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0: INTRODUCTION

In recent years considerable attention has been given to turnover in th
labor market. See, Jovanovic, 1979 and 1984. This reflects a growing
awareness that the labor market is characterized by incemplete information &

so search and metching. Only incomplete information can explain the large

tlows of labcor between emplovers observed in the U.S. lakbor market, In
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particular, only imperfect informaticn can explain the eutremely large amou
ot search conducted by new entrants to the labor force. See, Topel and Hard
1985. In such markets where information is costly one would expect middlenme
or intermediaries to arice to enable traderc to econcmize on information
gathering. However, all the formal medels cf turncver and search by new
entrants that have been developed exclude the possibility of such
intermediaries. This isc becoming an empirical embarassment because of ths
rapid growth in the U.5. of the proporticn ot iok changes that are mediated
such intermediaries.

This growth in the use of intermediaries has not gone unremarked by tho
tnvelved in the market. It iz, for instance, a complaint among persannel
managers that the growth in use of intermediaries hac forced up wages for th
groups of workers concerned and generally tc have caused the lahor market to
have tightened.

The principal aim of this paper it to show what role labor market
intermediaries, or as we will rall them, search firms, play and what impact
their presence will have on the competitve equilibrium wage and vacancy rate
We find that the introduction of search firms will indeed raise the
equilibrium wage rate and also, for reasonable parameter values, lower the

equilibrium vacancy rate, However, this “tightening” of the labor market
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reflects a rise in the efficiency with which labor is allocated. & secondary,
aim ot the paper was tc model the hiring strategy of the firm in the face of
random quits by employees. We find that in a labor market with incomplete
information an optimal hiring policy may involve hiring before the incumbent
worker has quit, i.e. laber hoarding. Formally, labor hoarding by the hiring
tirm reprecente a situation in which the firm chooses, at a cost, to search
with perfect recall. The cost of aquiring this right is that it the firm has

to pay a wage greater than the new hire‘s marginal product of labor. MWhen, in

addition, the guits-are stochastic, the firm may also advertise vacancies that
do not exist, in the sense that even if the firm finds a suitable warker it

may not hire him.
The paper is organized as follows. Section | describes briefly the labor

market intermediary industry and setc the stage for the analysis of th
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subsegquent sections. Section 2 analyses the firm's optimal hiring policy when
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nonstochastic quits., Section 7 extends the analysis to stachs

gquits and identifies which hiring strategiec are

i

aused by incomplete

i+
wn

informaticn in the labor market and which by the stochastic nature of gui
Using the results of these sections, secticn 4 shows that in eguilibrium all
tirms will hire via search firms even when the search techn togy of the latter
1s the same ac that of the employers. In section 5 the steady state
competitive equilibrium of the labor market is analyeed with and without

search tirms and the impact of the latter on welfare, wages and the vacancy

rate derived. Section & contains some concluding comments.

t: THE GROWTH AND STRUCTURE OF THE INDUSTRY

The personnel supoly services industry (SIC 736) is both large and
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growing. In 1982 it included over 16,000 ectablichments, employed 400,000
people and had total revenues of $9 billion. The major parts of the personnel
supply services industry are employment cervices (5IC 7361) and help supply
services (SIC 7362). This paper concentrates on the former,

The private placement "business" has been almost entirely ignored by both
labor ecocnomiste and industrial relations specialists. GSee Ornati and Eisen,
19681, In fact this business is made up of different sets of firms with
distinct but cverlapping characterictics. These are the private employmen
agencies that provide placements tc emplovers and are not generally invaolved
“

Wwith executives: the

search” firms that specialize in the placement of

executivesy; the casting bureaux that primarily serve the theatrical and movie

m
w

worlds and the temporery services supply firms that differ from the othsrsg
because the emplovees that they place remain on the placing agencies’

payrolls.

1
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In 1%B8Z there were 9,600 employment agencies with 97,000 emplovee
total revenus of $1.9 billion. In terms of establishments, there are roughly

t many employment agencies as automobile rental establishments and coin

m

operated laundary and dry cleaning establishments and more agenciss than movie
theaters or hotels. On the other hand, in terms of revenue, the emplovment
agency industry 15 only as large as the Matinnal Can Co., the 1BEZth., largest
cempany in the Fortune 200 listing.

