters and f guarantee
the unique solution to the natural unemployment rate gineh14.

The model of Hall (1979) solves for the natural unemploymate as the outcome of efficient
employment arrangements. Hence, in this sense, the nateahployment rate is socially
optimal unemployment.

2.1.3 Spatial Search with Constant Wages

This section describes the model of Burda and Profit (1996)heéir model, Burda and Profit
(1996) consider an individual who can determine his seactikity in two dimensions: where
to search and how many jobs to apply for. Each spatial unithab agency which mediates
contacts between searchers and potential employers. Y8aspely randomly to firms. Once
applied, an individual is invited to an interview after whiit is decided whether he is accepted
or not. There is a cost, associated with each interview. If he applies for a job mrkgion;
different from the region of origin, say, then interview cost is increasedde- a - D;;. Where,
D;; is the distance between the regigrsd; in kilometers and: is thus a per-kilometer cost of
travel. Individuals assume to optimize their search intgms order to maximize their expected
net income. Letf denote the job finding probability, - the interest rate, anah - the search
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intensity, which can be thought of as number of jobs to appty Then, the objective function
for an individual searching in the regigris given by:

max [1 — (1 — f;)™]w/r —m;(c+a- Di). (2.20)
The first term in Equation 2.20 is the expected benefit fromingpic; interviews in the region
j and the second term is the total cost of those interviewsurgsy for simplicity that the
expected income in unemployment equals zero, the autharedee solution:

) 5 m(Bm e arDy) for flwin/eta-Dy =1

J
0 otherwise

From Equation 2.21 it is seen that optimal search intensitydreasing in the wage and decreas-
ing in discount rate and the cost of applying for the job. Tfieat of job finding probability

on search intensity is ambiguous. One the one hand, it isesethe expected benefits, but on
the other hand, at given relative returns, less search iBssacy to achieve the same expected
benefits.

The model of Burda and Profit (1996) uses the same searchiéras in Pissarides (1979).
The wage is constant, thus jobs do not differ from one anptus therefore application to
firms is a random process. However, in their model agentsnigdi their search intensity in
each spatial unit given the distance between the residecegidn and potential employment
location and difference in job-finding probability acropsal units.

2.2 Exogenous Wage Dispersion

2.2.1 Single Wage Offer Model, Discrete Time

This section describes the model of Franz (2006). The nagessndition for an unemployed
individual to accept a job offer is that the wage offer exeekis$ reservation wagey > w.
Suppose that an individual receives a wage offer with priihab;, which depends on the
general situation in the labor market and personal charatos, such as age, sex, qualification
etc (which are represented by a vecipr Moreover, it is assumed that for each individual the
chances of getting a job are decreasing with the wage offertal increasing competition for
high-paid jobs. The probability of a successful match iggias:

p(z,wh) = /q(z,w)f(w)dw. (2.22)

wPR
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The expected wage is given as:

f wq(z,w) f(w)dw

E(w|lw > w) = wl} Gow) f(w)dn (2.23)

wPR

The expected wage is a conditional expectation, given beatage offer exceeds the reserva-
tion wage. The present value of the reservation wage is:

oo R 1 R
3 1w t:( +rwt (2.24)
—~ (1+r) r
Denote the unemployment benefits, which an agent receiagmgtunemployed by and the
constant search cost per period-aghe present value of expected wages (if a person gets a job)
and costs of search equal:

1+r
r(r+ p(z, wh))’

(b—rc)(1+7)

A S B, g > wh
o ple ) B > )

(2.25)

In the optimum the present value of acceptable wage offerst imel equal the present value
of the returns to search. Knowing that an agent accepts diwlyet wage offers exceeding
his reservation wage, in the optimum the discounted rettorsearch equal the discounted
reservation wage, i.e. Equation 2.24 equals Equation &aking it for w? gives:

r 1(b—c)+p(z,w)E(wjw > wh)

wh = e S . (2.26)

This relationship shows that the reservation wage decseagh search costs, increases with
unemployment benefits and wages. Also a lower probabilitgoéiving and accepting a wage
offer, due to personal characteristics or labor market itmms, reduces the reservation wage.
It is easy to derive from Equation 2.26. In fact:

owr _ E(w|lw = wf)(r + p(z,w)) —r(b —c) — p(z, w?) E(w|w > w’)
Ip(z, wh) (r +p(z,wr))?
r(E [wlw = wf] + ¢ —b)

(r + p(z, wh))?

(2.27)

> 0,

as the value of employment must exceed the value of unemgoiratherwise agents would
not accept job offers at all and remain constantly unemploye
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2.2.2 Multiple Wage Offer Model, Continuous Time

This section is based on the model presented in Mortenseé6)1&hich is an extension of
McCall (1970). A distinct feature of this model is that bessdvage variability it considers that
in case of multiple offers agents pick the offer with the l@ghwage. The model assumes that
workers live forever and there are no separations and gudgecall is possible, i.e. once job
offer is declined, an agent cannot go back to the offer andmat

Consider an agent who looks for a job. Suppose the search bwst: per time period and
B(h) is the discounting factor for time. The distribution of wages is given & w). In a given
period an agent could receivejob offers, withn being a random variable which follows the

— AT A m
Poisson distributiong(m, 7) = e A"

, Where\ is the offer arrival rate, which is assumed
to be exogenous. Discounting is assumed to be continuouthandiscount rate is given as:
B(1) = e~ "". The workers are assumed to be wealth maximizers, whichuizaent to utility

maximizing in risk-neutral case. If an agent receives pldtoffers he accepts the one with
the highest wage. Defining,, = max{wy,ws, ..., w,,}, the distribution of wages accepted
by an agent is an extreme value distribut@qo,,). Assuming that'(w) andg(m, 7) are time

invariant, the value of search becomes time independerthafgiellman equation could written

as:

Q= (b—c)r + B(r) [zzfl a(m, ) [ max [, W (w)] (i) dw + g0, m] _
0_ (2.28)
=(b—c)t+ B(7) [Z;’;l q(m, ) bfmax [0, W(w) — Q] g(0y,)dw + Q] :

where(2 denotes the value of seardh; value of leisure per period) (w) - value of employ-
ment. The value of employment can be written as:

wT

W(w) =wr + p(r)W(w) = =30

(2.29)

It could be seen thal/(w) is monotonically increasing in wage. The value of searchfase
tion of a wage satisfies Blackwell’s sufficient conditionsdacontraction: (132 is monotonic in
w, (2) Q2 is discountable. This implies that only one fixed point esishereQ (W (w)) = W(w).
Defining the reservation wage as the wage at which an agerdiféerent between accepting a
job and continuing search, this impligd:(w?) = Q, which is unique, where '™ stands for the
reservation wage.
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The probability of receiving more than one offer within arintesimal interval of time is
virtually zero ¢ — 0). Hence, in continuous time, the Bellman equation in 2.28aerably
simplifies:

rQ = (b— ) + A / max(0, W (w) — QJdF(w). (2.30)

Knowing that:w = rW (w) andW (w®) = €, we obtain:w® = rQ, which yields:

(e 9]

wi=b—c+ % /(w —wdF(w). (2.31)

wPR

Applying integration by parts to Equation 2.31 yields:

wh

E(w) + /F(w)dw. (2.32)

rR_ T _
v _r—l—)\(b C>+r+/\

One could see from Equation 2.32 that the reservation wagendis on the wage distribu-

tion F'(w). Usually the distribution is characterized by the first twvoments: the mean as a
location parameter and the variance as a scale parametde gearch literature it is conven-
tional to use the mean-preserving spread as a scale paranteth characterizes the shape
of the distribution due to Rotschild and Stiglitz (1970). tlse and s, be mean-preserving

spreads of the wage offer distributidi(w). By definition of the mean-preserving spread,
JoS wdF(w;s1) = [;7 wdF(w;sy). It can be shown thaf " F(w; s1)dw > [ F(w;s,) for

s1 > s9, Which implies that the reservation wage is:

e increasing in the value of time, i.e. if leisure becomes nvataable, agents increase their
reservation wages;

e decreasing in the cost of search, i.e. when search beconresoxily, agents are willing
to accept lower-paid jobs;

e increasing in the mean of the wage offer distribution; thenitaude of the effect is less
than unity in absolute value, i.e. when the mean of the waige distribution goes up the
reservation wage will also increase but not as much;
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e increasing in the mean-preserving spread, i.e. when digpeof wages go up, agents
would not accept lower-paid jobs anymore; thisis ”. . . thesaguence of the fact that the
worker has the option of waiting for an offer in the upper tdithe wage distribution”
(Mortensen (1986, p. 865)).

2.3 Endogenous Wage Dispersion

2.3.1 Wage Dispersion Due to Worker Heterogeneity

This section is based on the paper of Albrecht and Axell (1984 important feature of their
work is that unlike many previous models, in their setting\Wage distribution is endogenously
determined. Moreover, they introduce heterogeneity ofkens who differ in their value of
leisure.

Individuals

Individuals are assumed to maximize their lifetime utilibyet the utility function be given in
the form:

U=C+vlL, (2.33)

whereU stands for utility,C' for consumption/ denotes leisure, and parametes attributed

to a "consumption value” of leisurd. in the model is a binary choice variable taking the value
of zero when an agent is working and one when he is searchimgdjvidual’'s wage rate is
denoted byw; and a non-wage income consists of "dividends™which do not depend on the
individual's employment statug; unemployment compensation is denotedbbyndividual’s
utility choice becomes:

w+0 if working at a wagew
U= (2.34)

0+b+v if searching.

The economy in the model in any period consistscahdividuals andn firms. Firms are
assumed to live forever, but individuals exits the econobth@end of any period at a rate
The key assumption of the model is that there are two typasdifiduals in the economy who
differ in the value they attach to leisure.
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Consider a two-point wage distribution in the model withandw; denoting the low and the
high wage respectively, and letbe the share of firms offering the low wage. In equilibrium,
wo Must be the reservation wage of those individuals who déoweutility from leisure, and
wy must be the reservation wage of those who derive high ufiliy leisure.

Individuals who impute low value to leisure will accept thsffiwage offer encountered, whereas
those who impute high value to leisure will search until theg offeredw;. Let 5 denote the
fraction of individuals with low value of leisure. The amduwf search in the economy - mea-
sured by the unemployment rate - is therefore an increasimgtibn of-.

Consider a search behavior of an individual with the valukeistuirer, who has drawn a wage
wy. If he rejectswy, then he "earns” leisure worth,, a hon-wage incomé + b, and with
probability 1 — 7 draws a wage in the next period. The wage sampled from a suéseq
drawing equalsv; with the probabilityl — ~; and if w; is actually drawn, then it is accepted,
resulting in an expected future life-time utility ¢fv; + 0)/7. Otherwise, he continues the
search.

The value of rejectingy, is therefore:

V=vy+b+0+(1—-1)

(L= ) ]

v +b +(1—7)(1—7)ﬂ+9 (2.35)

:1—7(1—7') l—~(l=7) 7 1

Naturally,wy is the reservation wage for the individual with the valuess$lirer,. Hence:

V= (wy+0)/T. (2.36)

Solving Equations 2.35 and 2.36 fay yields:

(I—=9)(1—-71) T(vp + b)

Wy =

If w, is the reservation wage for, individuals, then in equilibrium the value of rejecting
must equal the value of accepting:

(V1+b‘|—(9)/7':(UJ1+9)/T:>w1:V1+b. (238)
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Equations 2.37 and 2.38 give the solution for the wage bigfion. In fact, one could see that
wages are endogenously determined by the set of exogenamgiars.

Firms

Firms produce according to the linear production funcijea p - ¢, where/ denotes the amount
of labor a firm hires and is the productivity of labor, which is distributed acrossf&raccording
to a distribution functiom4(p), with the corresponding density functiafp). p is normalized
to lie within a unit interval. Le¥(w) be per period labor supply to a firm offering a wage
then the profit of this firm solves for:

M(w,p) = (p — w) - £(w). (2.39)

For a firm to be profitabley > w must hold. So firms whose productivity is less than the
lowest reservation wagey,, are out of the market, therefore only a fraction A(wy) is active.
Among active firms a fraction offersw, and a fractiorl — v offersw;. A profit-maximizing
firm needs to choose between offering a wageor w.

The authors further define a wage-indifference pgintA firm with productivityp* is indiffer-
ent between offering, or w;. Consequently, firms withvy, < p < p* will offer wy and firms
with p* < p < 1 will offer w;. The equilibrium condition is thus:

_ A(p*) — A(wy)
1 — A(wy)

(2.40)

The nominator reflects the share of firms offerimg amongall firms. Dividing it by 1 —
A(wy) gives the share of firms offering, amongactivefirms. The solution for "indifference
productivity” is:

- wlﬁ(wl) — wof(wo)
P T ) — C(wo)

(2.41)

Next, Albrecht and Axell (1984) derivw,) and/(w,). If a firm offerswy, only individuals
with the low value of leisure will accept that. Each periodk - 3 individuals with low value
of leisure enter the economy. Lettipg= - [1 — A(wo)}, there arer - 1 - 6 individuals with
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the value of leisure, per active firm entering the economy each period. All of theessrchers
contacting a firm will accept an offer. Hena#,) can be computed as the sum of theu -
agents who accept the low wage in the current periodther)r - i - 3 surviving individuals
who acceptedy, in the previous period, and so on. Therefore:

Uwe) =TpB 1+ (1 —7)+(1—7)*+..] = up. (2.42)

For a firm offeringw;, all individuals contacting this firm accept the offer and tlumber of
contacts per firm per period is the sum of:

TS vy individuals entering the economy
(1l — B) vy individuals entering the economy
(1l = B)y(1 —171) vy individuals who have searched once
(1 — B)7y*(1 — 7)? v, individuals who have searched twice,

and so on. ..

The resulting sum is then:

B+ Tu(l =1 +~v(1—7)+~*1 =71 +..] = Tl + % (2.43)
As aresult/(w,) = u3 + %

The derivation of the equilibrium unemployment rate is eatbtraightforward. In any period
there arer - k(1 — 3) agents who search for the first time; k(1 — 8)v*(1 — 7) agents who
search for the second time, and so on. Thereby, the equititunemployment rate can be given
as:

w=r(l— AL+l =)+ P12t ] = LT

o (2.44)

with
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du  7(1—p)
il ey e (2.45)

So the equilibrium unemployment rate is an increasing fonaif the share of firms offering a
low wage as required. The cutoff productivity can then beveéeras:

- wlﬁ(wl) — wof(wo) B (w1 — UJO>£(U}0> _ (w1 — ’wo)ﬁ 2 46

P ) —twy) T e — ) T A= — A=) &
Using Equations 2.37 and 2.38 one could establishithat w, = % hence:

S Sk O (2.47)

1-p

The comparative statics show that the equilibrium unempkayt rate increases with the un-
employment benefit. However, strikingly, if one can disdénate the unemployment insurance
between individuals with low value of leisure and high vahfeleisure, increase in unem-
ployment compensation for agents who impute low value wulkei decreases the equilibrium
unemployment rate!

Efficiency Issues

Albrecht and Axell (1984) established that an increase amyployment compensation leads to
higher unemployment for a broad class of productivity dsiion functions. However, they
show further that the socially optimal level of unemployrmismot necessarily zero.

Define the social objective function as per capita utility:

U =C" 4+ nu. (2.48)

The first term in Equation 2.48 represents per capita consamand the second term is the
value of leisure per capita. Per capita production (whickgsal to per capita consumption)
is the sum of production from low-wage firms and high-wage dirnfProduction from low-
wage firms is the product of (i) the number of firms offerimg, which is equal to:[A(p*)],
(i) labor supply to low-wage firms{(w,) and (iii) the average productivity of firms offer-
ing wy, which is fzfo pdA(p)/[A(p*) — A(wo)]. Hence the total production from low-wage
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firms is nf(wy) f;’o pdA(p). In the same fashion total production from high-wage firms is
nl(wy) fpl* pdA(p).

Equilibrium per capital consumption can be given theretme

ot :% [ﬂ(wo)/pdfl(p) M(wl)/pdfl(p)] =

" d . (2.49)
1
= T Awy)] {“w@ / pAA(p) + [€(w) = ()] / pdA<p>} .
Or alternatively,
pidp) G- 0)1- ) [ pdA(p)
_ﬁ/ TS0 /1 —AQp) (2.50)

p*

Defining the unemployment rate among thendividuals asu; = 7y/[1 — (1 — 7)] yields:

_5/ pdA 1—ﬁ)(1—ul)/1pdip>*. (2.51)

Then the per capita utility is given by:

oo g euon [ 2O e[S ey

p* p*

As stated before unemployment is likely to rise with unempient compensation. It is clear
from Equation 2.52 that increase in the equilibrium uneryplent rate leads to a utility loss.
However, one must keep in mind that the wage distribution alsanges wittb. Increase in
unemployment compensation raises the reservation wagsscl&rs sort out less productive
firms which cannot match their wage aspirations and workexsansequently employed by
more productive firms. Hence, the change in the wage disioibwdrives inefficient firms out
of the market. This results in a utility gain. The total effecunclear, but what is important
from this analysis is that unemployment compensation isieoessarily socially undesirable.
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2.3.2 Equilibrium Wage Dispersion with Identical Workers

The Burdett-Mortensen model is one of the major contrimgii the theory of labor economics
of the last decade. The model was able to explain the longistg question why observation-
ally equivalent workers are still paid different wages imgigQrium. As D. Margolis puts it:

Like researchers in many other fields of science, some ladmranists have been
looking for a "universal theory of everything”, or at leassofar as concerns labor
market outcomes like employment and unemployment, wagehiisons, firm
size, seniority returns, and so on. The enthusiasm with lwihe literature has
adopted the Burdett-Mortensen (1998) and Pissarides jZfiieworks suggests
that some macro-based labor economists, especially inpgutelieve they have
found their holy grail. (D. Margolis, Annotation to the bookMortensen (2003)).

