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Abstract:

This paper focuses on a congestion externality in the labor market which is caused by non sequential
search. A model is presented in which unemployment is caused by selection delays of the employers It
is shown that the individual probability to get a job offer is increasing in the numbepbtfations but

that the aggregate hiring rate is decreasing in the average amount of applications per applicant. The
congestion exterridy can be reduced by institutions which specialize in screening large groups of
workers such as temporary employment agencies, labour offices, and head hunters. (JEL classification:
C44, D62, J64, Keywords: Search Externalities, Queuing, Unemployment)
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1 Introduction

In many labor market models the flow out of unemployment originates from the desire to search. A
representative worker samples wage offers sequentially and decides on the basis of the sample obtained
whether or not to continue searching, see e.g. Lucas and Prescott (1974). Alternatively, the matching
models of Diamond1(92), Pissarides (1990) and others allow for search on two sides of the market.
Those models have proved to be very useful and they have large explanatory power. There exists however
a lot of micro-evidence that unemployment is more associated with "waiting" than with "searching".
Moylan et al. (1982) report that most unemployed workers do not spend more than five hours a week on
search activities while Van den Berg (1990) and others (summarized in Devine and Kiefer 1991) find that

the fraction of job offers for which the offered wage exceeds the reservation wage is close to one .

This paper therefore takes a different route and presents a simple model in which unemployment is
explicitly modelled as a state of waiting. In the model, unemployment is not caused by the fact that
vacancies and workers cannot find each other but by the fact that it takes time for firms to process job
applications and interviews. There are reasons to believe that those screening delays are at least as
important as the contact delays which play a central role in the traditional matching models. Van Ours and
Ridder (1992) show for example that the rate at which vacancies are filled up is low in the first few weeks
and increases afterwards, while applicants mainly arrive in the first few weeks (in the last weeks the
application arrival rate is even close to zero). This suggests that queuing and screening are important

phenomena that deserve to be modelled seriously.

The distinction between search and wait unemployment is of course partly semantical but there are

important differences between the approach in this paper and the ones followed in related flow models of

1 The reason for this is that the job offer arrival rate is very low. When one rejects an offer, one has to wait for attoggttime
another offer.



the labor market, like e.g. Pissarides (1990). First, the matching process is treated less as a blackbox since
the effects of screening and selection on unemployment are explicitely taken into account. Second, | allow
workers to search non-sequentially. Since employers can open as many vacancies as they want but workers
can, in general, only occupy one job, it is only natural to allow workers to apply to more than one job. In
the traditional search/matching models, where unemployment is caused by the fact that it takes time for
vacancies and workers to find each other, the best strategy for a worker is to take the first acceptable job
offer. In this framework that would not be a good strategy since when workers have to wait to be screened,

it is in general optimal for them to apply for more than one job. The model here has in common with the
search and matching models that it enables us to study the individual and the aggregate effects of (non
seguential) job search in a unified framework. It will be shown for example that the individual hiring rate

is increasing in the number of applications but that the aggregate hiring rate is decreasing in the average

number of applications, although it is increasing in the number of job searchers.

The outline of the paper is as follows. Section 2 explains the main ideas of “wait unemployment” with a
relatively simple model. To emphasize the differences with the traditional matching models, | assume that
there are no contact delays at all. The equilibrium unemployment stock, the optimal screening intensity and
the optimal amount of applications are derived both from a social welfare and from an individual point of
view. It turns out that because of screening and congestion externalities, unemployment will be too high
in equilibrium. Section 3 extends this model and allows for the plitysith rejecting applications and for

free entry of screening points. In this case there can still be excessive congestion because the probability
of a successful match only depends on the amount of job searchers and not on the amount of applications.
It is true that more applications will increase the contact probability (and therefore stimulate entry of
recruitment offices) but at the same time they will decrease the probability that the worker will accept a
job offer by the same amount. Finally, it will be shown that institutions which centrally screen applicants

can potentially reduce this externality.