Not only is the industry large but it is growing fast. Table | cshows the
rapid growth of employment agencies since World War I1. With an increase in
payroll of 126% since the 1977 Census, emplovment agencies have grown more
rapidly than any other buciness service industry except for computer
programming services, management consulting and interior designing firms.

Geographically, like most businesz services, employment agencies are
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concentrated in Calitornia, New York, Texac and Illinois. From an industrial
organization point of view the industry is characterized by easy entry, high
labor intensity and low fived costs., The result of this cost structure is
that the industry is Erimarily made up of small, single establishment firms
with low per employee payrolls and with a large proportiaon of individual
proprieterships., See Table 7. Some firms are, however, large. Orly 5% of
employment agencies are multi-unit establishments, but this 5% accounts for
almost one gquarter of the industry’s revenues.

No exact figure can he placed on the impact of these agencies on the
labor market because data for the volume of placements made by these agenciecs
are not available. Given that the product being =old by the agenciss is the
availability and qualitv of certain workers then one would expect them tgo
become a more impartant influence on the labor market when the demand for thisg

product rises, Several developments sy gest that this demand hacs risen

[T}

substantially in the last twenty years, Demographically, the low Birth rate
in the 1930z reculted in & shortage of people of executive age in the i1970°'s
and so increaszing pressurss to tind people with the appropriate talents and

backgrounds. Geogra hically, the movement ot corporate headguarters gut gf
G Orap )

-
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City cores to the suburbs and away from the north east and to the sguth
has raised the demand for the type of information provided by emplovment
agencies and search firms, Finally, the dramatic increase in the
protessionalicm of maragement has resulted in increases in the size and
specialization of managements and sc increased demand for the preoduct of the
search firme,

b

23y DETERMINISTIC GUITS: SUCCESSION FLANNING
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The forcec at work in determining a firm’s decicions about searching for
and hiring new workere can be demonstrated most clearly in a model in which
the date at which the job’s incumbent will guit is known in advance, e.g. 3
retirement, and where the replacement worker is presumed to stay in the
future. In the human respurces literature a strategy for filling the vacancy
created by such a guit is known as succession planning. Succession planning
is contrasted in that literature with the strategies used when filling a
vacancy that has cccured unexpectedly., These latter strategies are called
replacement planning. As will be shown below there are good economic reascns

for adopting guite different strategies in the two cases. Analvsing the firm’s

o
mn

successipn planning, apart from being interesting in its own right also h
the advantage of demonstrating which featurez of a firm’s behavior stem fraom
incomplete informatiorn in the labur market and which 4rom the stochastic
nature of guits.

Consider, then, & firm that has one Jjob. MWorkers cutcide the firm are of

H

two kinde, suitable (well-matched) or unsuitable for this job at thi

¢

+
particular firm.* The proporticon of workers that are suitable is (1-pb,

i
1
31
w

Gopal. I+ a suitable worker 12 in the job the firm receives and can cbs

o
1]
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m

per period profit of n:0 while if the ipb is vacant the firm incurs,
ot tixzed costs, z per periad loss of -k, k;0, If an unsuitable worker 18 in

the iob the firm incurs a loss that i1s suffiziently great, in ocur notatiaon
greater than Y{1), thet it will never hire such a worker. In order to hire a
suitable worker the firm must first find aone. Neither it nor the workers
FEFFERRFESER RS

1 Note thzt "suitable” means well-matched rather than highly productive tc
all poscsible employers., Match guality can be thought of as being continuous
and employers as chooeing & cut-off minimum level of match quality below which

they will not hire a worker. GSuitable workers are then those workers whose
match guality exceeds thie cut-ocff level.



b
know, ex ante, whether a particular worker is or is not suitable +tor the iob.
However, the firm can discover the suitability of & worker by testing the
worker at a cost c:0. This test can be thought of as an interview, a written
or practical test or ane period of cbserving the worker on some trial 1ob.
The firm can test as many workers as it likes in any pericd though each warker
tan go through only one test per pericd. The labor market 1s, theretore,
characterized by incomplete information about workers’ characteristics,

The iob is currently occupied but at some known date T in the future the
incumbent will gquit and the job fall vacant. MWe wish to krnow hew the firm
will go about finding a replacement warker. This is best done by considering
a set of nested strategies that the firm might follow. Concsider first the
myopic strategy of walting until the job falls wacant in period T and then
searching cptimally for & replacement. Dencte by VYi{l) the value to the firm
of having a replacement. Given that the replacement is not expected to quit

in the future®, V(1) i1s given by

VL) = m/el-4)

g
e

where A, 04f<1, is the firm’s discount factor. Denocte by ¥i{l,n) the value to
the firm of having the iob vacant at or after T and campling ni:l workers in

such a perigcd. Thus

H

Yid,n) -k - on + V(1) - pnﬁ[V(l}—V(D,n)J (2.2}

AXEREFEXXEREN TR

ol
-

All of the results in this section can be extended to the case 1n which the
replacement worker will guit after a known, finite periocd of time in the job.