This section is based on a seminal paper of Burdett and Meete(l1998) (a nice overview
of the Burdett and Mortensen (1998) model can be found in Men(2003) from where the
notation is borrowed). Consider an economy with- firms and My, workers. LetMy and
My, be fixed and denot&/ = Mp/My,. It is assumed that each firm opens but one vacancy.
The inflow of job offers to unemployed workers is a station@oysson process with the arrival
rate \. Employed workers may search on the job. Workers are honemgen Let the arrival

rate of job offers to employed workers be alsalobs are also destroyed for exogenous reasons

I : 4]
at rated. Equilibrium unemployment rate is then= Y

The fraction of workers receiving wageor less is given by:
IF (w)

G(w; F) = I —F@))’ (2.53)

where F'(w) is the distribution of wage offers, which is to be endogehpdstermined. The

separation rate of workers in a firm paying a wags 6+ A(1—F'(w)). The first term represents
the flow of employed workers into non-employment and the sé¢erm is the flow of workers

to other firms offering a higher wage than

The inflow of workers to a firm paying a wageis:

A oA

et (=G P = o (2.:54)

. " A .
whereAu /M is the rate of recruiting from non-employment aﬁl(l —u)G(w; F) is the flow
of workers from other firms paying less than

The steady-state labor supply of workers to a firm is then:
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oA

B A1 = (o) (2:55)

L(w;F):M

Employed workers are identical in productivity. Hence, amrker employed at a firm gener-
ates a product worth. The profits of a firm solve:

SA(p — w)

m(w; F) = M+ A1 = F@)E (2.56)

Each firm sets a wage to maximize profits. In steady-statetpuffirms should be equal irre-
spective of the wage set to preserve a non-degenerate wsigbution® Suppose that workers
value their leisure ai, which would be the reservation wage for non-employed watk&hen
the steady-state level of profits is given by:

SA(p —b)
F) = —= 2.57
This gives solution to the equilibrium wage offer distritaut
0+ A p—>b
and the distribution of observed wages:
) p—>b
=— — —1]. 2.59
-3 [\[=2 - os
The expected observed wage in the economy is then:
4] A
E(w) = T /\b+ Y (2.60)
. . : : 0 \?2
The lowest observed wage in the economy is hérened the highestigs — (p — b) <5+—)\> :

25



The phenomenon of wage dispersion has been attracting rtteatian of many labor economists.
Human capital theory attributed these differences in payat@ation in human capital across
workers (see the seminal work by Mincer (1974)). However, 8bservable worker character-
istics that are supposed to account for productivity défifees typically explain no more than 30
percent of the variation in compensation across workergMortensen (2003, p. 1)). Although
controlling for firm-specific effects can explain about 70#wage variation the question still
remains: Why firms follow different wage policies and why ganworkers within one firm
are still paid differently? The seminal paper by Burdett &uattensen (1998) presents a model
where identical workers are still paid differently in edgoilum. The model has been modified
in several ways to make predictions about the shape of the @istribution more consistent
with observed data (see e.g. Bontemps, Robin, and van den(B@d0) and van den Berg
and Ridder (1998)); but even in its simplest form the moddll teds much light onto the
phenomenon of wage dispersion.

2.4 Conclusion and Empirical Relevance

Models presented in this chapter give an overview of devekgs in the job search theory.
Search theory has been successfully applied for variousrealpquestions. For example,
Burda and Profit (1996) apply the theory of locational se&wastimate the matching functions
using the Czech data (the rate at which unemployed workersnatched with the available
vacancies). Kiefer and Neumann (1979) empirically testhyygothesis of the search theory
that the reservation wage is constant over time.

Most interesting are probably the so-called structural esd For example, in the unem-
ployment duration analysis, each parameter of the soechieard function (see Section 4.1)
A1 — F(w®)) is estimated. Using the functional relationship betweeanysloyment dura-
tion and the hazard function, the reservation wage and @kegenous variables, and wage
offer function and observed wages it is possible to estirsaparately\, w', and F'(w), which
are called structural parameters (therefore the notion¢giral model”). For identification of
the model reservation wages should be obsénfed partially observed) and structural form
restrictions are applied. Therefore not many datasetgvatlentification of the structural pa-
rameters of the model. A recent example of the structuralehcan be found in Frijters and
van der Klaauw (2006). Authors introduce the nonpartiegradption into van den Berg (1990)
model (a special case of this model can be found in Section BHe authors use the GSOEP
data for the period 1989-1995. The main difference of thipieical work is that the authors
explicitly allow for exits into nonparticipation. Frijterand van der Klaauw (2006) define the
withdrawals as being coded in the GSOEP data by "maternéyele "housewife or house-
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husband” or "other”. The reservation wages of the unemplogdividuals are reported in the
data (if an individual was unemployed at the date of the ui&r). Unemployment benefits
are partially observed and are comprised of unemploymentamce and unemployment assis-
tance. If not, the authors impute them by regressing the tdzgnefit on the previous wage
and other individual characteristics. Using the GSOEP thataauthors aim at identifying the
wage offer distribution, the job offer arrival rate, theabsint rate, and the instantaneous utility
of nonpatrticipation. The wage offer distribution above taservation wage can be identified
through the accepted post-unemployment wages after thraplogment spell. The tail below
the reservation wage cannot be identified (see Flinn and iHarl(1982)). Knowing the dis-
tribution of offered wages and the reemployment hazard on&lddentify the arrival rate (up
to certain normalization). The instantaneous utility ohparticipation can be identified from
the length of the unemployment spell until withdrawal frame tabor force and the reservation
wage before withdrawal. The discount rate can be identifidteireservation wage and its first
derivative is observed. The authors find that the wage digian facing unemployed workers
shifts downwards with the unemployment spell. The authayseathat the shift of the wage dis-
tribution can be attributed to the loss of skills. Moreovbey find that the fastest loss of skills
occurs during the first year of unemployment. Hence, thearstbuggest that the measures
aimed at halting the loss of skills should be taken durinditiseyear of unemployment.

An important phenomenon, which is yet missing in the normtary job search models, in my
view, is a tradeoff existing between duration of unemplogh@nd withdrawals from the labor
market. In the next chapter | will demonstrate the existafiegradeoff between unemployment
and participation. Hence, a change in a variable which tesulreduction in unemployment
duration would result in more exits into nonparticipatiorddaherefore reduce the participation
rate. This tradeoff poses certain problems for compari$tabor market performance and esti-
mation of survival rates. Empirical methods for correcting estimated job-finding probability
will be discussed in Section 4.2. The relevance of this wéde policy issues is also discussed.
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Chapter 3

Nonstationarity in the Theory of
Job Search and Withdrawals from
the Labor Market

3.1 Theoretical Framework

The model built here is in principle a dynamic variant of MdGa970) (see Section 2.2.2).
Unemployed workers are identical and live forever. Theyspss the knowledge about the
parameters of the wage offer distribution, but they havenharmation when job offers arrive
and what wages are associated with them. Once accepted by, avrkers must immediately
reply (accept the job or decline), so no waiting is allowedc®the job is rejected it cannot be
recalled. Searching involves a direct cogter period. Hence, by not participating agents can
always enjoy the "pure” leisure (without incurring the cestThe arrival rate is assumed to be
declining over time, which is the special case of van den B£8§0). The probability that an
agent receives job offers is given by a Poisson probabiigiridution:

€_>\(t)T L
o(m, T \(#)) = ij!(t) " (3.1)

Searchers discount at a ratér). When an agent receives job offers, he picks the best one.
Definew,, = max{ws,wy,...w,}. The distribution of accepted offers is an extreme value
distributionG(w,,) with a density functiory (@, ).

The Bellman equation for the optimal value of search can bengas:
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B qlm, 7, A®) [ max[Q(t), W(w)] dG (d,,) + (0, 7, AE)Qt +7) | =
> qlm, A1) [ max [0, W(w) — Q(t)] dG (i) +

g(0, 7 X))t +7) + > q(m, 7, A(£)Q(t) . (3.2)

In continuous time the function of reservation wage can bergas:

whi(t) =b—c+ @ /C:(t) (w — wh(t))dF(w) + d;U' a(l;)’ (3.3)

wherer stands for the discount rate. It is assumed that the ar@taldeclines over time and
equals zero at timéd", formally, A\(t > T) = 0 (in principle T' could be equal to infinity).
If nonparticipation option is unavailable, the lowest pbksreservation wage i — ¢ (the
unemployed has the option of rejecting all offers and kegpckeng). Consider now the case
when the unemployed may withdraw from the labor market, @t searching. In this case,
the unemployed will still "earn” the value of leisurte,(which is the utility of nonparticipation)
but without incurring the search castThis implies that there is a critical time, denote ittas

, such thato*(t*) = b andw?(t > t*) < wB(t*) < wfi(t < t*). Sincewf(t > t*) < b it

is not optimal anymore for a worker to search afteand at that time the unemployed worker
drops out of the labor market. Tipdtentialsearch time is then the maximum amount of time
an agent is willing to allocate to his search and is equél to

Figure 3.1 shows the reservation wage as a function degliover time. Time at which the
reservation wage equals the value of leisdras the potential search time. At the worker
drops out of the labor market (does not actively search) andivesh. The reservation wage
eqguation can be rewritten as a differential equation:

wh(t) = max [b, b—c+ @ /j(t) (w — wh(t))dF(w) + d;URCE? : (3.4)

The model shows that &t, when an agent drops out of the labor force, his reservatagew
equalsh. Solving the differential equation in 3.3 far’(¢) and substituting for w'(t*) gives
the solution fort*. The potential search time implies the maximum time an urieyago worker
is willing to allocate to his search. This means that aftehe worker withdraws from the labor
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Figure 3.1: Declining Reservation Wage

market under condition that he has not accepted a job wittisngeriod. An important result
is that the dropout time is not a random variable, it is ¢heice€ variable for searchers. The
potential search time;, is known at any point in time and it does not depend on whether
unemployed worker finds a job or not, butabservedonly if a worker fails to find employ-
ment until timet*. Looking at Figure 3.1 one can see that exogenous factorshwhish the
reservation wage up also increase the potential search time

3.2 Unemployment Participation Tradeoff

The instantaneous probability or hazard of transition froramployment into employment can
be written as:

o(t) = A1) |1~ F(w™(1))] (3.5)

Measures which reduce reservation wages of the unemplogekers increase the hazard of
exit from unemployment into employment. However, as it wiasaaly mentioned in Section
3.1, lower reservation wage imply shorter potential sea@dnsider a group of identical work-
ers (call them group 1) with a search cost These workers have identical reservation wages
wf, and the length of potential search for themtisThe fraction of exits from unemployment
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into employment id —exp <— fotf qﬁ(t)dt) . Consider a second group of identical workers of the
same size for whom the search costsissuch that; < ¢y, so thatw’ > wf andt? > t;. The
second group has a higher hazard rate (of exiting from ungynmpnt into employment) for a
given point in time asv’* > w%. However, this does not necessarily mean thatathsolute
numberof exits from unemployment into employment of the secondigris larger. Workers
with reservation wagess* who have not accepted any job untjl withdraw from the labor
market. Workers with reservation wage§ do not drop out at; but continue their search until
t¥. Whether the number of transitions into employment dutihg ¢t; may compensate the
difference in the number of exits from unemployment into &ayment duringt; is ambiguous.
Figures 3.2 and 3.3 show possible scenarios when reserva#iges change.

Figure 3.2 shows the first possible scenario. The reservatimge of the first group i
(dashed curve) and the potential search tiinend the share of exits into employmentAis
The reservation wages of the second groupXs(solid curve), the potential search timetis
but the share of exits into employment#s, which is greater tha;. Figure 3.3 shows the
second possible scenario. Here the potential search oétoed group ig5, such that the share
of exits into employment’, is smaller tharP;.
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©
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Figure 3.2: The tradeoff between the job-finding hazard and potenteicetime: Scenario 1

This tradeoff between the probability of finding a job and lgregth of potential search poses
certain problems when one tries to compare performanceffefant labor markets. If we look
at Scenario 2 and consider only unemployment durationsvleemight get an impression that
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probability

Figure 3.3: The tradeoff between the job-finding hazard and potenteicketime: Scenario 2

group 2 have better job-finding chances as the reservatige withe group 2 is always above
that of the group 1 for any fixed However, once we incorporate the change in potential Bearc
time, we could see that the overall job-finding probabilitygmup 2 is lower.

3.3 Simulations

For the numerical simulations the function of the arrivéénaas chosen to be linear in time and
be of the form:

A—t-kift- k<A
A(t) =
0 otherwise

Consider a poinf’, such thatl’ - k = A andA(7") = 0. The parameter values were chosen to
be: A = 0.018, k = 0.01, T = 18 months. Moreover, the reservation wage function would have
the following form:

At)

> dw™
wf(t) = max|b,b+a —c + - /wR(t)(w —wh(t))dF (w) + - ;z)] : (3.6)

where« is the unemployment benefit which the unemployed workerivesevhile searching
but not in the case of nonparticipation. The wage offers weteo be uniformly distributed for
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the sake of simplicity with the infimurmv; = 400 and supremunw;; = 5000. Utility of non-
participation and search costs are chosen to be equal tea¢00 €he amount of unemployment
insurance benefits (Ul) was chosen to be equal 300 in the badelmn Model 1, Ul = 350
and in Model 2, Ul = 200. Reservation wage paths of three nsoalel shown on Figure 3.4. In
Model 3, all parameters were chosen to be the same as in therimsel except for the arrival
rate which is equal to 0.02 in Model 3. Theoretical consitlens in Section 3.1 would imply
thatw®(T") = b — ¢ which would serve as an initial condition for solving thefelitntial equa-
tion 3.6. For each model the potential search time and theutative job finding probability at
the time of withdrawal were calculated, which can bee se¢hariable below.

600

500

400 -

300

200

100

Table 3.1: Parameters and results of the simulated models

Model Unemployment Arrival

Potential

insurance (Ul) rateX) searchtime job-find. pro

Cumulativ

11

I

Base 300 0.018
1 350 0.018
2 200 0.018
3 300 0.020

7.10
10.70
1.50
9.10

0.64
0.74
0.24
0.76

15

20

- = wR(1),M2

wR(t),M1

wR(t),base

Figure 3.4: Reservation wage paths

It is apparent from Figure 3.1 that an increase in the uneynpdmt insurance benefits pushes
reservation wages up. However, Table 3.1 shows that theetgmgtential search induced by
an increase in the unemployment insurance benefits moretdmpensates the negative effect
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of higher reservation wages on employment prospects. Tiessdts are partially in accord
with the empirical results of Frijters and van der Klaauw@@)) These authors find that a
reduction of unemployment benefits by 50% increases theep&rge of individuals finding
a job within 12 months from 60.3 to 66.5% which is statislicahsignificant. However, the
estimated effect of the benefits on the probability of an iexd nonparticipation is positive (a
50% reduction of unemployment benefits reduced the sharetsfieto nonparticipation from
6.1 to 5.2%). This seems to be in discord with the theory. Teblpm could have arisen from
the definition of the unemployment insurance benefits. THmitlen of benefits in Frijters
and van der Klaauw (2006) covered the unemployment insarbanefits and unemployment
assistance (which is of unlimited duration). Recalling &ipn 3.6 it seems more plausible that
unemployment insurance benefits affect amlgnd unemployment assistance affects the utility
of nonparticipation.

Concerning policy implications, the simulation result®whthat reducing the level of unem-
ployment insurance benefits may even worsen the situatiertala higher transition rate into
nonparticipation. Further work is required to identify get of parameters which make unem-
ployment drop with higher unemployment compensation.
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Chapter 4

Empirical Estimation of Duration
Models

4.1 Estimation Methods

Due to a tradeoff between unemployment and participatisnit, @as shown in Chapter 4.1.3,
unemployment duration or survival rate might not always bedjindicators of labor market
performance. The empirical model presented in this chaghtews that care should be taken
when interpreting the results of a duration model estinmedi®the conditional job-finding prob-
ability estimated in a duration model may be significantlyedlent from an unconditional job-
finding probability when the dropout rate is non-negligible

The theoretical model set up in this work gives insight ifte search process of workers. The
exogenous factors determine the reservation wage and hieugrobability of finding a job.
Moreover, it has been shown that the parameters of the miféet ¢he time an unemployed
spends looking for a job. Unfortunately however, there igloged-form solution for the reser-
vation wage, as it involves solving integrals with varialdteits of integration. Therefore, we
cannot determine the elasticities of reservation wage weisipect to the set of exogenous pa-
rameters analytically.

An offer is accepted only when the offered wage exceeds thervation wage. Hence, the
probability that a worker is "matched” at tintas given by:

0 me— (t)t
y AOTe T i (1-F7 (™) (4.1)

m=0
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One could see that when no application is successfulyi.e. 0, the probability in Equation 4.1
is zero. Equation 4.1 states that the probability of a matdsgip with the arrival rate and goes
down with the reservation wage. Hence, without knowing #spective elasticities, the sign of
the effect of any parameter on the probability of a match oabe determined. For instance,
when the arrival rate in the economy rises, agents will iaseetheir reservation wages at the
same time, so they become pickier and could search longigthey have found a suitable jdb.

Simplifying Equation 4.1 yields:

PrT <) =1— e_A(t)t(l - F(wR)), 4.2)

wherePr(T < t) means that the time when an agent finds a jBbhappens before. Of
course, if the solution for the reservation wage existedased form or could be observed,
estimation of Equation 4.2 would have been straightforwhlavever, many levels of recursion
and nonlinearities make it impractical for empirical apptions.