2 A simple queuing model of the labor market

To get a clear idea about the differences between the non sequential search model in this paper and the
traditional matching models, | will start with a simple version of the model which captures the main ideas
of congestion unemployment. A key feature of the model is that before a worker can occupy a job he needs
to be screened. Both worker and employer benefit from the screening process in the sense that it improves
the match quality. A natural assumption is therefore that the productivity of a worker is an increasing
function of screening time. Screening is costly however, the firm therefore faces a trade off between
screening costs and match quality. The worker's problem is different. He has to decide how many
applications he has to place, given the fact that applications are costly but also increase the probability to
enter employment. An individual worker will however not take into account that each of his applications
will increase the average waiting time of the other job searchers. Consequently, the number of applications
will be too high in equilibrium. Thus, individual hazard ratesiaceeasingin the number of applications

while the aggregate hiring rateirereasingin the number of job searchers but itlecreasingin the

number of applications per person. | will now formalize those ideas in a queuing framework.

Consider an economy with a large number of heterogeneous workers and one firm with a large number of
(potential) job opportunities. In this economy, the workers need to be screened first before they can be
matched with a vacancy. The arrival rate of job applicantis(assumed to be a Poisson stream and each
applicant,i, can apply tov jobs. The screening rate is assumed to be exponentially distributed with

parameter |.

b(t) = pe™ (1)

Whereh(t) is the probability density function (pdf) of screening time. If in a certain time interval, the

arrival of applicationsdv) exceeds the maximum number of applications which can be hapjllepiéues



of unemployed workers will be formed. This information is already sufficient to derive the steady state

gueue line distribution and the steady state level of unemployment in this economy, which is done below.

A feature of the steady state is that the inflow of applicants is equal to the outflow, see figure 1, which

shows the simplifying case of1.
FIGURE 1 ABOUT HERE

Let P, be the probability to fineh persons in the system. Then in equilibrium, in a small time intbrval
the probability of being in stateand leaving it, has to be equal to the probability of being in stater
staten+1 and moving to state HenceP, ¢h + P, uh=P_; ah + P,,; phandP,eh = P,uh As ZP, =1,

there is a unique solution f&, which can be found by repeated substitution:

P -
n (u)( u) 2)

Given the fact that the average worker sendsapplications one can derive the following steady state
level of unemployment which is equal to the expected amount of applications in thelquaivieléd by

the average amount of applications per wofker.

U =

:g _ o«
: 3)

H-ve

The necessary condition for an equilibrium to exist is that the average screening rate exceeds the average
arrival rate of applicationgu@ ve). In what follows, | assume that this condition is met. If this condition
is not met, unemployment will go to infinity. The expected duration for an application to be profdssed (

is given byL/ve or:

2 see e.g. Gross and Harris (1985).
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(0 - va)
Note that botiJ andD are increasing iv ande. In particular whene comes close tp, unemployment

will become very large. The hazard rate out of unemploynhgrfo¢ an individual worker who places

applications can be written asv{/L), hence:

v

h = (4 - av) 5)
\%
Wherey; is the amount of applications of workeiThus, the individual hiring rate is increasingyirbut

the aggregate hiring rate is decreasing.in

To determine the wage level, first assume that the productivity of a worker ghyaidich is increasing

in the screening time [1/ This captures the idea that more screening effort of the firm leads to better
matches. The flow cost of screening is giverkipf. If p is large, little time per worker is spent on
screening, as a result, screening costs and the output loss of foregone production will be small, but at the

same time productivity will fall because workers and jobs will be matched relatively badly.

After the firm has picked a worker from the queue and has screened him to reveal his productivity, the
wage bargaining starts. At that point, the firm only bargains with this one worker but the same solution can
be supported by an aggregate bargaining between an employers organization and a union. For simplicity
| assume that the match surplus is shared equally. Given the equilibrium wage, the individual workers and
employers have to choose the optimal amount of applications and screening ihtensity. The equilibrium

wage can then be derived in the standard way (first explored by Diat®82&()) by first giving an asset