7

The firm must then choose an optimal sample size, n*. FRearranging (2.2) this

thoice can be written as

-k -cn +RiL-pMIV(L)
Max Vid,n) = ——————————————— o (2.3
n 1 - Bp
This problem is concave and, ignoring the integer nature of n, yields a unigue
value of n® which will be one or greater provided, as we will assume to be the
case, 7 + k > c(i-8)/{1-p) @, that is provided it is optimal to search at all.”
Denote the maximized value of V{0O,n? by ¥(0!. As one would expect, the

intensity of search for a replacement, or testing of workers, is increasing in

m+k, the cost of having the job vacant, and decreasing in the cost of testing,

This strategy for +finding & replacement is myopic because 1t ignores the
fact that at T-1 the +irm knows that in the following period the iob will be
vacant. This suggezte that the firw should begin to search at least at T-1.
Denote the value to the firm of searching for a replacement at T-1 by

V—1(1’5~1) where 5_q ie the sample size chosen. This can be written as

V—l(l’s—l) =Wo-oCs_ ot AVil) - p5‘1H[V£1)-ViD)} (2.4)
A comparison of (2.2) and {(Z.4) shows that the optimizing value of s_ 5_1,

is just n*. Moreover, this strategy will dominate waiting until T to search
provided it would pay the firm to search i1f the job were vacant, i.e. if

FEEXEXFEXRFEXEE

hed

%ee Appendix 1 for a proof of this.
See Henhabib and Bull (1984) and Morgan (1984) for further analysis of
gptimal =ample size search strategies 1n a sequential search setting.
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Sc far we have established that if the firm ic to search at all for a
replacement then it should begin searching at least at T-1 and use a search

intensity of n¥. However, it may be optimal to start searching even earlier

w
~+
m
i
1.

than this. 1In order to insure itself against incuring a loss of n+k

atter T the firm may cecide to search prior tc T-1. This will depend in part

o

gn the inventory cost of carrying a suitable worker, if one is found, fromw the
date at which he is found to 7. Denote by w:d the per period inventory cost

Bili

P

cf carrying such a worker. Motice that if the firm were given the y to

w

search with pertect recall it need never incur this inventory cest. However,
it seems more reasonable to assume that perfect recall must be purchased by
the firm, Indeed, we will assume that in order to recall the replacement at
T, the firm must actueally hire the worker despite the fact that his
productivity will be lower than his wage up until the departure of the
incumbent. Indeed, if his productivity were zero then the cost of keeping the
replacement worker would simply be his wage. In effect the firm can always
choose to search with perfect recall rather than without recall 14 it 1is
willing to hoard labor, i.e. employ workers at a wage above their marginal
prmduct.S

The conditions urder which some searching will occur prior to 7-1{ can he
ectablished by looking at the choice of whetner to search in period T-2, If
the firm does not search in period T7-2 and behaves optimally thereafter the
present value of its profits, V_2(1,5_2=0), are

EEEEXERELENN XX

[~
oJ

The usual model of labor hoarding relies on there being a fived cost of hiring
a worker and a positive probability that if the worker is laid off he will
quit the firm and not respond to a recall notice. See Bull and McCarthy,
19853, The same forces are at work here except that the hiring costs are now
explicit,



V_2(1,5_2=0) = 1 o+ fn +AVID) (2.3
If, alternatively, it searches in T-2 its eupected profits are

Vo (1,5_,) = @ - s_,c + AY_,(2) = p=-280V_ (2) -~ V_, (1)] (Z.8)

where V_l(x), ¥=1,2, 1¢ the expected profit of the firm in periocd T-{

-

i . : &
cenditional on it having ¥ workers emploved. Note that from (2.4] we have

V_1(2) = Vi1) - w and V_, (1) = V(D) + 1 + & (2.7)