Before going into explanation of the estimation methodsduld be helpful to introduce fol-
lowing definitions and notation®(¢) = Pr(7" < t). In duration analysis this is called a failure
function, which specifies the probability that the spellilfabefore timet. In our case, the

"failure” is a change of state for a worker from "unemployeéd™”employed”. The survival (or

survivor) function,S(t) = 1 — ®(¢), is the probability that the "failure” does not occur before
: : o . . :

timet. The hazard functiony(t) = % is ... the rate at which spells will be completed
at duratiort, given that they last until’ (Kiefer (1988, p. 651)Y. A tractable approach to tackle

the unemployment model empirically is to define the hazandtion as:

6(t) = A(t) (1 - F(wR)). (4.3)

Then one must specify the functional relationship betwéenhtazard function and the set of
exogenous parameters. A convenient starting point is therential specification. As Kiefer
puts it: "The exponential [distribution] is simple to workitv and to interpret, and is often an
adequate model for durations that do not exhibit much vianatin much the same way that
the linear regression model is simple and adequate if the diatnot vary enough to reveal
important nonlinearities).” (Kiefer (1988, p. 552)Dther specifications are considered in the
next sections: Section 4.1.1 describes the exponential\eilull distributions, Section 4.1.2
gives an overview of the Cox method, Section 4.1.4 desctie&aplan-Meier product-limit
estimator.
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4.1.1 Parametric Methods
Exponential Distribution

When the duration distribution is specified the model cowddestimated by the method of
Maximum Likelihood. For an exponential distribution thezbed function can be given as:

¢(z, B) = e"” (4.4)

The expected duratio(t) is e ==, The log-likelihood function can be given as:

InL = Z dizi 3 — Z t;eiP, (4.5)

whered = 0 if an observation is censored add= 1 if it is uncensored. The respective
derivatives of the likelihood function are:

= St = Yt

?InL /
— X $7ﬂ Y
- = g tie"i ;.

(4.6)

One could see that the log-likelihood function is concawajmerical maximization is straight-
forward to apply.

Weibull Distribution

The Weibull model specifies the hazard function as:

d(A\ t, B) = Aa(At)* L. (4.7)

To facilitate estimation the following transformation wdbe useful:(¢t\)® = ¢“. Then the
distribution function for the Weibull isiF'(w) = 1 — exp(—e®). Letting A = exp(2’3) and
a=1/o:
w = Bl =@ (4.8)
g
It is obvious from Equation 4.7 that the Weibull distributics simply a generalization of the
exponential distribution, where the latter is a speciakcakthe Weibull distribution when

a=1.
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The observed random variable is:

Int; = ow; + ;0. (4.9)

The log-likelihood can be given by:

InL = Z [dl(M — lna) — eXp(Mﬂ, (4.10)

- g o
i

whered; = 0 if an observation is censored aigd= 1 otherwise.

4.1.2 Proportional Hazard Specification and Semiparamet Estimation

Proportional hazard models, namely the Cox regressiore(degd by Cox(1972, 1975)), are
popular in econometrics of duration data as the baselinertiareeds not to be specified which
makes the model rather flexible. In this model the hazardtfongs specified as:

o(t, x, 8, o) = Az, F)o(1), (4.11)

whereg, is the "baseline” hazard, correspondingita:, 3) = 1. Specifying the arrival rate as
Az, B) = exp(2’3), yields:

o(t,x, 3, ¢o) = " Py (t). (4.12)

The algorithm of the Cox regression can be explained asvisll@he completed durations are
orderedt, < t, < ... < t, ° the conditional probability that observation 1 *fails” atrdtion

o(t1, 21, 0)

t1, given that any of the observations could have been concludet] & S bty 7, 3) -

In the proportional hazard model this expression reduces to

Az, B)

—2?21 N B) (4.13)

which 4.13 is the contribution of the shortest spell to thellhood function. In the same
fashion, the contribution of thg" duration (given that the spells are ordered as describetibo

IS S0 Az, B) . The likelihood function is then:

In L(B) = i(ln Mai, ) — In [Zn: A(xj,ﬁ)]). (4.14)

i=1 j=1
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4.1.3 Competing Risks

Competing risks imply that there are several possible way#ich the spell can end or several
possible destination states from the state where the pensprocess dwells. For example,
in medical research the treatment of the disease may endr@dtvery or death, in political
science the legislative term (for example in parliamenty evad due to retirement or assumption
of another public office (be it a minister or a governor). I of the theoretical model
presented in Chapter the unemployed worker may become getplor withdraw from the
labor force. The conventional and most widely used methogstifating the competing risk
models is to assume independence of risks. In this case renediimates the model treating the
failures due taisk 1as uncensored, considering the failures dugsto2 as censored. Secondly,
one estimates the model with failures dueaigk 2 as uncensored, treating the failures due to
risk 1 as censored. This could seem quite strong an assumptioneugowor conventional
estimation techniques tleonditionalindependence suffices, i.e. independence is assumed after
having controlled for all the covariates. Put it another whg errors in the first and the second
regression must be uncorrelated. If the assumption of ienégnce of errors is fulfilled, the
competing risk model can be handled as a single risk modhlatiter risks treated as censored
(see among others Katz (1986), Gonzalo and Saarela (2004)),aQd Correa (2003), Wolff
(2003), Wolff and Trubswetter (2003), Fitzenberger antké/{2004), Wolff (2004)).

The dependent competing risks are still a field with whitets@s identification arises as a
problem, since once a person leaves his current state ka,rihen the duration until the
exit via risk j is not observed. Although much work has been done to idetttymodel,
overall identifiability is still debatable. Hausman and H&890) devised methods to handle the
dependent competing risks. They estimated the full mod#l wibivariate error distribution.
They claim the model is identified only when there are as mamyicuous regressors as there
are competing risks. Their likelihood function had to be mazed with respect to exogenous
parameters); and3,, respective variances, ando,, the coefficient of correlatiop, and the
unobserved mean duratiofsandts.

One of the approaches to handle the competing risks is tev #fle correlation of errors due to
unobserved heterogeneity. Hence, once unobserved hetaitygis accounted for, the errors
are not correlated anymore (see Hougaard (1987) for an ievexvThese are also known as
frailty models. For example, using French data van den Berg, van legnawd van Ours
(2003) estimated a model with independent errors but aigélheterogeneity terms. How-
ever, they could not reject the hypothesis of heterogemsitypendence. Gordon (2002) used
generalized dependent risk model of government office murditut also commented that the
generalized dependent risk model did not offer improverogat a stochastically independent
risk model.
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4.1.4 Nonparametric Methods: Kaplan-Meier Product-Limit Estimator

Nonparametric methods does not use underlying theory tiraiethe model to any specific dis-

tribution. They are more "data-suited” than "theory-sditeHowever, graphical representation
of nonparametric estimates of survivor function could beadystarting point before going into
parametric methods as it may give some hints about the fumadtiorm of the hazard function.

For the sample of observations with no censoring the survivor function is:

S(t)=n"". (4.15)

When censoring is present Equation 4.15 should be modified.n¥éd to ordecompleted
(uncensored) durations in the sample in such a waytthatt, < ... < t; (from the shortest to
the longest), with' < n if at least one observation is censored (the spell is not éetegbat the
calendar time the study terminates) or if there are ties {fwmore observations have the same
duration). Definé:; as be the number of completed spells of duratiofior j = 1,..., K. Let

m; be the number of censored observations betweamdt;.; and letn; be the number of
spells either completed or censored after duratjon

K

izj

The hazardyp(¢,) is the probability that a spell ends 8t given that it lasted untit;. The
estimator forp(¢,) is:

O(t;) = hy/nj, (4.17)

which is the number of "failures” at duratian divided by the number of "potential failures” at
durationt;. The estimator of the survivor function is:

S(6) = [T = T -, (4.18)

! n
i=1

which is called the Kaplan-Meier (due to Kaplan and Meie58) or product-limitestimator.
"Essentially, this estimator is obtained by setting thénested conditional probability of com-
pleting a spell at; equal to the observed relative frequency of completian"gKiefer (1988,

p. 659)). One could see from Equation 4.18 that the estintktes not involve any explanatory
variables and does not account for heterogeneity of the ttigace to apply the product-limit
estimation, the data should be split into homogenous groups
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4.2 The Kaplan-Meier Estimator and Withdrawals from the
Labor Market

Consider the next simulation scenario. | generated 100sspiel000 unemployed individ-
uals all of whom eventually find employment, i.e. all spells ancensored. The job finding
probability (I would call it the counterfactual here) is repented by the solid curve in Figure
4.1. Now suppose that for a group of workers who find jobs beiwe= 508 and¢ = 585 the
potential search time; is 508. These workers have not found jobs unt# 508, hence, they
withdraw from the labor market at this point in time (in thigifcial data there are about 250
workers who have not found job until= 508 butwould have found at 508 < ¢ < 585 if they
had searched longer). If we treat these observations asreghthe estimated job finding prob-
ability would correspond to dashed curve in Figure 4.1 (lkapVieier estimates). However, it
does not correspond to the true job finding probability. Tded cumulative job finding proba-
bility is about 75 percent, since some 250 unemployed wer&at of 1000 withdraw from the
labor market anecheverbecome employed (represented by the dotted curve in Figliye But

if we look at the dashed line, the estimated probability éxjaae at highest value of This is
because duration models estimate the conditional job finpirabability.
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Figure 4.1: Job-finding Probability Simulation

Recall the Kaplan-Meier estimator of the survivor functgiven in Equation 4.18. If an indi-
vidual withdraws from the labor market gtthen att; this observation is treated as censored
and att;;, this individual is no more "at risk”. As a result the more imdiuals withdraw the
lower isn; at larget and hence lower the survival rate and higher the job findingaibility.

If we do account for the dropouts, i.e. consider them "at’riblen the job finding probability
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would be represented by the dashed curve in Figure 4.1, whitliis case overestimates the
real share of job findings as it estimates twaditionaljob finding probability, in this case -
conditional upon staying in the labor market and not withadng. In a situation where dropouts
are not negligible it may be advisable to use the unconditif finding probabilities as a basis
of comparison of the labor market performance.

To illustrate the idea consider the share of job findingsnagtito be given as:

Ey

)= — " 4.19
p(t) 0T E 1D (4.19)

whereF; denotes the number of workers who find jobs at tiqé, - who remain unemployed,
andD; - who withdraw from the labor market. The survival rate atdifis then given by:

T
S(T) =101 - pt), (4.20)
t=0
and the job finding ratet — S(T"). However, if we estimate the duration model using conven-
tional methods the denominator in Equation 4.19 would’be- E; as the withdrawn workers,
D,, would not be considered 'at risk’.

When we estimate the duration model using the Kaplan-Me&thod, the survival rate is given
by:

T

S(T)° =[] = (1)), (4.21)

t=0

, E
with p(t)¢ = J: z

. t t : :
probability of employment at timecan be given as:

being a conditional probability of finding a job. The uncdiwhal

p(t) = p(t)(1 = p(t)"), (4.22)

wherep(t)? is the unconditional probability of withdrawing from theblar market. The uncon-
ditional dropout probability can be given as:

p(t)* = p(t)*(1 = p(1)), (4.23)

D

with p(t)% = !
ﬂ) 0D _ |
solving the system of Equations 4.22 and 4.23f@y would yield 4.19.

being a conditional probability of dropout. It is easily ¥able that

To find the unconditional job finding probability we would fuseed to recode the end of spells
for the withdrawing individuals té = oo, i.e. they never find job¥. For practical reasons it
suffices to replace the end of spell for the withdrawing imtlmal with¢ = max(¢).
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For illustration | estimated conditional and unconditibjud finding probabilities for unem-
ployed German workers. For empirical estimation the 190632data sample of the IABS
dataset has been used (description see in Appendix A.12 andel® Haas, and Klose (2000)).
The analysis is restricted to unemployed females. The cdsgrais drawn between four
groups: singles in West Germany, married in the West, singl&ast Germany, and married in
the East. The data contain the information when the unempoy spells ended with an em-
ployment begin. As a proxy for withdrawals from the labor k&dithe coding "not available to
the labor market” has been used. If an unemployment speitesrupted for less than 30 days
(during which the unemployed worker is not observed in threa) and after that is coded
again as unemployed the two broken spells are considereteasontinuous spell (see Fitzen-
berger and Wilke (2004)). If the spell ended in a way othentraployment or withdrawal (for
example, the entitlement period for unemployment insugdoenefits ended) it is considered as
censored. Naturally the unconditional job finding proh#bs are lower than the conditional
ones. Figures 4.2 - 4.5 show the estimated conditional andndhitional probabilities.

job finding probability

0 200 400 600 800 1000
duration in days

Figure 4.2: Single females, West Germany. Solid line - conditional heasline - unconditional job
finding probability.

The conditional and unconditional probabilities do nofetimuch with duration of unemploy-

ment less than a year. This implies that in the first year ompieyment the withdrawal rate is

negligible. However, after about one year of unemploymemnation the discrepancy between
the conditional and unconditional probabilities grows aserand more unemployed withdraw
from the labor market. Comparing Figures 4.4 and 4.2 we ceedothat single females in West
Germany have higher employment prospects than their Basbenterparts. After one year the
cumulative job finding probability is about 0.6 for femalaghe West and about 0.4 for females
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job finding probability
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Figure 4.3: Married females, West Germany. Solid line - conditionakldad line - unconditional job
finding probability.

in the East. If we look at Figures 4.5 and 4.3 we could see Heawithdrawal rate for married
females in the East is greater than for their Western copates (this could be seen by a larger
gap between the estimated conditional and unconditiolgiilities). Higher withdrawal rate
in the East indicates that the returns to search relativegatility of nonparticipation are lower
in the East. This could be driven by many factors which carbeanswered here (lower wages,
lower arrival rate due to fewer vacancies, faster skill Josgher utility of nonparticipation). If
we look at the conditional job finding probability for mawigéemales in East Germany, we get
an impression that after a year of unemployment almost a Bfptage point improvement in
job finding probability is possible (from about 0.4tat 365 to about 0.7 at = 900). However,

in reality (if we look at the unconditional job finding prohkbtdy) after about 400 days of un-
employment no more improvement is possible. This implias the increase in the cumulative
job finding probability after about 400 days is artificiallyiveen by a diminishing number of
persons "at risk”.

In the light of the theoretical model, the estimation restall us that the potential search time,
t*, for many female workers is about 400 days. After 400 daysnaimployment their em-
ployment chances become low, the returns to search do net toe search cost anymore, and
they withdraw from the labor market which results in a flat filding probability aftert*. This
could be for example driven by skill depreciation, which \Wblre in accordance with findings
of Frijters and van der Klaauw (2006) who find that the fadiest of skills occurs in the first
year of unemployment. If this is true, this could mean th&grad year of unemployment skills
depreciate so much that employment chances become verynidwreemployed workers quit
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Figure 4.4: Single females, East Germany. Solid line - conditionalhdddine - unconditional job
finding probability.

the labor market. This implies that the gain from active latmarket policies that halt a skill
loss (or improve skills) is greater with an early interventthan with a late one.

45



job finding probability

0 200 400 600 800 1000
duration in days

Figure 4.5: Married females, East Germany. Solid line - conditionakieal line - unconditional job
finding probability.
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Chapter 5

Spatial Search Theory and
Commuting

5.1 Introduction

Interregional mobility has long been regarded as an impo@adjustment mechanism equi-
librating regional disparities in wages and unemploymeMst of the works dealing with
mobility concentrate on migration thereby belittling tloder of commuting in interregional in-
teraction. Interregional commuting, however, is an imgotprocess regulating the functioning
of regional labor markets in many modern economies. In Geyirfar example, about 30% of
employed individuals in 1997 worked at locations other ttiemr place of residence (with lo-
cations defined as NUTS-3 regions).

Another problem in studying the commuting process is thastmbthe works on commuting
are purely empirical (for example Raphael (1998)) or usaittivcational search models, i.e.
without explicitly allowing for search across locationg)eEliasson, Lindgren, and Westerlund
(2003)). It seems natural to build commuting models on se#reory!! However, models
explaining search of the unemployed workers for jobs acspsdial units are rare. Some of
them like Burda and Profit (1996) use the "urn” principle iadition of Pissarides (1979) where
the distribution of wage offers is degenerate (see SectidrBR In this setting there is no
reservation wage property because all jobs are equally paiel search strategy is then simple
- accept the first offer or do not participate at all. In Burdal &rofit (1996), however, agents
optimize their search intensity.

Molho (2001) allows non-identical non-degenerate waggitdigions at different locations and
exogenous separations. The similar approach with minorifloations has been adopted by
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Damm and Rosholm (2003) and Arntz (2005). All of those modekd with the search-migrate
decision. There are several works on commuting which aredbas spatial search theoretical
models (see e.g. van Ommeren and van der Straaten (20059)ke inthe classical search
models, which assume wage dispersion, van Ommeren and v&irdaten (2005) allow for
constant wages but dispersion of distances to work. Ungregdlindividuals in their model
solve for maximal acceptable travel distance.