3 only implicitly take the heterogeneity of the labor force into account by assuming that there are benefits of screttréng. In o
words, the workers do not differ in the potential output they can produce but their talents for different occupations do differ
Consequently, the firm needs to spend some time input to discover which job suits a particular worker best. Similar greldems ar
manifest in the ranking model of Blanchard and Diamond (1994) where there is no explicit reason why firms should rank workers
in the first place. One can even argue that the search/matching models also suffer from this poabisenitis hard to believe why
search and matching frictions exist in the first place if all workers and jobs are identical.
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value to each of the worker and job states. Those asset values will represent the threat points of the

bargainingt The expected income stream for an unemployed worker can be denoted by:

Wy, = b - o’ + h[W. - W] (6)
Wherec? is the flow cost of the applications alnds given by (5) . | will assume that the asset value of
being employed equals:

W = w - Wz - W] (7)

Whereq is the probability that the job is hit by an exogenous shock which destroys®he job . If the job
losers would flow to unemployment, the additional assumption has to be made that in steady state
equilibriumgE=hU. If they flow to non-participation, this assumption is not necessary. | will now turn to

the employers side. The expected income stream of a filled job is assumed to be equal to:

rw, AN
2

F u u - w- gWe (8)

According to the Nash solution of the bargaining, the wage is set in order to maximize the weighted product

of the worker's and firm's surpluses which result from thé job.

W -~ WP = WP ©)

wherefd denotes the worker's relative bargaining strength. To keep things as simple as possible, | will only

* See also Hosios (1990) for an overview of the similarities between different matching models witbpeative wage
bargaining and an exposure on how other natural rate models of unemployment could be reformulated as matching-bargaining
problems.

® There are two points that deserve more attention. First, the idea behind the quadratic application cost is that it becomes
increasingly more difficult to find a suitable vacancy. Second, a more natural assumption is that the application costsrse mad
once and are equalke’. One can however transform those costs into a per period flow ckst.of hereforec can be interpreted
as being equal tk.

® Here I assume that a job looser receives the utility of an unemployed worker. Alternatively one could assume that jdib losers wi
receive nothing or that jobs exist forever. Neither of those assumpiibasamge the main results.

" For a justification of the Nash bargaining solution in this context see e.g. Binmore, Rubinstein and Wolinsky (1986).
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consider the symmetric situation wh@res equal to ¥2. The first order condition implies then that:

WE - WU = WF (10)

Since the union maximizes the expected income stream afiénageworker, the relevant threat point of

the union becomes:

(W, = b - &v? + h[W, - W] (11)

Where the hiring ratle=(u-«v). There are a number of ways to calculate the equilibrium wage, | will show
one. From (11) and (7) an expression Y {W ] can be obtained which can substituted together with (8)
in the sharing rule (10). This results in:

(+ Qb - o) + (r+q+u—ocv)[%—i]

2 (12)

W =

2(r+q) + (M-av)

Note that the wage is increasing in benefifs dnd screening cost&)( which improve the relative
bargaining position of the workers. It is also increasingbiacause a higher valueyimplies a higher

match surplus. Wages are decreasing in application @siad the average amount of applications
(sincep-va > 0). The effect of the screening tinig|() on the wage is ambiguous. A longer screening time
leads to more congestion and higher screening costs but it also improves the quality of the match and

increases output.

The individual worker faces the problem to choose the amount of applicgtish&h maximized\;;,
given the wagev. This optimal value’; can be found as follows. First take the difference of (7) and (6)
to get an expression foM:-W;], which can then be substituted in (6) again, and then maxijzeith
respect tov. The socially optimal number of applications per pergds determined in a different way.

It can be obtained by maximizing (11) with respect.tBelow it will be shown that in equilibrium there



will be a tendency to "overapplicate".

Proposition v, >v if w>b.

Proof. Workers will only apply for a job if the asset value of employment exceeds the asset value of
unemployment, [W -W ]>® . This implies that\(;/dh>0 (see (6)) andW,/dh>0 (see (11)). In the
market optimumgh/dy=(u-a )/ v>0, see (5), whileh/d1=-2<0. From (11) and (12) it follows then that
dW,/du<0. The socially optimal expected income stream is decreasing in the total amount of applications,

hencev'=1 (the minimum value of its domain). In the market optimum, maximizing (6) with respect to

gives,
~(r+q) + | (r+g)2+ (u-av)(w-b)
v o= cv (13)
' (u-av)
AY

Note thaty >0 if w>b, and v, > 1, ifw>c[1+(2(r+q) V)/(u-a V)] + b.