In this chapter, | allow for wage dispersion across regiams @avel costs between regions.
Hence, reservation wage is not unique to an individual, agent sets different reservation
wages for the "local” and "distant” region. Moreover, | alldor arrival rate to be the function
of search intensity and therefore unemployed workers vegeb offers only in those regions
where their search intensity is nonzero. In this settingnlg&imal acceptable travel distance is
determined by the condition of nonzero search intensityillbe shown that exogenous factors
in the home region affect the reservation wage and searehsity in the "distant” region and
vice versa. The model shows that the circle of possible cotimgulestinations is bounded
and the maximum distance a worker is willing to commute i€drined by exogenous factors
in the model. It is also shown that the maximal travel distaocandition involves a selection
mechanism which is further addressed in the empirical model

Most importantly, | address in this chapter the problem afliional search-theoretical ap-
proach when the wage offer distribution is asymmetric arsgphelisions in the two tails of the
distribution may vary independently of one another. The le@odel predicts increase in the
reservation wage with the mean and the mean-preservinggpfehe wage offer distribution
(see for details Mortensen (1986)). However, the meanepvey) spread, i.e. changing the
spread holding the mean constant implies a symmetric birgfor compression of the wage
distribution which is problematic in the empirical contektthe wage distribution is not sym-
metric and variances in the left tail and in the right tail alewed to change independently then
the mean-preserving spread is not an adequate measure renfaspmmetric changes of the
dispersion in the left and right tail will change the mean &H)\wA good solution to this prob-
lem could be using median as a location parameter of thelaistyn and the median-preserving
spread in the left tail as a scale parameter for the left tadl the median-preserving spread in
the right tail as a scale parameter for the right tail of thgevdistribution (see Moller and Al-
dashev (2006b) who first point to that problem). It will be winathat if the wage distribution
is not symmetric and variance in two tails of the wages diatron can change independently
of one another, the implications of the search theory diggtttange. Namely, the dispersion
in the left tail of the wage distribution reduces reservaticage and search intensity, and the
dispersion in the right tail increases reservation wagesaagch intensity. As a consequence, in
my empirical model | include dispersion in the left tail ahe right tail of the wage distribution
as separate additional regressors.
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The numerical simulations show that increasing wages in¢gen of origin and destination
by the same amount will increase reservation wages andhs@aensities in both regions.
Therefore, | use wages in destination and origin as sepeggtessors, not a ratio of wages
in the destination to the origin as it is usually done in tralition of gravity models (see for
example Hatton and Williamson (2002), Mitchell and Pain0@)).

5.2 Bilocational Search

Assume for simplicity that there are only two locations ie #tonomy: place of residence and
a distant region (extension to a multilocational modeliaightforward). Throughout the paper
I will use the terms regiont to denote the local labor market and regi®ito denote the distant
labor market. | consider here only job search decisions ekalent of regiord as decisions
of residents ofB are derived in a likewise manner. Offers to work in regiband B arrive to
the searcher according to a stationary Poisson processheitirrival rate\ 4 (64) andAz(65),
whered 4 is the intensity with which a resident of regiohsearches for jobs in the local labor
market and)g is the search intensity of a resident of regibim distant labor market, which are
to be determined endogenously. The arrival rates satisfyalfowing properties\’, (64) > 0;
Ni(04) < 0andXNy(0p) > 0; N5(05) < 0. Searching in each region involves a search cost
which is a function of search intensity. The cost functioatisty the following properties:
Ay (04) > 0; 4 (04) > 0andcz(0p) > 0; %(05) > 0.

The probability that an agent receivegob offers in regionA during periodr is given as:
€_>‘A(9A)T()\A<9A)T)n

qa(n,7) = y ) (5.1)

In the same fashion, the probability that an agent receiyeb offers in region3 can be written
as:

67)\3(93)7' 5(05)7)"
qs(n,7) = Ap(6)7)" (5.2)

n!

The distributions of job offers in regioA and B are denoted ag4(w) and Fiz(w) respectively
and are exogenously given. If the searcher receives momneoti@job offer in both regions, he
picks the best one. L&t (w;n, m) be the distribution of maximailet!? wages fromn offers
drawn fromF4(w) andm from Fz(w). The value of search for an individual residing in region
A can be given as:
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Q= (b—ca(0a) —cp(0p))T + B(T) X (5.3)

[Z Z qa(m, 7)qp(n, 7) /OOO max (W (w), Q)dG(w;n, m)+

n=1m=1

ZqA(n, 7)qp(0,7) /OOO max (W (w), Q)dG 4(w;n) +

> as(n,7)qa(0,7) /0 N max(W (w) — /7, Q)dGp(w;n) +

qB(07 T)qA<07 T>Q )

where(7) is the discount factor which is equal &0 andJ is the cost of commuting per
period. The third term in 5.3 implies that if an agent doesgeitany offer in regiorB (with
probability ¢z (0, 7), he picks the best offer (out af) in region A (given that they exceed the
value of search), s&'4(w; n) is the distribution of maximal wages fromoffers drawn from
Fx(w). Using the same logic, the forth term means that if an agees dwt get any offer
in region A (with probability ¢4 (0, 7)), he picks the best offer in regiad, soGz(w;n) is the
distribution of maximal wages from offers drawn fron¥'z(w). The second term in 5.3 implies
that if an agent receives more than one offer in each reg@pjctks the offer with the highest
wage. The last term in 5.3 means that the unemployed workertincie the search if they do
not receive any offers both in regiohand B.

It can be shown that in continuous time { 0) the third term in 5.3 equals to zero and the
value of search equation simplifies to:

TQ = b — CA(QA) — CB(QB) + )\A(QA) fooo maX(W(w) - Qv O)dFA(w)+ (5 4)
As(0p) [;° max(W(w) —Q —6/r,0)dFp(w).

It is straightforward to show that) = w% = wk — §, wherew andwf are reservation wages
in region A and B respectively.

Proposition 1 Reservation wages id (B) are decreasing (increasing) in the travel cost be-
tweenA and B. The corresponding elasticities are less than unity in &ltsovalue.

Proof See Appendix

The interpretation of Propositionl is straightforward:ighter travel cost reduces the value of
search so the reservation wage at locatibgoes down, i.e. agents become less picky and
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are ready to accept jobs they would not have taken beforeeriRdgn wage inB cannot go

down with commuting cost, as part of the wage would have tcaloefsced to cover the travel

R

. 0 o L
expenses. It is shown, however, thiatl ol - < 1, so the elasticity is less than unity in

o4
absolute value, which means that although the wage aspisatiecome higher at locatids,

the net demanded wage is lower than before, so, indeed,sagenliess picky.

It is interesting to see the effects of changes in the monaritse wage offer distribution on
reservation wages. Itis commonin the search literatureeédhe mean and the mean-preserving
spread to characterize the wage distribution due RotsemittiStiglitz (1970). However, the
classical Rotschild-Stiglitz definition of the mean-pmeseg spread says that a distributiéh
with a higher variance is a mean-preserving spread of thegldion £ if they have the same
mean and

/0 " By(@)dz > /0 " Pi(2)de®? (5.5)

The classical definition gives unambiguous results thaghdri mean-preserving spread leads
to higher reservation wages. However, the Rotschild-&tigkfinition is impaired with much
inflexibility as it implies a symmetric stretching or compseon of the distribution, which is
very unlikely to be observed empirically. If one tries to nba the spread asymmetrically
whilst preserving the mean then the results are not in acedldthe theory.

Consider an example below.

Figure 5.1: Mean-preserving spread. An example

0.5— — 0.5— —

= 0=
T T 1T T1 [T 1T 1

0 0.8751.1251.3751.6251.875 1 125 15 175 2
X X

both distributions have the mean 1.4375 and the varianc®92y

Call the distribution to the left on the figure 5£; and the distribution to the right,. Both
distribution have the same mean and the variaricer) = 1.4375 and vafx) = 0.079427.
The reservation wage function in a simple unilocationaltesnis given as:w® = b — ¢ +
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2 [(w — wf)dF(w). Letb — ¢ = 0 and\/r = 6 without the loss of generality. Then the
reservation wage of the individual facing the distributignw? = 1.28324 and the reservation
wage of the person facing,, wit = 1.27653. So despite having the same mean and variance,
these two distributions cause different reservation wagasbiguity comes from the fact that
the condition 5.5 does not hold.

As an alternative to Rotschild-Stiglitz mean-preservipgead | propose using the median-
preserving spread. To be more precise, | suggest using td@mas a location parameter of
the distribution and the median-preserving spread in théde as a scale parameter of the left
tail and the median-preserving spread in the right tail asadegparameter of the right tail of the
wage distribution (see also Moller and Aldashev (2006bd &tdress this issue).

Define the median of the wage offer distribution@asthe median-preserving spread in the
right tail asor, and the median-preserving spread in the left takasThe spread is median-
preserving if for any arbitraryr; < og, ando; < ops:

F(w;oRr) = F(w;0Re) = F(w;0p1) = F(w;0p2) = 1/2. (5.6)
Moreover,

/ F(w;am)dw</ F(w;ULQ)dw;/ F(w;crm)dw>/ F(w;ope)dw.  (5.7)
0 0 ®

w

Proposition 2 The reservation wage for regiaof increases with the median wage of regidn
and regionB (but the elasticity is less than unity) and the median-pnéag spread in the right
tail of the wage distribution of regiod and regionB. It decreases with the median-preserving
spread in the left tail of the wage distribution of regidnand regionB. The same applies for
the reservation wage for regioB.

Proof See Appendix.

Corollary The reservation wage set by a searcher for any location datesnty depend on
wages in this location, but also on wages in all other locetio

Some ideas in Proposition 2 are not new. For example in classearch models the elasticity
of the mean wage is also positive and less than unity. Howé@vestandard search models
reservation wage increases with the variance. This is Isecau. the worker has the option of
waiting for an offer in the upper tail of the wage distributidMortensen (1986, p. 865)). The
effect of the median-preserving spread in the right tail thessame interpretation. However,
increasing the spread in the lower tail of the wage distrdruallocates more probability mass
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to the jobs with lower wages and less probability mass todhs yvith higher wages. Moreover,
some of the probability mass has gone to jobs which pay waelesvithe reservation wage.
To compensate for this loss of probability mass, resermatrage declines with the median-
preserving spread in the left tail.

It is assumed that agents optimize their search effort toirmiag the returns to search. This
implies that search intensity in the regidrsolves:

d4(04) = Nal04) / Oo(w — wh)dFa(w), (5.8)

r R
A

and likewise:

/ _ ApB) [T R
cp(0p) = . . (w — wg)dFp(w). (5.9)
Wp
Proposition 3 Higher commuting costs make agents search harder in thd labar market

and less intensively in a distant labor market.

Proof See Appendix.

The result of Proposition 3 is important that it establisimerdependency of search intensi-
ties. When commuting costs go up, the net expected wage istantdliabor market decreases
and wealth-maximizing agents not just reduce their sear@nsity in the distant region, they
reallocatethis search intensity to search activity in the local labarket.

Proposition 4 Agents search harder in the local labor market and less isiterly in the distant
labor market if median wage or the median-preserving sprigathe right tail of the wage
distribution increase in the home region or when the mediseserving spread in the left tail
of the wage distribution decrease in the home region. If arediage or the median-preserving
spread in the right tail of the wage distribution increasetlban the distant and local labor
markets by the same amount, agents search harder in bottmggand if the median-preserving
spread in the left tail of the wage distribution increasetbat the distant and local labor
markets by the same amount, agents search less intensiadyhi regions.

Proof See Appendix.

As in Proposition 3 the result establishes reallocationeafrsh intensity to regions where ex-
pected wage increases. An important result of Propositisnedso that if the median wage in
both regions increases by the same amount, search ingsrisicrease in both regions.
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5.3 Maximal Acceptable Travel Cost

The next important issue which | would like to address in tiiapter is the maximal acceptable
commuting cost. The necessary condition that a residerggidn A searches in regio® is
that the returns to search in a distant labor market covesghech costs. It is then possible that
after some critical level of commuting cost the returns tarske do not cover the search costs
anymore. The condition that the returns to search are filgebby the search costs is called
here azero search conditiomeaning that at this point, a resident4fis indifferent between
searching in both regions or in the local labor market orilis possible to determine the value
of the travel cost making the searcher indifferent betwesrsting in search in regioR, or
search inA only. So far we have a system of four equations with four umkms

wh =b—ca(04) — cp(0p)+

Aa(0a) [ R w Ap(0p)

R T
A

/w Z(w — wh)dFs(w)

(5.10)

Solving this system we can find reservation waged iand B and search intensities ia and
B. In order to find the travel cost which makes an agent indifiebetween searching ihand
B and searching il only, the following condition has to be imposed:

cn(0) < 220 [ — wlyarno). (5.11)
Wg
Restriction in 5.11 sets the condition that the returns tv@dein regionB should not be less
than the costs of the searchih(the Kuhn-Tucker condition). Solving Equation 5.10 andl5.1
simultaneously in five endogenous variableg, w%, 4,0z, § yields the value of the maximal
acceptable commuting cost. If the travel costs exceedthisal level, then the returns to
search in a distant region do not cover search costs. Hemesident ofA will invest in search
only in those regions which lie within the acceptable traast. If for the ease of exposition we
assume that the commuting cost depends only on the physstahde between regions, then
Equation 5.10 and 5.11 enable us to find the maximal radiusssiple commuting destinations.
This is schematically shown in Figure 5.2.
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Figure 5.2: Circle of possible commuting destinations

In Figure 5.2 to the left we see that the circle of acceptabierauting distance around regieh
(small circle) does not include regids, hence, a searcher in regidndoes not commute t6.
But the situation changes, if, for example, wages in botloregincrease by the same amount
as in Figure A.3, the circle inflates (as on the graph to thatyignd a searcher in regiohmay
commute toB. The reverse is also true, i.e. regidnis an acceptable commuting destination
for a resident of4 (situation on the right graph). But if the wages in both regidecrease the
circle shrinks (graph to the left) and is no more a possible commuting destination.

5.4 Participation

The probability that a resident of regioh commutes toB can be given by the hazard rate
A0p)(1 — F(wk)) (probability that he is offered a job iB and the offered wage exceeds his
reservation wage). The commuter flow framto B is Sy - A(0)(1 — F(wk), whereS, is
the number of active searchers who live in regianf workers are homogenous the number of
active searchers is constant (either all or none partieipethe labor market). If wages in both
regions go up, the agents would search harder in re§iand, hence, the commuter flow would
grow. At the same time the probability of a match in the regibresidence also increases. This
is in contrast to the approach used in gravity models whereatio of average wages iA and

B is used. This approach would imply that only changes irrdtie would affect the commuter
flow and if this ratio does not change the commuter flow als@iesunchanged. Proposition 4
shows that equal growth of wages in regiohand B increases the commuter stream between
A andB although the ratio of median wages may not necessarily &ang

Now suppose that workers differ in the value they attachisule (see also Albrecht and Axell
(1984), Moller and Aldashev (2006b)). As in Section 4.1.8llow for three states: employ-
ment, unemployment, and nonparticipation. Individualsxdoparticipate in the labor market
if their returns to search are less than the value of notqpaiing in the labor market. Sup-
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pose that individuals can stay inactive thereby earning feisure which is worthb. If they
participate, their reservation wage as previously defised i

8
8

wh =0 —cs(04) — cu(0p) +Aa(04) / w—wh)dFs(w) + \p(0p) (w — wh)dFg(w).
(5.12)

QJ’:U

The participation condition is thusw’ > b. Ruling out corner solutions, there exists a
"marginal individual” for whomw® = b. Suppose the values of leisure are distributed across
individuals with the distribution functiog(b). The participation rate is thefi(b), whereb is
defined a® = w#(b). It can be shown that the participation rate increases wighniedian
wage (both in origin and destination), median-preservprgad in the right tail (both in origin
and destination), but decreases with the median-preggsypiread in the left tail (both in origin
and destination).

Suppose that the worker with the lowest value of leisurethas0. ** The number of com-
muters from regiom to B can be given as:

/ b A5 (05) (1 - FB(wB)>dG(b)POPA, (5.13)

where PO P, stands for the population size of regighn Increase in the median wage in the
destination would increade Moreover, increase in the median in regiBrwould make agents
reallocate their intensity to regioB (see Section 5.2) and therefokg(fz) also increases.
The reservation wage iB increases with the median wage khbut the elasticity is less than
unity, hence <1 — FB(wB)> also increases with the median wageginAs a consequence, the
commuter flow fromA to B unambigously increases with the median wage in the degtimat
If the median wage in the origin increases, the participatite also goes up (ncreases).
However, agents would reallocate their search intensitgdmn A and hence) g (6) declines.
This implies that when wages increase in the origin, lessngotimg is possible because agents
start searching harder in the origin and less harder in th@t@ion, but on the other hand, more
commuting is possible because overall number of searchéhgiorigin increases. Hence, the
overall effect is ambiguous.

The effect of spreads cannot be analytically determined.ekample, increase in the spread
in the right tail of the distribution in the destination wdtihcrease participatiorb (s higher)
and search intensity\ (63) would increase). However, the term- Fz(wZ) might decrease
with the spread in the right tail (see proof in Mortensen @9&n the ambiguity of the effect
of dispersion). The effect of the increase in the spreadarritiht tail of the distribution in the
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origin is even less clear @sand Az (05) will move in the opposite directions with the changes
of the spread in the origin.
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Chapter 6

Empirical Estimation of a
Commuting Model

6.1 Introduction

Consider residents of regiaa looking for a job and firms located i® with vacancies. If
these workers fromd are matched with vacancies i (given that residents ofl search in

B with positive search intensity) they commute. Hence, wddtneat the commuter stream
from A to B as successful matches of searchers from regianth vacancies in regio®. The
expected number of commuters frofrio B, as already discussed in Chapter 5 can be obtained
asSa - Az(05)(1 — F(wk)). Search intensity and reservation wage of a resident obmegi
A searching in regio3 depend on characteristics of both origin and destinatigions: the
arrival rate, search cost, median wage, median-presespraad in the left and right tail, value

of leisure (and if we extend it to a multi-region model thesoabn characteristics of all other
regions).

For empirical convenience the matching function can bertaseCobb-Douglas which in prin-
ciple can be estimated by OLS after taking logs. This apgraatollowed by Gorter and van
Ours (1994) and Burda and Profit (1996) who analyze matchingnemployed workers with
open vacancies. However, in case of commuting, ... the@rmadance of zeros and the small
values and clearly discrete nature of the dependent varsalglgest that we can improve on least
squares and the linear model with a specification that adsdanthese characteristics” (Green
(2003, p. 740)). Many works revert to discrete probabilitggess when analyzing commuting
streams (see among others Raphael (1998), Flowerdew akith £11982), Guy (1987), Yun
and Sen (1994)). Although it has to be noted that classiealityrmodels are still to be found
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in some works (e.g. Foot and Milne (1984), Hatton and Willkam (2002), Mitchell and Pain
(2003)).

6.2 Data and Descriptive Evidence

The commuter stream data used in this paper are producec bydtitute for Labor Research
(IAB) from the employment register of the Federal Labor Gffiath regional information. The
data contain the flows of commuters in 1997 between 440 NUT&j®ns, which makes 193
160 observations. Unfortunately, the data do not diffesé@commuters with respect to gender.
The dependent variable is then the commuter flow from regitmnj. Wage quantiles of the
wage distribution were calculated using the IABS-REG ndettaset for 1997 (see description
of the data in Appendix A.12 and Bender, Haas, and Klose (§00Data on population of
NUTS-3 regions were taken from the INKAR database of the fedeaffice for Building and
Regional Planning. The information on travel time was takkem the data of the Institute for
Regional Planning of the University of Dortmund (see dgdin of the data in Appendix A.12
and Spiekermann, Lemke, and Schirmann (2000)).

The exogenous parameters used for estimatiofPare:

e w, - the median log wage in region

e w; - the median log wage in regioi

e POP, -log population of region (as an indicator of the size of the labor market)in
e POP; - log population of regiory,

e D8/D5, - the log difference of 8th to 5th decile of the wage distribatin regioni (as
an indicator of the median-preserving spread in the right ta

e D8/D5; - the log difference of 8th to 5th decile of the wage distribain regiony,

e D5/D2; - the log difference of 5th to 2nd decile of the wage distiidntn region: (as
an indicator of the median-preserving spread in the I€i, tai

e D5/D2; - the log difference of 5th to 2nd decile of the wage distiidiin regionj,

e ¢;; - log travel time between regionsand.

Since in a multi-region model commuting streams depend oge&xous parameters of all other
regions, | also include average wage in other regions (excapd 7) with inverse travel time
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as weights and average population in other regions (excapd 7) with inverse travel time as
weights. These spatially weighted variables are calcdlase

- W, ~ POP,
W, = Z - and P, = Z - (6.1)
SH#1,SF] SF1,8F]
Table A.2 presents the descriptive statistics of the datd.u¥he average travel time between
pairs of regions is about 4.5 hours. However, the distrdvutif travel times is rather dispersed.
The same can be said about the distribution of population.

Table A.3 presents the descriptive statistics separatelyefyions of West Germany and East
Germany. One could see that average daily earnings areasiildlyy higher in the West, but
on the other hand, more dispersed. Western regions are alagevage larger in population
size, however, with very high variation of population siZ&astern regions experience higher
unemployment rates. Moreover, Eastern regions are ongeéiether from each other in terms
of travel time than the Western regions. However, the dsparof travel times in the East is
also larger.

This stresses importance of controlling for differencesaarch behavior in East Germany and
West Germany. Figure 6.1 shows the distributions of commgutiows from West Germany
(left panel) and East Germany (right panel). The figure shinasin West Germany the share
of stayers is larger than in the East which is reflected bygelgorobability of zero commuting.
The differences with respect to destination are also ingmbrt As shown in Figure 6.2, the
share of zeros for destination East Germany is larger thatnéWest, which tells us that job
searchers are more likely not to commute to East Germanwuré&ig.3 shows that movements
from the East to the West are more likely than commuter mowsfeom West to the East.

To account for these differences, | introduced two dummyades indicating whether the
region of origin is East or West Germany and whether the olasstin is East or West Germany.
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Figure 6.1: Distribution of commuting flows. Origin West Germany (ledind origin East Germany
(right).
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Figure 6.2: Distribution of commuting flows. Destination West Germaleft] and destination East
Germany (right).
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Figure 6.3: Distribution of commuting flows. Origin and destination We&ermany (upper left panel),
origin West, destination East Germany (upper right paeeiyin East, destination West
(lower left panel), origin and destination East (lower tighnel).

6.3 Clustering and Robust Variance Estimation

The vector of commuter flows has the following form:

B
c
D

S N

(6.2)

B
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The first column represents an indicator for the region dfiorithe second column is an indi-
cator for the destination. After some permutations 6.2 @Gawitten as:

B A
C A
D A
A
PR (6.3)
C B
D B
B

The above shown representation illustrates that the datelastered with respect to the origin
and the destination, which due to omitted region-specifeces results in correlation of errors
within clusters and, hence, biased standard errors. Thalesd Moulton’s bias due to Moulton
(1990). This can be easily demonstrated on the followingmta. Denotey;, as the dependent
variable;i is an index for an observation amds an index for a region. Let the equation of
interest be of the form:

Yir = Tip3 + Uy + €. (6.4)

If for a regionr we have several observations and the teyns unobserved, then Equation 6.4
can be written as:

Yir = xirﬁ + Uy, (65)

with a compound error term;, = v, + ¢;,.. Error terms within each region would be correlated
because they would include the same termTherefore, in all further estimations | control for

error correlation within clusters and report correctedhdéad errors (more on clustering and
error correlation see in Moulton (1990), Dickens (1990gmIhflower and Oswald (1995)).

Estimation of the correct variance in the presence of dliggas as follows. Define the score
. OL . L . . : :
function as:S = ——, whereL is the log-likelihood functionx is the matrix of independent

d(xf)

variables, and’ is the coefficient vector. The Hessian is defined As=

2

0(xp3)%
we haveR regions within which observations are clustered. The rosiasmdard errors can be

calculated as:

Suppose

var(3) = D! (ZR: U;UT>D‘1, (6.6)
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whereD = 1 S (H,2)x,) andU, = 3
cluster to the score.

.er TirSir, Which is a contribution of each

Consider a simple case with two clustetsand B with two observations per cluster. Let the
vector of explanatory variable be of the form; 4, x24, 35, x45. If we ignore clustering and
consider each observation as independent, the Y&ffn U’U, would simplify to 3" (;5;)* =
(214514)% + (224524)* + (23853p)* + (24S45)*. If we take into account clustering then
SSE UU, = (214514 + 724524)? + (235S3p + x45S45)%, Which is larger. This simple
illustration shows that ignoring correlation of errors hit clusters causes a downward bias in
the variance of the estimated coefficients and in many caseffiaents of variables appear to
be significant when in reality they are not.

6.4 Estimating the Poisson Model

In its simplest form, the discrete probability process ofgable can be modeled by the Poisson
model:

—Nii \Yij
eI

(6.7)
Most commonly)\;; is parametrically specified as;; = e’ with x as a matrix of exogenous
variables. The problem of the Poisson model is that in thedemi distribution the mean equals
the variance, which in case of overdispersion, i.e. if theavece is in reality greater than the
mean, causes a downward bias in the standard errors. Moegag@regative binomial model
is used instead of Poisson regression by many authors (teive binomial specification is
discussed in Section 6.5).
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Table 6.1: Estimation results of the Poisson model (Model 1 includesdigpersion parameters as
regressors, Model 2 only one). Dependent variable - conmgitbws.

Model 1 Model 2

variable coef. robust coef, robust
st. er. st. er.

East origin —0.12 0.15 0.01 0.16
East destination 0.43 0.17 0.36 0.17
log travel time —2.50 0.03 —2.49 0.03
log median wage (origin) —3.00 0.61 —3.09 0.71
log D5/D2 (origin) 5.74 0.91 - -
log D8/D5 (origin) —6.93 1.48 - -
log D8/D2 (origin) - - 8.63 2.52
log median wage (destination) 4.09 0.54 3.91 0.60
log D5/D2 (destination) —2.42 1.03 - -
log D8/D5 (destination) 2.27 1.72 - -
log D8/D2 (destination) - - —4.32 3.26
log POP (origin) 0.80 0.08 0.79 0.09
log POP (destination) 0.89 0.06 0.89 0.07
spatially weighted POPX100) —0.40 0.08 —0.37 0.09
spatially weighted median wage —0.04 0.03 —0.05 0.04
const 3.85 3.39 —0.02 6.42
R? 0.82 0.83
N 190 532

Coefficients significant at least at 5% level are in bold.

Using the results obtained in Section 5.4 we could make icepiedictions about the sign
of the effects of different variables. For example, the cfief the median wage of the wage
distribution in the destination should have positive dffes commuting, whereas the effect
of the median wage in the origin is ambiguous. The travel tisnexpected to have negative
influence on commuting. The surrounding regions might atsact searchers to them thereby
distracting commuting from destination region. This isalucalled intervening opportunities
(see the classical work of Stouffer (1940)). Considerirag tkegions with higher wages attract
more,VT/Z-j, ceteris paribus, should have a negative effect on comuuiine effect of dispersion
parameters is ambiguous.

Table 6.1 present the results of the Poisson model. The niitglie data well which is shown
by a high?? value. East dummy is significant and positive. This tellshat tontrolled for
other factors commuter streams to East German regions ad@%ylarger than to the West.
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This might be partly explained by higher job availabilitytire West, so for the Western workers
it is easier to find a job in the region of residence (althougé mot possible to either prove or
disprove that within this model). Travel time as expectedagative and highly significant.
One percentage increase in the travel time reduces the ctanstteam by 2.5 percent. The
moments of the wage distribution in the origin are highlyngigant and have the expected sign.
Increase in the median wage in the origin by one percent estil® number of commuters by
three percent. In the light of the theoretical model thislisgpthat the negative effect of the
reallocation of the search intensity from the destinatmthe origin (the agents reallocate their
search intensity and search harder in the region of originess intensively in the destination)
dominates over the positive effect of the wage increase dicjpation. Increase in the spread
in the right tail of the distribution (proxied in the model iye log ratio of the eighth to the
second decile) also reduces search in the destination aroe heads to fewer commuters. The
spread in the left tail of the wage distribution in the ori¢pamoxied in the model by the log ratio
of the eighth to the second decile) increases the outflow wincoters. Increasing the median
wage in the destination by one percent would result in foucgr@age increase of the commuter
flow. It is plausible that the coefficient for the effect of threedian wage in the destination is
greater in magnitude than the coefficient for the origin asigpation and search intensity in
the destination move in the same direction with the changleeomedian in the destination, and
participation and search intensity in the origin move indpgosite directions with the change
of the wages in the origin.

The effects of wages in the origin and destination on commgugnable us to calculate the net
commuting effect. If we have two regiond, and B and median wages are only explanatory
variables, we could write:

Yap = WaP + WpHs 6.8)

Ypa = WRH + Wals.

Equation 6.8 shows that if, for example, the median wagegioreA increases, the commuter
flow from A to B is reduced by3; and on the other hand, the commuter flow frémo A
increases by,. So the effect of an increase in the median wagd ion the commuter saldo
betweenA and B (yap — yga) according to the results of the Poisson modelOi®7y 5 —
1.04yp 4. If the original commuter saldo is zerg{z — yz4 = 0), then increase of the median
wage in regiom by one percent would reduce the commuter saldo of the re@jion7 percent.

The effects of the population size in the origin and desitima&re positive and significant (al-
though elasticity is less than unity) which implies thagkr regions interact more with each
other. The effect of population size on the commuter saldeegigible (if the original com-
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muter saldo is zero). The effect of the population size inghounding regions other than
destination reduces the commuter flow. This implies thabregthat are closer and larger are
more likely to be intervening opportunities for potentiahemuters. The effect of an average
wage at locations other than the region of destination tsssitzlly insignificant.

For comparison in Table 6.1 estimates of the Poisson ragrease presented where instead of
two separate parameters for spreads in the tails, only aeadparameter (the ratio 8 to
2nd decile) is used.

6.5 Estimating the Negative Binomial Model

Negative binomial can be obtained from the Poisson modeitogducing a random component
into \. To be more precise let; = u;;v;;. If we specifyp,; = ¢*? andy;; follow a Gamma
distribution with £(r;;) = 1 and vafy;;) = «, then the distribution of;; can be written as:

L(a™! +y3) N I
" N ij L . 6.9
e 133) = TP i) \ o™t + ot g oY

The first two moments of the negative binomial distributioe: & (y;;) = p;; and vaty;;) =
wi;(1+ a - ;). If ais zero thenE(y;;) = var(y;;) and negative binomial is identical to the
Poisson. Hence, testing = 0 after estimating the negative binomial is identical toitegsthe
negative binomial specification vs. the Poisson.
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Table 6.2: Estimation results of the negative binomial model (Modatdludes two dispersion
parameters as regressors, Model 2 only one). Dependeablaricommuting flows.

Model 1 Model 2
variable coef. robust coef. robust
st. er. st. er.

East origin 0.62 0.07 0.59 0.07
East destination 0.75 0.14 0.62 0.14
log travel time —2.67 0.02 —2.66 0.02
log median wage (origin) —0.07 0.21 —0.01 0.23
log D5/D2 (origin) 0.82 0.39 - -
log D8/D5 (origin) 0.44 0.60 - -
log D8/D2 (origin) - - 2.54 1.13
log median wage (destination) 3.99 0.45 4.35 0.51
log D5/D2 (destination) —0.90 0.83 - -
log D8/D5 (destination) 7.41 1.39 - -
log D8/D2 (destination) - - 5.71 2.31
log POP (origin) 1.01 0.03 1.01 0.03
log POP (destination) 0.98 0.05 0.99 0.06
spatially weighted POPx(100) —0.14 0.03 —0.14 0.03
spatially weighted median wage —0.13 0.01 —0.13 0.01
const —13.35 1.19 —22.55 2.28
« 1.24 0.02 1.26 0.02
N 190532

Coefficients significant at least at 5% level are in bold.

Table 6.2 present the results of the negative binomial modet terma is significant, which
implies that the negative binomial specification performpesior to the Poisson. The East
dummies for both origin and destination are significant aositive, which means that com-
muting is more intensive between East German regions. Tlikgamevage in the origin, the
spread in the right tail of the wage distribution in the anighd the spread in the left tail in the
destination appear to be insignificant in this specificatidhe effect of the spread in the left
tail in the origin is significant, however, the magnitudeusstantially reduced. The magnitude
of the coefficient for the spread in the right tail in the desation on the other hand more than
tripled. The effect of the median wage in the destinationaiesrobust. Increasing the median
wage in the destination by one percent would result in about percentage increase of the
commuter flow, which is not different from the results of th@$3on model.

One percentage increase in the travel time would reducedhmsmuter flow by 2.7 percent,
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which is not much different from the Poisson model estimat® percent). The effects of
the population size in the origin and destination are pegstéind significant with unit elasticity
which implies that larger regions interact more with eadmeat The effect of population size
on the commuter saldo is negligible (if the original commgaldo is zero). Larger popula-
tion in the surrounding regions other than destination cediuhe commuter flow (although the
magnitude is smaller than in the Poisson model). This irsghat regions that are closer and
larger are more likely to be intervening opportunities fotgmtial commuters. The effect of an
average wage at locations other than the region of desiméadistatistically significant unlike
in the Poisson model. This implies that regions with highages are more likely to attract
potential commuters thereby reducing the commuter flowherodestinations.

For comparison in Table 6.2 estimates of the negative biabmgression where instead of two
separate parameters for spreads in the tails, only onedspezameter (the ratio of" to 2"
decile) is used are also presented.

6.6 Zero Inflated Models

If we look at the distribution of commuter flows we see thatwbone third are zeros (see
for example Figures 6.1 - 6.3). This should not be surprisifigthe theoretical model the
zero search intensity condition implies that if a regiors Ieyond the circle of acceptable
commuting destinations, agents do not search there. Thiausible as the travel time between
some regions is about 8-10 hours, making commuting vigualpossible. We could split the
decision making process of a resident4finto two stages. At stage one, he solves for the
maximal acceptable travel cost (given exogenous variaifled regions) and if a region lies
within the acceptable travel cost he allocates his efféa s®arch in this region, i.e. enters stage
two. At stage two, he searches for jobs at this location dmticdcessful, becomes consequently
employed. This implies zero and nonzero commuting streamgenerated by two different
processes. Zeros could mean that agents do not search exrfggens - decision taken by
workers only, achoiceoutcome. Positive outcomes are generated through a diffprecess

- matching, aandomoutcome. To handle models like this a class of hurdle modsdhan
developed, for example the zero-inflated negative binooriaero-inflated Poisson approach.
In these models zeros and positive outcomes are generatdiffdrgnt processes. Zeros have
the densityh, (-), soPr(y;; = 0) = hy(0). Positive outcomes come from the truncated density

ha(yislyi; > 0) = % The probability thaty;; is drawn from this truncated density is

1 — hy(0). Hence:
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h1(0) if yi; =0

a(Wis) = halyy) _ (6.10)
T h (00 hQ(O)(l — h1(0)) if y;; >0

The likelihood function follows immediately from Equati@nl0.