It will be hard to design a contract which will internalize those costs because the determination of the wage

and the worker's decision on the amount of applications are taken independently.

The firm's problem

The firm's problem is to determine the optimal screeningratgiven the wagev. This optimal screening
rate can be found by maximizing the value of a filled job with respgctfFoom (8) it follows then that
W'=2k/y. From a worker's point of view, the optimal screening time is the vajwevbfch maximized\.

After evaluating the derivative &f/; with respect tqu atp’, it follows from (6) and (7) that:

8otherwise we get the trivial solutiorFv'=0.



dw,

Ui

.= Wy +8WUi dw
dp *

o 5 du e

Vi Vi
~ (w-b+q) Sy (14)

- + =

v, 2 Vi
r+q+—(U*-ver) r+q+—(U"-va)
v AY

The first term on the rhs of (14) is always positive while the sign of the second term depends on the sign
of dw/dp From (12), it follows however thaftv/d,.<0. Thus at the market equilibrium screening rate

(L), this second term at the rhs of (14) is negative. Hence, only if the effectnof is relatively small,

the employer's screening behavior causes a negative externality on the job searchers, because the waiting
costs of the unemployed will not be internalized. Unemployment unambiguously increases however with

screening time.

3 Extensions

In this section, the bare bones model of the previous section is extended by allowing firms to reject
applications and by allowing screening points to enter freely. One can think of those screening points as
being recruitment offices. The supply of those recruitment offices is basically determined by the same
forces as the supply of vacancies in the matching model of Pissdi9@€y a&nd hence both concepts are
strongly related. The key difference is that a vacancy disappearsraassit is occupied while recruitment

offices in general remain open after a match. The easiest way to view those recruitment offices is that they
all represent different firms with a large numbepofentialvacancies. The introduction of more than one
screening point brings in a number of complications because the steady state queue line distribution

depends on the ratio of workers and screening points now. It is assumed that every screening point has its

® Under centralized screening, one can think about each screening point as representing an administrator who spends time and
resources to interview the job applicants.



own job applications gueue and that the employers will open up screening points till the marginal value of
an additional screening point will be zero. In this extended model, the existence of a screening process is
also easier to explain since one can now simply assume that a fraction of the applications does not fulfil
the criteria for a certain occupation and that the firm needs time to separate the suitable from the unsuitable
candidate$’ This extension does however give rise to another inefficiency because once a worker is found
unsuitable for a particular occupation, this information is lost and the next firm has to spend screening time
on this worker again. Central screening offices, head hunter agencies or temporary employment offices can
play a public good role in the sense that they have to screen workers only once before they allocate them
to suitable jobs. A second advantage of those institutions is that they can pool resources which leads to
shorter worker queues. The role of those institutions is illustrated in the model by distinguishing between

centralized and decentralized screening.

3.1 A queuing network of the labor market

Assume again that firms invite all applicants to enter the screening process and that the pdf of screening
time is given by (15 As in the previous section, intense screening is costly but leads to better matches,
according to equation (8). When there are more screening points, the average waiting time of course
decreases because the workers are distributed over more queues. Furthermore, assume that the firm

determines the optimal screening rate in the same way as in the previous section.

The extended model makes a distinction between centralized and decentralized screening. The major

differences between the two are summarized below. Under centralized screening, workers are distributed

10 Teyssiere (1996) finds for example that only 166 out of a sampRO&f workers who got an interview (collected from a local
employment office in Marseille) were hired after their first or second interview.