Testing the zero-inflated Poisson vs. Poisson and zerdedfleegative binomial vs. negative
binomial model is not trivial as the models are non-nestédThe Vuong test for non-nested
hypotheses can be applied in this setting. Let the predpteloiability that the random variable
Y equalsy; in the standard negative binomial (or in the Poisson) modghby;|z;) and in the
zero-inflated negative binomial (or in the zero-inflatedsBon) —f; (y;|x;). We could estimate

f1(yilzi)
f2(3/z‘|~’17i)>'

both models and obtain the log-likelihood functios,and ;. Denotem,; = 1n<

The null hypothesis of the Vuong test is:

which implies that the two specifications are equally clastné true model. Vuong shows that
under general conditions:

1 s
LR % E(my), (6.12)
n

whereLR = L, — L, is the likelihood ratio test. Vuong demonstrates that:

n

wherew = %zilmf - <% Zmi>2'

=1

The result implies that has a limiting standard normal distribution. Hencey it~ 1.96, the
test favors model 1, i.e. zero inflated model.vlf< —1.96 , the test favors the non-inflated
model at 5% significance level. K1.96 < v < 1.96, the test favors neither model. The
Vuong test is intuitively appealing. If the null hypothesigrue, the log-likelihood ratio should
be on average zero. If; is the correct specification then on average the log-likelchratio
should be significantly greater than zero. fifis the correct model, the log-likelihood ratio
should be significantly less than zero. Hence, in princighle Vuong test is simply thaverage
log-likelihood ratio suitably normalized (see also Clarid&ignorino (2003)).
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Table 6.3: Estimation results of the zero-inflated Poisson model (Madecludes two dispersion
parameters as regressors, Model 2 only one). Dependeabl&aricommuting flows.

Model 1 Model 2

variable coef. robust coef. robust

st. er. st. er.
East origin —0.15 0.15 —0.02 0.16
East destination 0.44 0.17 0.36 0.17
log travel time —2.46 0.03 —2.45 0.03
log median wage (origin) —2.89 0.59 —2.97 0.68
log D5/D2 (origin) 5.65 0.89 - -
log D8/D5 (origin) —6.69 1.46 - -
log D8/D2 (origin) - - 8.60 2.47
log median wage (destination) 4.01 0.54 3.82 0.59
log D5/D2 (destination) —2.58 1.03 - -
log D8/D5 (destination) 2.19 1.71 - -
log D8/D2 (destination) - - —4.81 3.24
log POP (origin) 0.79 0.08 0.77 0.08
log POP (destination) 0.87 0.06 0.87 0.06
spatially weighted POPX100) —0.41 0.08 —0.38 0.09
spatially weighted median wage  —0.03 0.03 —0.05 0.04
const 3.84 3.31 0.49 6.30
inflate
East origin —1.08 0.12 —0.98 0.12
East destination —0.74 0.20 —0.57 0.19
log travel time 1.69 0.06 1.71 0.06
log median wage (origin) —1.66 0.51 —1.88 0.54
log D5/D2 (origin) 0.90 0.68 - -
log D8/D5 (origin) —5.62 1.19 - -

continued. . .
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Table 6.3: Estimation results of the zero-inflated Poisson model (Madecludes two dispersion
parameters as regressors, Model 2 only one). Dependeabl&aricommuting flows.

Model 1 Model 2

variable coef. robust coef. robust

st. er. st. er.
log D8/D2 (origin) - - —3.16* 1.82
log median wage (destination) —3.40 0.68 —3.80 0.29
log D5/D2 (destination) —1.61 1.22 - -
log D8/D5 (destination) —9.62 1.89 - -
log D8/D2 (destination) - - —14.48 0.72
log POP (origin) —1.13 0.06 —1.14 3.44
log POP (destination) —1.17 0.07 —1.18 0.07
spatially weighted POPX100) —0.30 0.10 —0.27 0.10
spatially weighted median wage 0.15 0.03 0.14 0.04
const 29.49 2.40 47.72 4.19
Vuong test 7.57 7.46

Coefficients significant at least at 5% level are in bold.
* Coefficients significant at 10% level.

The results of the zero-inflated Poisson model are presémfBable 6.3. The Vuong test tells
that the zero-inflated Poisson model is clearly preferreer the Poisson model. The table
presenting the estimates of the zero-inflated models doofsiwo parts. First part presents the
main equation, i.e. the effects of exogenous variables @sitte of the commuter stream, given
that commuting is nonnegative (nonzero search intensitgition, see Section 5.3). The part of
the table with the heading "inflate” presents the estimatdiseoinflation or selection equation.
The inflation equation estimates the probability that thiecome of the dependent variable is
zero. This is a discrete choice equation of zero vs. nonzetrcome, which is estimated by
logit method and provides the estimates fig(0) in Equation 6.10. The coefficients for East
dummy for origin and destination are highly significant amgjative, which supports the raw
density estimates in Figures 6.1 and 6.2 reporting lowebglndities of zero commuting for
East German regions. The effect of travel time is highly sigant and positive which implies
that it is more likely that no commuting takes place betweenendistant regions. The estimate
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for the median wage in the destination is highly significartt have the expected sign, meaning
that it is less likely to observe zero commuting to regionthwiigher wages. The estimates
for the median wage in the origin and the spread in the rightrtahe origin are significant
but negative. The results imply that higher wages in theimnigduce the probability of zero
commuting. However, it does not necessarily mean that pesmgl more likely to leave regions
with high wages. It is more likely that the negative sign isvein by the effect of wages in the
origin on participation. When wages in the origin increasere individuals participate in the
labor market. This results in more commuting (because meople are active), however, this
should also imply that the number of stayers increases.ethdée results obtained by Moller
and Aldashev (2006b) show that participation rates inereath wages.

Remarkably the results of the main equation in the zerotadi&®oisson model are not much
different in magnitude from the estimates of the Poissoneho&or comparison the results
of the zero-inflated Poisson model where instead of two s¢ép@arameters for spreads in the
tails, only one spread parameter (the ratig'éfto 2"¢ decile) are shown. The spread parameter
for the region of origin is highly significant and positivehi§ implies that more people leave
the region when dispersion increases. The spread parafoetee destination is statistically
insignificant.

Table 6.4: Estimation results of the zero-inflated negative binomiatlei (Model 1 includes two
dispersion parameters as regressors, Model 2 only onegridept variable - commuting

flows.
Model 1 Model 2

variable coef. robust coef. robust

st. er. st. er.
East origin 0.54 0.07 0.51 0.07
East destination 0.83 0.14 0.70 0.14
log travel time —2.65 0.02 —2.65 0.02
log median wage (origin) —0.09 0.21 —0.08 0.23
log D5/D2 (origin) 0.68% 0.39 - -
log D8/D5 (origin) 0.25 0.61 - -
log D8/D2 (origin) - - 1.94 1.15
log median wage (destination)  3.95 0.45 4.37 0.52
log D5/D2 (destination) —1.04 0.83 - -

continued. . .
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Table 6.4: Estimation results of the zero-inflated negative binomiatlei (Model 1 includes two
dispersion parameters as regressors, Model 2 only onekgridept variable - commuting

flows.
Model 1 Model 2

variable coef. robust coef. robust

st. er. st. er.
log D8/D5 (destination) 7.86 1.39 - -
log D8/D2 (destination) - - 5.81 2.33
log POP (origin) 0.99 0.03 1.00 0.03
log POP (destination) 0.97 0.05 0.98 0.06
spatially weighted POP100) —0.17 0.03 —0.16 0.03
spatially weighted median wage—0.12 0.01 —0.12 0.01
const —12.98 1.21 —21.72 2.36
inflate
East origin —20.89 0.65 —21.57 0.56
East destination 21.63 0.85 19.51 0.81
log travel time 0.78 0.18 1.01 0.25
log median wage (origin) 0.11 3.43 —4.00 3.88
log D5/D2 (origin) —-3.07 3.70 - -
log D8/D5 (origin) —15.96 5.71 - -
log D8/D2 (origin) - - —31.48 8.63
log median wage (destination)  0.75 3.05 —0.53 2.15
log D5/D2 (destination) —7.22 5.76 - -
log D8/D5 (destination) 18.38 8.20 - -
log D8/D2 (destination) - - 5.92 13.66
log POP (origin) —1.11 0.11 —1.17 0.12
log POP (destination) —1.74 0.29 —1.70 0.27
spatially weighted POP100) —2.76 0.45 —2.62 0.46

continued. . .
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Table 6.4: Estimation results of the zero-inflated negative binomiatlei (Model 1 includes two
dispersion parameters as regressors, Model 2 only onekgridept variable - commuting

flows.
Model 1 Model 2

variable coef. robust coef. robust

st. er. st. er.
spatially weighted median wage 0.90 0.16 0.86 0.17
const —12.94 15.91 38.99 25.67
«Q 1.22 0.02 1.24 0.02
Vuong test 13.74 12.06

Coefficients significant at least at 5% level are in bold.
* Coefficients significant at least at 10% level.

The results of the zero-inflated negative binomial modepaesented in Table 6.4. The Vuong
test tells that the zero-inflated negative binomial modealleéarly preferred over the negative
binomial model. Moreover, the significancecoimplies that the zero-inflated negative binomial
model is preferred over the zero-inflated Poisson.

Unlike in the zero-inflated Poisson model, the coefficientHast dummy for the destination is
positive in the inflation equation, which implies that, attfeéngs being equal, workers are more
likely not to commute to eastern regions. On the other haeddefficient for East dummy for
origin is positive. This would mean that workers in the Eastrore likely to commute, and
given the previous statemertgteris paribusthey are more likely to go to western regions.
The effect of travel time is highly significant and positiveieh implies that it is more likely
that no commuting takes place between more distant regidhs. same result was obtained
in the zero-inflated Poisson model. However, the magnitadgmost halved (Model 1). The
results of the main equation in the zero-inflated negatimetnial model are not much different
in magnitude from the estimates of the negative binomialehddemarkably, the effect of the
travel time, median wage in the destination and populatioa is both origin and destination
are highly significant in all models (Poisson, negative mrad, zero-inflated Poisson, zero-
inflated negative binomial). Moreover, the effect of the ladvage in the destination is almost
identical in all variants in magnitude: a one percentageei&®e in wages in the destination
increases the commuter flow by 4 percent.

Finally, | allow for possible interactions between East doynand median wage and spread
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parameters. The results of the zero-inflated negative bhadenodel with interaction expansion
are provided in Table 6.5.

Table 6.5: Estimation results of the zero-inflated negative binomiatlei (East dummy (origin and
destination) is interacted with parameters of the wageiligion). Dependent variable -
commuting flows.

variable coef. robust
st. er.
East origin 5.09 2.16
East destination -3.30 4.05
log travel time —2.66 0.02
log median wage (origin) —0.05 0.25
log D5/D2 (origin) 0.72% 0.44
log D8/D5 (origin) 1.56 0.70
log median wage (destination) 3.00 0.51
log D5/D2 (destination) —2.61 0.96
log D8/D5 (destination) 12.68 1.63
log POP (origin) 0.99 0.02
log POP (destination) 1.00 0.05
spatially weighted POPX100) —0.17 0.03
spatially weighted median wage —0.12 0.01
const —10.21 1.45
inflate
East origin —10.39 35.80
East destination 101.05 76.20
log travel time 0.95 0.25
log median wage (origin) —1.08 5.16
log D5/D2 (origin) —4.37 4.78
log D8/D5 (origin) —13.78* 7.42
continued. . .
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Table 6.5: Estimation results of the zero-inflated negative binomiabtlei (East dummy (origin and
destination) is interacted with parameters of the wageiligton). Dependent variable -
commuting flows.

variable coef. robust
st. er.
log median wage (destination) 24.05 15.09
log D5/D2 (destination) —240.64 113.38
log D8/D5 (destination) 185.36 121.93
log POP (origin) —1.16 0.12
log POP (destination) —1.68 0.27
spatially weighted POPX100) —2.80 0.56
spatially weighted median wage 0.91 0.20
const —82.53 104.95
« 1.21 0.02
Vuong test 12.43
N 190 532

Coefficients significant at 5% level are in bold.
* Coefficients significant at 10% level.
Full table with all interactions is given in the Appendix.

The coefficient for the East dummy in the origin becomes teesi greater in magnitude. The
coefficient for the East dummy in the destination is insigaifit unlike in the models without
interaction expansion. This implies that workers are mi@edy to commute out of East German
regions. The effect of travel time remains unchanged. Theeszan be said about population
sizes of the origin and destination. The coefficient for thedran wage in the destination
is reduced in magnitude. Because median wage was alsodtgdravith East dummy, the
estimates show that increase in the median wage in the WestaBeregion by one percent
would result in increase in commuting to this region by 3 patcincrease in the East German
region would result in about 4.5 percentage increase in asi@nflow. Unlike the results of the
zero-inflated negative binomial model without interactexpansion, the estimates in TableA.1
show that increase in the spread below the median in thend#éisin would result in a reduction
of the commuter flow, which could be explained by the decr@aparticipation. The increase
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in the spread in the right tail of the distribution in a Westr@an region would attract more
commuters. However, the increase in the spread in the agitan East German region seems
to have no significant effect.

6.7 Conclusion

In this chapter | presented a bilocational search model evimelividuals have an option to com-
mute if offered a job in a region other than their place ofdesce. It is shown that the minimal
wage the worker is willing to accept in a "distant” region xaetly the "local” reservation wage

plus the travel cost. Reservation wages depend on travelbebdween the regions, namely,
reservation wage in the origin decreases with the travelwbereas it increases with the travel
cost in the destination. The amount of intensity agents altengvto invest in searching also

depends on the commuting cost. It is shown that when trastsacse, individuals reallocate

part of their search intensity from a "distant” region to acal” region. This implies that the

farther the region lies, the fewer workers are expected tongote.

The empirical results show that an increase in travel timeedestination region by 1% reduces
the number of commuters by about 2.7% on average. Furtherrtitos paper justifies the use
of two dispersion parameters as regressors in modeling ecadimgy) which has not yet been
done in the literature. The empirical results claim thate@ase in the spread in the left tail in
the destination lowers the commuter stream, but increaggeiapread in the right tail for West
German regions pushes it up (for East German regions ndiseymi effect of the spread above
the median is observed). Increasing the median wage in 8tmedaon by 1% raises the number
of commuters by 3% if the destination is in West Germany andldmut 4.5% if the destination
is in the East. If median wages both in origin and destinatisa by the same amount, the
expected number of commuters still goes up, which is supdday numerical simulations. The
results also support the role of "intervening opportusitieThe estimates show that regions
with higher wages and population are more likely to be irgamg opportunities. Another
important issue which is addressed in this paper is the Ipigsthat unemployed workers do
not search in destination if the region lies far enough. Temtetical model then treats the
positive number of commuters as conditional on searchinigardestination. This is consistent
with the observed data as about one third of pairs of regiams hero commuter flows. Methods
used in the literature to handle these kinds of problemsallecc’hurdle” models. However, to
the best of my knowledge there were no theoretical modelstanbating the use of "hurdle”
models on the base of search theory. The search model pedserthis paper gives theoretical
justification to the use of "zero-inflated” or "hurdle” moddbr analyzing commuter flows.
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Chapter 7

Summary, Potential Drawbacks
and Open Questions

Despite being a young actor on the stage of economic anallgsisheory of search has proven
to be very useful in bringing more insight into the problenmuokEmployment, labor force par-
ticipation, wage inequality, mobility, and many other are&labor market analysis. Job search
theory has also found diverse empirical applications. Karmgle, models of unemployment
duration are naturally derived from the theory of job sedfciihe theory of job search is able to
give alternative explanations to long-standing problefreconomic theory like unemployment
persistence and wage inequality across observationadhtichl workers (major contributions
were made by Mortensen and Pissarides (1994), Burdett anigivsen (1998)). Job search the-
ory has also been successfully applied to the analysis adnmabparticipation rates in Moller
and Aldashev (2006a).

Some empirical phenomena, like declining reservation wageuld not have been answered
within a basic search model framework. Therefore variousresions to the basic model al-
lowing for nonstationarity of search were developed. asiauthors contributed to elucidation
of this phenomenon, among others Gronau (1971), Morteri€86{, Burdett and Wishwanath
(1984), van den Berg (1990). Chapter 4.1.3 of this dissertas devoted to dynamic aspects
of search; and as | was able to show, withdrawals from labmefare the logical outcome of
the nonstationary job search. In the model, reservatiorewagcline due to nonstationarity of
the arrival rate. An important aspect of the model is thatlthemaximizing agents solve not
only for optimal reservation wage but also for optimal witiadal time, called potential search
time in this work, which is the maximum amount of time the upéoged workers are willing
to allocate to search. If an agent is unsuccessful duringdtential search time he withdraws
from the labor market (he could also be considered as a "disged worker”). Moreover, the
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model establishes a tradeoff between the probability ofrimpd job and the length of potential
search; hence, a change in a variable which results in neduct the reservation wage would
on the one hand increase the worker's employment chancesdwen period of time, but on
the other hand it results in decrease in potential seara. tifhis could result in a decline of
the overall (during the whole search span) job finding prdiab This tradeoff between the
probability of finding a job and the length of potential séaposes certain problems when one
tries to compare performances of different labor markegstiSn 4.2 suggests the methods for
correcting the estimated job finding rate for the withdraprabability.

The simulation results presented in Section 3.3 show tlolatciag the level of unemployment
insurance benefits may even worsen the employment situdtierto a higher transition rate
into nonpatrticipation. The measures aimed at increasiagthval rate directly or indirectly
seemed to be more effective. This is especially the case iitlemployment insurance benefits
are generous compared to the utility of nonparticipatiorrioourage the unemployed to stay
active in the labor market and participate in the active tabarket programs if required.

The theory of job search has also been successfully apmidtetanalysis of labor mobility.
The model of locational search is presented in Chapter 5midael shows that the reservation
wage is not unique to an individual, i.e. agents set differegervation wages for the "local”
and "distant” region. Moreover, | allow for arrival rate te Ibhe function of search intensity
and therefore unemployed workers receive job offers onlyhase regions where their search
intensity is nonzero. In this setting the maximal accegdldvel distance is determined by
the condition of nonzero search intensity. It is shown thxaigenous factors in "local” region
affect the reservation wage and search intensity in "distagion and vice versa. The model
shows that the circle of possible commuting destinatiob®isaded and the maximum distance
a worker is willing to commute is determined by exogenousoiacin the model. The hurdle or
zero-inflated models which are often applied to count datdiatning many zeros are a natural
choice advised by the theoretical model.