Y Thisis a simplifying assumption which can easily be replaced by others. When firms invite for example a fixed number of
applications, total screening time will be constant and "wait unemployment" will be less important. There will however still be
"overapplication" in equilibrium.
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equally over the screening points at each point in time while under decentralized screening this is not
necessarily the case. Consequently, in the decentralized case, queues will only be formed when there are
more applications than screening points. An interesting extension would be to endogenize the decision
which queue to join. When there are different quality jobs that pay different wages (for example because
jobs differ in the extent to which sunk investments can be appropriated ex post), then it is likely that the
gueues for high quality jobs will become longer (and the probability to get such a job will be lower). In
equilibrium, the marginal benefits of waiting in a queue fgoad job will be equal to the costs, in terms

of a lower probability to get that job andamdjer waiting period. When people have different preferences
concerning the disutility of waiting because there are for example differences in initial wealth, this may give
rise to mismatches. High skilled workers with little initial wealth may in that case be forced to join the short
gueues associated with low quality jobs (since they cannot afford to remain unemployed for a long

period}?. For the moment | will leave this for what it is.

In the decentralized case, it can be decided that the worker is unsuitable for the occupation he applied for.
Let p be the probability of getting an acceptable job offer ang) the probability to be rejected. Then,
after the unemployed worker has decided to how many jobs he wants to apply, he faces a probability 1-(1-
p)" that he is invited into the screening process and a probabifiy'(1hat he is rejected. If he is rejected,

he will flow back to the pool of unemployed.

3.2 Steady State properties of a centralized and a decentralized system

This section shows how the steady state properties differ between a centralized and a decentralized system.

In what follows | will use supscript to denote the centralized case and supsdrift denote the

decentralized case. For simplicity it is assumed that the acceptance rate in the decentralized case=1. The

2 This will not happen under perfect capital markets with complete costless information.
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results will not change qualitatively when@<p%<1. In the centralized case (one pooled system) the

arrival rate is given by:

af = V(T +7) (15)

where vt, and vt ,are the applications of non participants and fired workers respectively. In the

decentralized case the arrival rate is given by:

oo - YT (16)
pS

An analogue to this system is the difference betwedifferent shops with 1 cash deck, an arrival rate of

o/n for each shop and a probabilityhat one's credit card is not accepted in a particular shop which forces

the customer to join the queue of another shop, and a system with only one shopasithdecks, an

arrival ratex: and where all credit cards are accepted. Evelisifl, queues will be shorter in the second

case because customers will distribute themselves evenly over the queues. The steady state queue line
distribution and unemployment stock for the decentralized case can be calculated in a straightforward way
analogue to (2) and (3). This results in:

g V(T,+7T,)

=— 17
P v(5, 1) {17)
whereS is the amount of screening points in equilibrium, which will be derived in section 3.3. Under

centralized screening, workers only need to apply bhce.

For the decentralized case, things are a little more complicated. From (15), (2) and appendix 1, which
shows how can be dealt with "multiple screening points", the joint steady state queue line distribution can

be derived. The system is totally described by the waiting times, the number of screenin@pois (

BThisis again an extreme case. A worker can of course choose to register at different temporary employment agencies. What
matters here is that this causes less congestion than when he would apply directly to different jobs. We can therefgrestlso int
v as the difference in applications under centralized and decentralized screening.
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number of applications, and the inflow into unemployment.

ESi e
S-1
PR = |2 L H ; H (18)
skSg k=0 Kt S( 1- (T1+Tz))
Su

From (18), the steady state unemployment rate can be derived (appendix 1 shows how).

-1
{ 11”2) > [ ‘51”2) " ( ‘51”2) ®
S_
Ue - 0 Sl N W , O (19)
2 I
{ s 11”2) (5-1) n-0 n! ol 1 ’51”2) H
u ' Su

This is the sum of applications "waiting" at the different screening points. Steady state unemployment
increases with the number of job searchers, the average amount of applications, gross in and outflow,
screening time and, although it is not obvious from this equation, it decreases with the number of screening

points §).

The average individual hiring rate is given by the amount of applications times the outflow rate (in persons)

divided by the total amount of applicantdJf in the decentralized case dutlin the centralized case).

hd - VTt
| d '
VU S(v)

Tl+12
he, = e (20)

Note again that the individual hiring rate in the decentralized screening regime is increasiidlénthe
aggregate hiring raterft,)/(U%(v)) is decreasing i becauser increases steady state unemployment.

In the centralized screening regime, workers have no incentives to ahedsenence the aggregate hiring

13



rate is larger in that case. In the next section, some simulations are shown for both regimes. The
simulations are carried out in a way that a distinction can be made between the public good role and the

pooling role of centralized recruitment offices.