It is common in the search literature to use the mean and tlam+peeserving spread to char-
acterize the wage distribution. However, | claim that theampreserving spread is not an
appropriate measure of dispersion in case of an asymmedge wffer distribution. In order to

control for asymmetric changes in the wage dispersion osg¢dabandon the concept of the
mean-preserving spread as one cannot change the spreadtailshof the distribution sepa-

rately without affecting the mean. A good solution to thisldem could be using the median
as a location parameter of the distribution and the medrasgoving spread in the left tail as
a scale parameter of the left tail and the median-preseisfpingad in the right tail as a scale
parameter of the right tail of the wage distribution. Thigegach was pioneered by Moller
and Aldashev (2006b). The model predicts increase in trervaBon wages in response to a
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higher median-preserving spread in the right tail and dgessrén response to a higher median-
preserving spread in the left tail.

The empirical results claim that increase in the spreaderidfi tail in the destination lowers
the commuter stream, but increase in the spread in the agifot West German regions pushes
it up. Increasing the median wage in the destination by 1%es&ihe number of commuters by
3% if the destination is in West Germany and by about 4.5%éfdhbstination is in the East.
The empirical results also support the role of "intervenipgortunities”. The estimates show
that regions with higher wages and population are moreyliteehattract commuters.

There are still many challenges facing a researcher in tltedfgob search. Analysis of par-

ticipation behavior and withdrawals from the labor markas Ineceived so far little attention.
The empirical testing is also rather tricky so far becauss itot always possible to identify
a "discouraged worker”. Many problems facing a researchgob search are data driven:
reservation wages are rarely observed, but even so, thaureeaant error of the self-reported
reservation wages is an issue. Moreover, IABS data, for pl@ncontain information on the

unemployed receiving the unemployment benefits. Some ulogegbare officially registered

only to receive the unemployment compensation but do natedgtsearch for work. On the

other hand, some of the jobless workers are actively seekimgoyment but are not entitled to
receive unemployment benefits and therefore do not appéhe iadministrative data. Hence,
there is need for data where it is undoubtedly possible totifyethe active job search state.

The chapter on commuting provides an alternative searclehwdten the changes in the wage
offer distribution are asymmetric. The model derives tlgn $f the effects of the changes in
the spread parameters on the reservation wage unambigublastever, the theoretical effect
on commuting is ambiguous. Therefore, the estimates ofdh@muting model only indirectly
support the theoretical results. To support the theoleticalel directly, one needs to estimate
the structural parameters of the model, which does not seebespossible with the aggregate
data. To test the data empirically using the micro data requdentification of the place of
residence and the place of work in the data, which is not abvkElas a scientific-use version
of the IABS. On the other hand, the effects of the changesensiiread parameters of the
distribution on participation are unambiguous (see Sed@id). These results were empirically
supported by Moller and Aldashev (2006b). Another potdrdrawback which has not yet
been discussed in the locational search model presentetimB 5.2 is the competition among
searchers for jobs. If the number of vacancies in the degimés limited, then the inflow of
commuters would reduce the chances of getting a job, heedece the arrival rate. A possible
extension to the model would be to endogenize the arrival rit a slightly different setting
this has already been done in Moller and Aldashev (2006a).
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Notes

In Hall (1979) a case with a linear indifference curve is gisesented which results in a corner solution for
an efficient separation rate.

2Introduction of dividends into the model is not really ail to the model and they do not enter most of
the further calculations. It is assumed that unemploymenipensation is financed by lump-sum taxation on
dividends.

3If at a certain wagev’ profits could be higher than at any other, all firms would sit Wage and the wage
distribution would collapse to a one-point distribution.

“4In the absence of unobserved heterogeneity reservatiogsimnot have to be necessarily observed, however,
reservation wages must be observed in order to identifyigtalltion of unobservables (see Frijters and van der
Klaauw (2006) and Flinn and Heckman (1982))

SFrijters and van der Klaauw (2006) also come to this conchusi

5Blanchard (1996) finds that in tight labor markets, firms wilit discriminate against the long-term unem-
ployed, but in more depressed markets they will.

"Lancaster (see Lancaster (1979)) calls the hazard spéicifiGa”second best” to studying reservation wage
itself.

8Exponential specification was called by Kiefer (1988) "mathoice”.
°In case of censoring and ties the framework should be sjighddified. See Kiefer for details.
19| am indebted to Bernd Fitzenberger for this comment.

Hsearch theory is not the only candidate to explain inteoregimobility. An interesting example of the effi-
ciency wage theory in a locational context can be found inazig2002)

2Commuting to regiorB involves a commuting or travel codt so to compare wages i and 3 one needs to
subtract the commuting cost from the wagein

3see Mortensen (1986)

14The actual value is not critical; one could also assume Heldwest value of leisure is= biy,.

BThis is the preferred model. Alternative specifications lsafiound in the Appendix

16Testing zero-inflated Poisson vs. zero-inflated negativerhial is straightforward as the two are nested.

171t has to be noted, however, that the statistical theoryrzkeduration models was developed long before
durations models found applications in labor market ansl\Buration models have been successfully applied in
many other sciences, for example, biology, medicine, esgging, and etc.
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Appendix A

Formulae Derivation

A.1 Formulae from Section 2.1.3

Derivation of Equation 2.21.

max ¢(m;) = [1 — (1 — f;)™ ] w;/r —m;(c+ a- D).

m;

From the first order condition:

dp(m;)

8mj

It follows that (ignoring the subscrigtto save notation):

In(1 - f)

m =

Sinceln(1 — f) = —f for small f, one obtains:

m:ﬂn(—c+a'D”>/GJ7=—J’Hn<c+“'D”>=af1m< fowfr

C+GDZJ

—f-w/r frwfr

A.2 Formulae from Section 2.2.1

= —(1 =)™ In(1 = fjw;/r = (c+a- Dy) = 0.

(A.1)

(A.2)

(A.3)

) (A.4)

Conditional distribution of wage offers above the reseoratvage can be written as:
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f(w|’w Z wR) = Pr(w > wR)’ (A.5)
with Pr(w = [,n f(w
The expected wage, given that the offers exceed the reserveage can be given as:
E(w|lw > wR) =
R B q(z, ’w)f(w) B
/wR iz e / Y o) fwdn
!  Jorwa(z,w) f(w)dw
[ a(z,0) f(w)dw /wR wq(z,w) f(w)dw = T a0 fw)de (A.6)

Suppose that at = 0 the job offer is not accepted, but accepted in next peried,att = 1,
then the present value of the returns to search in the nexidpare given by:

b—c+§:pzw “kf w%, (A7)

whereb are the unemployment benefits anid the search cost.

An agent continues the search in period 2 if unsuccessfuttiiog 1, thus the present value of
the returns to search in period 2 is conditional upon beirsgiacessful in period 1:

wR
(1-pzw ) 1+T E:p Bt> )]. (A.8)
For period 3 in the same fashion:
2 _ R
(- sea) [ P2 g

To sum up the returns to search across time periods, it waalldeltpful to separate the two
terms in the square brackets. For the first term we get thewolly series:

2 p—c
(1+7)?

b—c
1+7r

b—c+ (1 —p(z, wR)) + (1 —p(z, wR)) + ... (A.10)

or.

ety (=)’

— 1
e R i

+..]. (A.11)
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The second in Equation A.11 is the diminishing geometrieesewhich sums up to:

2
R
1_ R <1—p(z,w )) 1 1
4 Lopl ) +o. = -~ (A1)
1+7r (147r)2 1_1—p(z,w) T+ p(z, wk)
1+r

Thus, the expression in Equation A.10 equals:

1+r
The sum of expected wages across periods can be given adlthnarig series:
pew Bl > ) | plentEloz 0 |,
1+7r (1+7)2
m) [Pz w E(w|w > w?)  plz, wh E(ww > w)
(1= pzu)| (1+7)2 - (147 £+
2 R R R R
B m\ [Pz wt)Ewlw 2 w®)  pzw)Eww>w?) (A.14)
(1=pew) | A+7) - (1+7) +o]
(1= pzw®) [
This could be simplified to:
_ (1+ b, )+ -
I+r (1+47r)?
1-— R 1 1
W< T
p(z, w) E(wjw > wh) T +r (1+7)
A.15)
L4 1—p(z,w?)\?2 1 1 (
( 1+7r >(1+1—}—r+(1+7*)2+'”>+

The term in square brackets is also a diminishing geometagrpssion and its sum can be
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given as:

1+

1 —p(z, w?) 1 —p(z,w") ’ - i (A.16)
1+ 1+7r r+p(z, wh)

Thus, Equation A.15 equals:

p(z, W) E(wjw > w) <1 + 7“) ( L+7 ) _ p(zw)Elw > w)(A +7)

1+ r r =+ p(z, wh) r(r+ p(z, wh)
(A.17)
Summing up A.17 and A.13 gives:
(b—c)(1+71) R R 1+r
. > . .
T ENT IR T T e ) A1
A.3 Formulae from Section 2.2.2
In continuous time case,— 0, one obtains:
—A\T
tim L5 7) iy CTAT ey
7—0 T 7—0 T 7—0
AT m —AT \m, -m—1
lim 207 gy AT AT o et i T
7—0 T T—0 m!T T—0 m' 7—0 T
lim 1-6(r) =1l Lo lim(re™™) =7r
7—0 T 7—0 T 7—0
lin% B(r)=1
(A.19)
The Bellman equation in 2.28 considerably simplifies:
Q1= B(r) = (b= )7 + B() | oy aln, 7 ) [ maas [0, W w) - Q] g (1) dw| —
0 o0 (A.20)
Q1 —B(7)) n,7) .
- = (b—c)+B(r Z /max [0, W(w Q]g(wn)dw]
n=1 0
A.4 Formulae from Section 2.3.2
The change in the share of workers earningr less can be given as:
G (w) = A\F(w)u — (5 P - F(w))) (1 - u)G(w). (A.21)
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The first term denotes the share of unemployed workers (ddrmtz) who find jobs (at a rate

A) offering wagesw or less (given byF'(w)). The second term denotes the employed workers
(1 — u) who become unemployed for exogenous reasons (at ayatewho move to higher
paid jobs (at arata(1 — F'(w))). In the steady statéG(w) = 0 and hence:

L OF(w)
GWJU_5+AG_F@M. (A.22)

The share of firms offering the lowest wagerigh) = 0. A firm offering the lowest wage would
then have a profit of:

L OAMp—b)
m(w; F) = VES\E (A.23)
A firm offering a wagew would have a profit of:
OMp = w) (A.24)

m(w; F) = M5+ M1 — F(w))]?

Since in equilibrium all firms are equally profitable, eqoatA.23 and A.24 would yield:

- pp__— i ] . (A.25)

Given the relationship between the offered and observe@svegEquation 2.53, one obtains:
p—2>b

Gw) =~ — — 1. (A.26)
p—w

By equatingG(w) in A.26 to 0 and to 1, one can find that the lowest wage in the @ogrisb
: . d \2
and the highestis — (p — b) <5+—)\) .

The expected wage in the economy is:

E(w) = /wH wdG(w), (A.27)



5§ \2
wherew; = bandwy =p — (p — b) (5+—)\> :

Integrating A.27 by parts yields:

E(w) = wG(w)

b

The first term in A.28 is equal to .

/ G(W)dwz—Z(p—wH)l/ng/p— -y
b
5 5b
I ey SIS
(=) VP —b+~

Hence,

E(w) = wy +2(p — wH)l/zgx/p —b+ &UTH—

2(p — b)lﬂgvp —b— %
5 2
Substitutingwy =p — (p — b) <5+—)\> into A.30 yields:

5 A
Blw) = 5350+ 553

A.5 Formulae from Section 3.1

Collecting terms in Equation 3.2 yields:

wH—/ G(w)dw.
b

5wH

(A.28)

(A.29)

(A.30)

(A.31)

Q) —QUt+7)=0—c)T+B(1) > q(m,7) ZomaX[O, W(w) — Q)] g(w,,)dw+

+0(1) > q(m, T)QUE) + B(1)q(0, 7, )t +7) — Qt + 7).

(A.32)

Note that3(7) = e~ andq(0, 7, \) = e~*("), hence one can simplify Equation A.32:
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Qt) = Qt +7) = (b— )7+ B(r) T, g(m, 7) 7 max[0, W (w) — Q(6))g () de

+B(r) Yoo q(m, T)QE) — Qt+7) (1 — e e AO7)

(A.33)
Moreover, in continuous time:
i, lQ(t +7)— Q(t)} _ dQ(t);
T dt
lim,_ a, 7)) = \(t); lim a(m, 7, A) =0, form > 1 (A.34)
T T—0 T
1 — 77 ()T
i, (L) ().
T
Hence, dividing A.33 by and collecting terms yields:
Q o
_dd—l(ft) =b—c+ \(t) /max {0, W(w) — Q(t)} dF (w)+
0
A.35
+AE)QUE) — QE)(N(E) +71) = ( )
=b—c+ At) [ max {0, W(w) — Q(t)} dF' (w) — Q(¢t)r-
0
Remembering tha®(t)r = w?(t) we can rewrite Equation A.35:
< R
wh(t) =b—c+ M) / (w —wh(t)) dF (w) + dw (t>, (A.36)
r rdt
wh(t)
or alternatively:
dw®(t) R i R
pramiak (t) —r(b—c)— A¢) (w —w"(t)) dF (w). (A.37)

96



A.6 Formulae from Section 4.1

The probability of becoming employed before titean be written as:

P(T<t)=Y {%ﬁw (1—Fm (wR))} . (A.38)

()\t>me—)\t

By the definition of the Poisson distributiop,, > ‘
m.:

=1, and, hence,

At)™ : .
- ( )' = ¢, One may rewrite Equation A.38 as:
m:

P(T<t):1—e_”iw.

m=0

(A.39)

m)!

Since = M@ thenP(T < t) = 1 — e MA-F™),
m!

A.7 Formulae from Section 5.2

The value of search function in the bilocational model ixgias:

0= <b — CA<9A) — CB(GB)>T—|—
B iy aalm. m)ap(n. ) [ max(W (@), 2)dG )+

+3 qaln, 7)as(0,7) T max(W (z), Q)dG(z; n)+

+> 0 1 qp(n,7)qa(0, 7) Zomax <W(:p) — g, Q) dGp(z;n) + qp(0,7)qa(0, T)Q}
(A.40)

We can rewrite A.40 as:
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oo

0= (b calla) = es(0s) )7+ B T2y oy aalm. T)ap(n.7) [ max(W (2) - 2. 0)dC () +

0

+2 e 4a(n, 7)gs(0,7) ;fomax(W(x) —,0)dGa(z;n)+
+2 021 48(n,7)qa(0,7) Zomax (W@) - g -9, O) dGp(xz;n) + qp(0,7)qa(0, 7))+

+ 27010:1 Zgzl QA(mv T)qB(nv T)Q + 27010:1 ga (TL, T)QB(()? T)Q + 27010:1 4B (TL, T)qA(O’ T)Q}
(A.41)

Consequently:

0= <b —ea(Ba) — cB(eB))T + 5(7){23;1 S ga(m, m)as(n, ) ;fomaX(W(:c) —Q,0)dG(x)+

% ga(n,7)as(0,7) :fomaX(W(:c) —Q,0)dG A n)+

+ > ne148(n,7)qa(0,7) Zomax <W(33) - g - Q,O) dGp(z;n) + Q}

(A.42)
. e M@ (X, (0 e BUB)T(\p (0 L .
Sinceqa(m, 7)qp(m, 7) = gn'A( A" Ez'B( 21" itis straightforward
to show thatlim,_g 4a(m, 7)a5(n, 7) = 0, when bothm > 1 andn > 1. Hence, the
T
term — Z ZqA m, 7)qs(n, T /max — Q,0)dG(z) = 0 in the limit. Moreover,

nlml

e~ Aa(0a)T (/\A(HA) ) As)

and, hence,
n!

qga(n,7)qp(0,7) =

lim,—o qa(n, 7)qp(0,7) = Aa(fa) if n = 1 andlim,—_y qa(n,7)gp(0,7) = 0 forn > 1. In the
same fashiotim,_y ¢z(n,7)qa(0,7) = Ag(0p) if n = 1 andlim,— gs(n, 7)ga(0,7) = 0 for
n > 1.

Reservation wages are chosen to maximize the value of sd@anciwing that it is easy to show
thatW (w%) = Q or w = rQ and similarlywf = rQ — 4.

Dividing Equation A.42 byr and taking the limit at = 0 yields Equation in 5.4.
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A.8 Proof of Proposition 1

The reservation wage equation for the regibrs given by:

wh =b—ca(0a) — cp(0p) + Aal0a) /(w — wi)dF(w)+
. wd (A.43)
+% /(w — wi)dFg(w).

Taking the derivative with respect toyields:

owlt Owl N a(04 R owl 5(0p R ,
F AT > E« (1= P ) - (W“) : E« (1= Fy (uf) = sinb,
_ —As(05) (1 - Fp (wg))
r 4+ Aa(0a) (1 — Fa(wh)) +Ap(0p) (1 - Fp (wg))

(A.44)
. : owk . R R .
It immediately follows that-1 < wra < 0. Havingwy + § = w5 one obtains:
8w§ o r 4+ )\A<9A) (1 — FA (wff)) (A45)

06 1+ Xa(0a) (1= Fa(w)) + Ap(0p (1 — Fp (w))’

R
and therefore)) < % < 1.