3.3 Simulations

To get some feeling about the working of the model, a small numerical example is given in this section. In
reality, search strategies and escape probabilities differ between sectors and types of labor. Hedlow sk
workers, the search and application time will probably be very short while for high skilled labor, search
and application time will be longer. This model ignores all those issues. Nevertheless, it is instructive to
see how large steady state unemployment becomes when the arrival rate of applications approaches the

screening rate.

In this exampler, andr, are set at values equal to their average (x1000) in the Nethéflands , see Gautier
and Broersma (1994), the probability of a match after a contact has been made is set at 0.15, this value
is based on estimates of Lindeboom et al. (1993). Finally,chosen in a way that employers can just
handle an average of 3 applications per worker per month. | distinguish between two cases, one in which
screening takes place completely decentralized and in the other case | consider one fully pooled institution
which screens all applicants and assigns them to different jobs. The public good role is modelled by
reducing the rejection probability capturing the idea that if a worker is found unsuitable for occupation

i, he might still be the right candidate for occupatiofhe other advantage of a centralized screening
office arises from the fact that there is a particular form of increasing returns to scale, due to the pooling
of resources. This leads to a better allocation of workers over the different queues. In the most efficient

case, when every worker is screened centrally and no workers are rejeéstédndo is 1. Table 1 shows

1412 is set at 287 (the average yearly flow from employment to unemployment (70-91)) mnset at 287 (the average
unemployment inflow minus the flow from employment to unemployment).
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that steady state unemployment is in this case negligible. On the other hand in the decentralized case, when
there are 50000 decentralized screening points, all workers apply to 3 jobs and face a rejection probability

of 85%, unemployment can get as high as 3 min.

Table 1 Expected unemployment (x1000) for different values afand p.

v p ue ye

1 0.15 3.3 3014.0
2 0.50 1.0 4.3
3 1.00 0.5 1.8
1 0.15 3.3 19.8
2 0.50 1.0 2.5
3 1.00 0.5 1.1
1 0.15 3.3 5.0
2 0.50 1.0 1.1
3 1.00 0.5 0.5

Heor=1057.5, Jocen =211.55=50 (x1000).

To get an idea of the separate effects of pooling and the "public goods" role of recruitment offices, |
introduced exactly the same rejection probability for the decentralized case. Consider for example the case
wherev is equal to two. When the acceptance probabiitys 0.15, the advantages of pooling are much
larger than whep is 0.5. In other words, the closer the arrival rate of applicants comes to the screening

capacity, the larger the advantages of central recruitment agencies are.

3.4 The equilibrium wage

In the previous sections, the amount of screening p&@ntsas still treated exogenously. This section
derives the amount of screening points under free entry in the decentralized case. This can however not be
done properly without taking wages into account. Wages are assumed to be determined in the same way

as in section 2.
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To determine the equilibrium wage, one can basically use equations (6),(7), (8) and (10) agaih®, Where

is now given by (20), ang= 7,/E. Thus in equilibrium,

YK e
Hop? w9-b+cv?
W = —H - w-wy) = (21)
r+g T1+T2
r+qg+
Solving for the wagev yields”:
(r+q)b-cv?d) + | regqei2f| YK
wd = u“ Hop?
= . (22)
2(r+q) + 2
U

Note that the wage depends positively on production and unemployment and negatively on the application
and screening costs. Under centralized screening, a higher wage would result because the outside option
of workers improves sindd°<U* and less application costs have to be made. Thus, part of the efficiency

gains of centralized recruitment will be appropriated by the workers in the form of higher wages.
3.5 The amount of screening points in equilibrium

To derive the amount of recruitment offices in decentralized equilibrium, | will assume in addition that the
flow costs of opening a recruitment office are equal.tBor an individual recruitment offidethe fraction

of acceptable applications will be equal to the total number of applications which arrive at recruitment
officei, divided by the total number of recruitment offices. Since only a fractionfthe applicants will
accept firmi's job offer, this number has to be dividediby

pv(7,+7,)

'Wg = -Cg +
S S vS F

- 0 (23)

| have assumed here that in an efficient equilibrium all profit opportunities will be used, hége@.