A.9 Proof of Proposition 2

To derive the effect of the change of the median on the reBenvawage one needs to introduce
the notion of the translation of the distribution. Changihg median holding the shape of the
distribution constant is simply a parallel shift of the distition. If we increase the median
of the distributionF’(x) by the valueu, the resulting distribution would be a translation of the
original c.d.f. F'(x). The distributionG(x) is a translation of'(z) if G(z + 1) = F(z) and,
henceG(z) = F(z — p).

Given thatw® = w + 4, the reservation wage in the regignis given as:
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wf;:b—cA(eA)—cB(eB)ﬁAf” OO( —wf)dFA(w)+)\B<eB) / h (w—wh—8)dFy(w).

w
wg r w§+5

Increase of the median in regiohby 1 would result in a new reservation wage:

g

80 = 0= ea(0) = en0) + 200 [ G wliarao -+

r wh (1)

i) /OO (w — whi(p) — 8)dFp(w).

" wh (1) +6

Subtracting A.47 from A.46 we obtain:

By integration by parts one obtains:

8
S
+
o\
S
g
S
S
|
=
QU
S

/ (w — Wi (u))dFa(w — 1) = Ea(w) + i — wf

w

h>:v

8

(w — wR)dFa(w) = Ea(w) — w + /0 ) dw

€
=3

[e.9]

(n)+o
(0 = ) = )aFp(w) = Bo(w) vl — 6+ [ Fow)du

wh (1) +6

00 w§+5)
/ (w —wh — 6)dFg(w) = Eg(w) — wh — 5+/ Fg(w)dw.
wh+6 0

Hence,
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D)

>

hS
—
>

b
S~—

N

wi(
p—wi(p) +whf+ / Fy(w — p)dw — /o FA(w)dw>+ (A.53)

\n(0O wiy (u)+9 wi+5
5(0s) (—wf(,u) + wh +/ Fp(w)dw —/ FB(w)dw>.
0 0

Dividing the expression in A.53 by and taking the limit aj = 0 with the help of the results
obtained in A.49 - A.52 one gets:

ow’ (1)
o

WA () pawl) — [ fawyan) + (59

Ap(0p) ( Owl(p) R
(-7 Fa(w + )
Therefore:
owi(p) Aa(0a)(1 = Fa(w}))
= = = ) (A.55)
o 4 Aa0a)(1 — Fa(h) + Ap(05) (1 — Fu(w] +9))
R R R
Obviously0 < Owi(p) < 1. Knowing thatw% + 6 = wZ one obtains% = %.
o o o
In the same fashion, increasing the media®iby :
owy A(05)(1 = Fp(wg)) (A56)

o r+Ap(0p)(1 — Fp(wh)) + Aa(0a)(1 — Fa(wh))’

R
Again,0 < O < 1.
op

For the effect of the spreads, assume that the reservatiga isebelow the median. Denote
A= ["(w—wf)dF(w). One could rewrite:

A

Il
S:J%S\

(w — w®dF(w) +

S\\g

(w — wtdF(w) =
(A.57)

Il
NI
|
S:U%E\

F(w)dw + deF(w) — wht.

o [~ : o : .
Note thata—/ wdF(w) > 0. This result is intuitively clear — truncated mean increai$e
W Jp

. . . g [~
you move the truncation point to the right. Moreovgq,L / wdF(w) > 0—truncated mean
OR Jw
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OA
increases if you increase the variance to the right of thecttion point. Hencea— > 0.
OR

The effect of the spread in the left tail |$ /w %F( Jdw < 0. The logic here is
straightforward — increasing the spread in the left tail egxsome of the probability mass away
to the left of the reservation wage (fewer jobs become digc As a result, the reservation
wage declines to compensate for the loss of the probabibtysn

R R R
Hence SUAR > (0 and goAL < 0. In the same fashion one obtalgs— > (0 and 8OBL < 0.
: . , owg owh owk
Given the relationship ¥ +6 = w% one also obtams— > (0 and < 0,and >0
- 80’,43 8UAL aO’BR
and2Y4 _
OBL
A.10 Proof of Proposition 3
- ot gy Aala) [ R : .
Differentiatec’,(64) = (w — wy)dF4(w) with respect ta):
r wlj‘
vig 000 _ XA 004 [ ou’ ) Va(0)
() Gt = A /(w WY dF, (w) — W(l - FA(wA)> L (A58)
wi
Hence,
_Owf Na(04)
1= Fa(wy)
Da _ 99 ( ) r >0, (A.59)
O X [
y(00) = A [ (w = wh)aFaw)
wi
H awg /! "
smceW <0, 4(04) >0, and)\}(64) < 0.
For search intensity in regioB we can write:
, Ny(05) [
dp(0p) = BEA 5) /(w —wi)dFg(w). (A.60)



And hence:

_%<1 _ FB( R)) )‘QB(HB)

W) | —
Vs _ 99 r <0. (A.61)
O M) [
(0) ~ "2 [ (w0 — wf)iFa(u)
A.11 Proof of Proposition 4
Differentiatec’,(6,) = Xal0a) [, pr i ;
'(04) = . . (w —wy)dFa(w) with respect ta\ 4:
" 004 Ni(0a) 004 Ny(04)
and
004 Aa(04)
= > 0. A.63
ONa 1 (04) — Ny(0a)Aa ( )
From 8(?1 = 00, . a/}A it immediately follows that% > 0, 0 > 0, and 0 < 0.
8wA 8AA 8wA w A O AR OAL
Differentiatec’,(64) = M/ (w — wi)dF 4 (w) with respect tap 4
r wh
wip 1908 Np(0p) 00 Owg ry\ M8(05)
ylbp) 5ot = “EER N — 2B (1 - Fp(wf)) S22, (A64)
U (1 — Fy(wk)) Xy (0
00gp %A( B(wg))\5(0B)
and hencey— = ——; .
BUJA T’CB(HB) — /\B(QB)AB
owk
B (1 — Fp(wi))N5(0
In the same fashion=—2- = — 8"AR/E 5 NB)) 5(08)
30,43 T’CB(HB) - )\B(QB)AB
awg R )\/ 0
g P05 (L= Fi(w)Ne(05)
aO'AL T’C%(HB) — A%(QB)AB

If we want to see how search intensities react to changes gesven both regions simultane-
ously, we simply let the wage distributions in both regioesdentical. Then increase in wages
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: : . : Ny (60 >
in region A would mean the same increase in regi®n Then,d,(04) = (64) / (w —

r R w
B

wh)dF (w) anddy(0p) = A5 (0 )/ (w — wh)dF (w). Itis then easytoshowtham1 >0,

00 4 80A 005 00p 005
A ’ and =2 VB
8aR>0 80L ow >0, Oor > 0. 80L<0

A.12 Data Used

The description of the IABS data set is taken from Moller &idashev (2006a). The data
on wages and wage dispersion were calculated from IABS-REBS-REG is a 2% random
sample from the employment register of the Federal Laboc®fiiith regional information.
The data set includes all workers, salaried employees airgetrs obliged to pay social security
contributions and covers more than 80% of all employmentcllfied are public servants,
minor employment and family workers (see Bender, Haas, dndek(2000) for an extensive
description of the data). Because of legal sanctions foraparting, the earnings information in
the data is highly reliable. Among others, IABS-REG congaiariables on individual earnings
and skills. The regional information is based on the employeor the empirical analysis
the data were restricted to full-time workers of the intedm& skill group (apprenticeship
completed without a university-type of education). All maind female workers were selected
that were employed on June 30th, 1997. For all regions theamedage and the second and
eighth decile of daily earnings were calculated.

INKAR database of the Federal Office for Building and Regld*anning contains basic geo-
graphic and demographic indicators on regional level. &&glipopulation used in estimation
in Chapter 5 were taken from the INKAR dataset.

The data on commuting time was produced by the Institute &giéhal Planning of the Uni-
versity of Dortmund (IRPUD). Using the data on daily commsite@ho report their travel time
from home to workplace, they calculate average travel tigtevben each pair of regions (more
see in Spiekermann, Lemke, and Schirmann (2000) andociatnerein).
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A.13 Maximal Acceptable Commuting Distance, Simulations

Figure A.1: Effect of a change in the arrival rate on maximal acceptabterauting distance

Figure A.2: Effect of a change in the search cost on maximal acceptabntencing distance

105



=0 40 50 &0 7o =0 an 400
wage

Figure A.3: Effect of a change in the median wage (both in origin and dagtin) on maximal
acceptable commuting distance

delta

Figure A.4: Effect of a change in the travel cost on joint search intgrisiboth regions
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A.14 Zero-inflated negative binomial estimation

Table A.1: Estimation results of the zero-inflated negative binomiatlei (East dummy (origin and
destination) is interacted with parameters of the wageiligion). Dependent variable -
commuting flows.

variable coef. robust
st. er.
East origin 5.09 2.16
East destination -3.30 4.05
log travel time —2.66 0.02
log median wage (origin) —0.05 0.25
log D5/D2 (origin) 0.72% 0.44
log D8/D5 (origin) 1.56 0.70
log median wage (destination) 3.00 0.51
log D5/D2 (destination) —2.61 0.96
log D8/D5 (destination) 12.68 1.63
log POP (origin) 0.99 0.02
log POP (destination) 1.00 0.05
spatially weighted POPX100) —0.17 0.03
spatially weighted median wage —0.12 0.01
log median wage (East origin) —0.69 0.43
log D5/D2 (East origin) —0.85 0.93
log D8/D5 (East origin) —4.12 1.37
log median wage (East destination) 1.55% 0.82
log D5/D2 (East destination) 2.42 2.00
log D8/D5 (East destination) —13.53 2.70
const —10.21 1.45
inflate
continued. . .
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Table A.1: Estimation results of the zero-inflated negative binomiatlei (East dummy (origin and
destination) is interacted with parameters of the wageiligion). Dependent variable -
commuting flows.

variable coef. robust
st. er.
East origin —10.39 35.80
East destination 101.05 76.20
log travel time 0.95 0.25
log median wage (origin) —1.08 5.16
log D5/D2 (origin) —4.37 4.78
log D8/D5 (origin) —13.78* 7.42
log median wage (destination) 24.05 15.09
log D5/D2 (destination) —240.64 113.38
log D8/D5 (destination) 185.36 121.93
log POP (origin) —1.16 0.12
log POP (destination) —1.68 0.27
spatially weighted POPX100) —2.80 0.56
spatially weighted median wage 0.91 0.20
log median wage (East origin) -3.71 7.85
log D5/D2 (East origin) 8.39 8.69
log D8/D5 (East origin) 19.90* 13.87
log median wage (East destination) —23.63 14.53
log D5/D2 (East destination) 235.78 112.12
log D8/D5 (East destination) —184.89 120.12
const —82.53 104.95
« 1.21 0.02
Vuong test 12.43
N 190532
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Coefficients significant at 5% level are in bold.
* Coefficients significant at 10% level.

A.15 Descriptive Statistics

Table A.2: Selected descriptive statistics of the data

variable mean st. dew.
travel time by car (in minutes) 259.44 114.08
median wage (in logs) 4.63 0.10
population (in thousands) 179.53 148.63
D8/D5 0.31 0.03
D5/D2 0.38 0.05

Total number of stayers : 18,226,796.
Total number of commuters : 8,948,362.
Number of zeros : 62,775.

Table A.3: Selected descriptive statistics (West and East Germany).

West East
variable mean st. dev. N mean st. dev. N
wage 107.34 7.78 327 90.66 5.91 110
population 197.40 164.32 327 126.97 63.53 110
unemployment rate 8.02 8.49 327 10.70 5.02 110
travel time (minutes) 256.80 39.52 327 267.08 49.16 110

Table A.4: Commuter flows between West and East German regions

Means Sums
West East West East
West 66.3 3.2 7,112,845 117,992
East 12.3 101.7 453,397 1,264,128
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OTT

(1) log D8/D5 (origin)

(2) log D8/D5 (destination)

(3) log travel time

(4) East origin

(5) East destination

(6) log D5/D2 (origin)

(7) log D5/D2 (destination)

(8) log median wage (destination)

(9) log median wage (origin)

Table A.5: Pairwise correlation coefficients
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A.16 Withdrawals from the Labor Market

withdrawal probability
2
1

T T T T T
0 200 400 600 800 1000
duration in days

Figure A.5: Single females, West Germany. Solid line - conditionalhéalsline - unconditional
withdrawal probability.

withdrawal probability

T T T T T
0 200 400 600 800 1000
duration in days

Figure A.6: Married females, West Germany. Solid line - conditionakldad line - unconditional
withdrawal probability.
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job finding probability
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Figure A.7: Single females, East Germany. Solid line - conditionalhdddine - unconditional
withdrawal probability.
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Figure A.8: Married females, East Germany. Solid line - conditionaghe#al line - unconditional
withdrawal probability.
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A.17 Alternative Specifications

Table A.6: Estimation results of the Poisson model. Dependent variabbmmuting flows.

variable coef. robust
st. er.
East origin 0.39 0.15
East destination 0.16 0.19
travel time —0.02 0.00
log median wage (origin) —0.77* 0.40
log D5/D2 (origin) 3.15 0.70
log D8/D5 (origin) —4.39 1.24
log median wage (destination) 5.08 0.53
log D5/D2 (destination) —3.77 1.06
log D8/D5 (destination) 3.61 1.42
POP (origin) 1.80 0.20
POP (destination) 3.23 0.32
spatially weighted POPX100) —0.29 0.07
spatially weighted median wage —0.05 0.04
const —10.07 4.46
R? 0.76
N 190532
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Table A.7: Estimation results of the negative binomial model. Depahgariable - commuting flows.

variable coef. robust
st. er.
East origin 0.52 0.10
East destination 0.67 0.10
travel time —0.02 0.00
log median wage (origin) 0.07 0.31
log D5/D2 (origin) 2.12 0.56
log D8/D5 (origin) 0.08 0.91
log median wage (destination) 4.67 0.56
log D5/D2 (destination) —0.33 0.97
log D8/D5 (destination) 7.47 1.62
POP (origin) 3.62 0.46
POP (destination) 3.23 0.32
spatially weighted POPX100) —0.09 0.06
spatially weighted median wage —0.20 0.02
@ 2.23 0.03
R? 0.23
N 190 532

Table A.8: Estimation results of the zero-inflated negative binomiatiei (Origin West Germany).
Dependent variable - commuting flows.

variable coef. robust
st. er.

East destination 0.10 0.20
travel timex 100 —1.39 0.03
log median wage (origin) 0.17 0.37
log D5/D2 (origin) 2.48 0.66
continued. . .
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Dependent variable - commuting flows.

Table A.8: Estimation results of the zero-inflated negative binomiatiei (Origin West Germany).

variable coef. robust
st. er.
log D8/D5 (origin) —0.21 1.26
log median wage (destination) 4.45 0.58
log D5/D2 (destination) —1.80* 1.07
log D8/D5 (destination) 9.22 1.76
POP (origin) 3.05 0.43
POP (destination) 2.93 0.28
spatially weighted POPX100) —0.08 0.05
spatially weighted median wage —0.17 0.03
inflate
East destination —0.07 0.49
travel timex 100 0.50 0.04
log median wage (origin) 1.64 2.14
log D5/D2 (origin) —0.07 2.24
log D8/D5 (origin) —10.19 3.17
log median wage (destination) —1.89 2.45
log D5/D2 (destination) —-1.71 3.60
log D8/D5 (destination) —5.02 5.61
POP (origin) —34.33 2.42
POP (destination) —23.86 3.29
spatially weighted POPX100) 0.04 0.33
spatially weighted median wage 0.02 0.12
Vuong test 17.02

* Coefficients significant at 10% level.
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Coefficients significant at 5% level are in bold.

Table A.9: Estimation results of the zero-inflated negative binomiatei (Origin East Germany).
Dependent variable - commuting flows.

variable coef. robust
st. er.
East destination 1.37 0.31
travel time times 100 —0.01 0.00
log median wage (origin) —0.08 0.46
log D5/D2 (origin) —1.05 0.78
log D8/D5 (origin) 2.78 2.10
log median wage (destination) 3.92 0.65
log D5/D2 (destination) 1.51 1.26
log D8/D5 (destination) 2.78 2.10
POP (origin) 5.22 0.55
POP (destination) 3.34 0.50
spatially weighted POPX100) —1.11 0.20
spatially weighted median wage 0.12 0.07
inflate
East destination —1.65 4.18
travel time 0.00 0.00
log median wage (origin) 5.17 7.94
log D5/D2 (origin) —6.25 9.44
log D8/D5 (origin) 9.43 7.38
log median wage (destination) —11.79* 7.29
log D5/D2 (destination) —6.76 18.34
log D8/D5 (destination) —6.93 36.11
POP (origin) —25.23 5.67
POP (destination) —40.50* 20.87
continued. . .

116



Table A.9: Estimation results of the zero-inflated negative binomiatei (Origin East Germany).
Dependent variable - commuting flows.

variable coef. robust

st. er.
spatially weighted POPX100) —0.08 2.27
spatially weighted median wage —0.02 0.86
Vuong test 7.71

* Coefficients significant at 10% level.
Coefficients significant at 5% level are in bold.

A.18 Software Used

The body text was compiled in MiKTeX 2.5 freeware using Wihkdb.4, courtesy of WinEdt
Inc. Tables were produced using Gnumeric v. 1.7.6 freewadlecanverted into LaTeX. Simu-
lations and Figures 3.1, 3.2, 3.3, A.1, A.2, A.3 and A.4 werapced in Maple v. 10, courtesy
of Waterloo Maple Inc. Estimations of duration and count eleénd Figures 4.1, 4.2, 4.3,4.4,
4.5, A5, A.6, A.7 and A.8 were produced in Stata v. 9.2, cesytof StataCorp LP.
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