Solving for S gives:

15 The costs associated with the screening points are sunk and play no role in the wage bargaining.
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v Yo K
S - " Tz)p[ LS " ] (24)

Note that the supply of screening points increases with the number of applicants. The effect of the average
number of applications per applicant on the supply of screening points is more complicated however. There
is no direct effect because jobs are filled by persons and not by applications. There is however a second
order effect which goes through the wage. If the average application rate is large, the state of
unemployment becomes less attractive and the worker or union will take this into account by accepting a
lower wage. This lower wage will result in a higher match surplus for the employer and consequently in

a higher equilibrium stock of screening points.

d_S _ oS dw _ pZCV(Tl+TZ) >0
d owd
U

The social benefits of an extra screening point are in terms of less congestion and unemployment because
it will speed up the rate at which matches take place. This follows directly from (17). Individual firms will
however not internalize those positive external effects of more screening points. Also note from (24) that

if (pooled) screening points would be assigned according to the same free entry rule, more screening points
would be opened because the expected benefits would be higher. The main reason for this is that screening
always leads to a match in the centralized regime. The total effect will be positive even though the fact that
w>w! dampens this effect.

4 Final Remarks

This paper focuses on a particular type of congestion externality namely one in which an increase of the
search intensity of one person, increases the average waiting time of the others and hence reduces the

expected benefits of search. Simulations show that small changes in the screening and application intensity

16 Recall that it was assumed that employers and workers split the match surplus equally. This means that the efficiency gains
partly result in higher returns of a filled job and partly into a higher wage. Under free entry, the higher asset vied:job avill
induce additional entry.
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at the micro level can result in large unemployment at the aggregate level. The labor market was portrayed
as a queuing model in which unemployment duration is for a large part out of control of the worker and

in the hands of other searchers and employers. Coordination failures with respect to the search intensity
of workers lead to an equilibrium where workers who decide to search, apply for too many jobs and
because of that, the rewards to search are lower than the socially optimal rewards. Institutions which
specialize in screening like head hunters and temporary employment offices fulfil a useful role in reducing
unemployment because they are able to pool resources and they have a public good role in the sense that

the information of a screened applicant is not lost after he is rejected to a particular job.

In reality there may of course be good other reasons (i.e. increased competition) for decentralized screening
so that the "true" optimum will be somewhere in between totally decentralized and totally centralized
screening. The results of this paper are also consistent with the observation that large firms pay higher
wages than small firms. Large firms typically have large recruitment offices and many different
occupations so that the probability that screening a given woilkégzad to an acceptable match is higher

for those firms. It is likely that part of those efficiency gains will be appropriated by the worker in the form

of a higher wage.
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Appendix

Multiple screening points

This appendix describes the steady state properties of a centralized recruitment office with multiple
screening points. It will be assumed that all screening points are identical and that each application joins
the smallest queue. To derive the steady state properties of a multiple screening system the balance equation

method will be used again. In a very small time intehyahe following relations hold in the steady state:

Poah = P,uh
P,eh + P,uh = Rah + 2P,ph
P,ah + 2P,uh = Pah + 3P;uh

P.,eh + np,uh = B ah + (n+1DP, ., ph O<ns<s S-1
P.,ch + SB,uh = R, e¢h + SP,,; ph n>S

Consider the following two cases. (1) There are less applications than screening points and no queues will
be formed. (2) There are more applications than screening points. Case 2 is the most relevant case. In the

sequel it is assumed that QA < 1.

Casel. 0 <S1. The steady state queue line distribution is given by:

n n! 0
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Case2n:>S The steady state queue line distribution is given by:

A

sn-sg ° 3 g

One can writd, in terms ofz, 1 andS by using the fact that all chances have to sum up to 1. This gives

Hence,

In the steady state, the expected number of units in the systesggual to the sum of the average
number of waiterslL() and the average number of people that is being screefipgd (

(S - Ly2s-1)! T om
K "
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Figures

uh uh Wh uh uh
ah ah ah ah ah

Figure 1 Transition diagram
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