-1

{Z.&) 1s concave in s_. and s¢ unless V_.{l,s_.=1)~V . {i,s_.=0):0 it will not
L i a L “~ -

he optimal for the firm to search at T-2, Substituting (2.7) into (2.4},

evalueating the latter at s_-=1 and then subtracting (2.5} gives the condition

-Coh (l-pl BIVIL-VE0RT - (l-piAlwtk+wl ;0 12.8)
This condition for the optimality of searching at 7-2 and seo
probabilistically, hoarding labor shows that such search and hoarding is more
likely when the opportunity cost of not being able to searﬁh with pertfect
recall i1is high, i.e. v and k are high, and whern the cost of buying the ability
to recall perfectly is low, w low. More interesting is the effect of an
increase in p, that is a reduction in the success rate for search, on (2.8},
FRPEEFRRRERERY
&

The expression for Y_,{(2) uses the fact that once a replacement worker has

j 5 i : i Y
been hired no further search will take place, while '-;(1)_is*obtained by

substituting (2.2) into (2Z.4) and using the fact that s-1 ~ noe
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Raising p has two effects. First of all it lowers V{(0) and sc raises the
penalty for reaching T without a replacement worker. By itself this raices
the incentive to search prior to T-1. However, the rice in p also has the
eftect of lowering the succescs rate ot searching prior to T-1 which by itsel#
would cause the firm to delay search until T-1. The size of this latter
effect depends on the size of w because the marginal benefits ot search prior
to T-1 are invercely proportional to w. Thus if w is high the reduction in
the efticiency of search prior to T-1 has little etfect on the marginal
benefit of search at that time.7 If w 1¢ high ther firms with highlv
specialized jobs for which only a2 low proportion of workers were suitable,
{(1-p) small, will be more likely to search with recall and to hoard workers
than firme with less specialized jobs.

So far we have restricted attention to searching frowm periecd T-Z onwards,
In fact the firm may choose to begin search even earlier. Howsver, the costs
of labor hoarding and so eearching with recall go vp linearly with the length
of the period of hoarding. The effect of this is captured in the follewing

proposition.

Froposition |

o}
[

Let the optimal sample sizes at (7-t) be denoted by g_,, TELL, 2,00,
. . . . L - .
be constrained to be non-negative integers, Assume that it ic profitable
csearch at 7. Then in the model above,

o
f}

—(r41) & 5., for all t

ind there exists a finite v, t, greater than 1 such that for all TiT,
s__=0, -
-1

Proof: See Appendix 1.

EEFIELEFEXX RN

/ For proofs of these ctatements see Appendix 1. The results for w and k hold

T constant and so refer to changes in the composition of total costs.
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The weak ineguality in this proposition comes solely from the integer nature
of the csample size, The behavior of the optimal sample size over time it
shown in Figure !, Notice that the proposition implies that the probability
ot hiring in a periocd, conditional on no hire already having been made, rises
after T and reaches a plateau at T-1.

We have seen that, when faced by incomplete intormation in the labor
market and an anticipated guit, a fivm will choose to begin looking for &
replacement worker at least one pericd prior to the guit and may even begin
cearch earlier, though at & lower intensity, and hire a replacement with scme
positive (but not unit) probability prior tc the guit, 1.e. the tirm may
choose to hpoard labor., We turn in the next section toc what additional

behavior might be observed 14 the guit were random.
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REFLACEMENT FLANNING

Consider z firm like that of the previcus
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2 ouvit occuring once at & fixed date, each worker at the firm guits with an

exngenous probability (1-¥), Q<¥<1l, each pericd. This probabili

p_.
-
-+
-
u

independent over time and across workers, 14 the firm has one worker it will
be faced by the prospect of the job being uncccupied at some random date inm
the future, In this rase, as before, the simplest strategy for the firm tc
follow 15 to search +tor a replacement worker only when the Job falis wvaczant,

Letting n be the number of workers sampled per period of search we obta:in

V1,00 = m + Brvil,0) + BOI-¥IV0,n) (3.1



Vio,n) = —cn - k o+ Acl-pTivier, o + gptvin,m) (3.

a2
—

n

Sclving (3.1) for Y{1,0) and substituting into (Z.Z) shows the firm‘s prcohlen

to be

Max Yid,n) = ——mmmm e (T, 3

n (1-8) (1+8-pY-p"f)

i

his problem i35 concave and yields a unigue maximizing value of n, a%. It ca

e
o

readily be shown that n* is nondecreasing in n and k and nonincreasing in C.

qui

14 the firm focllows the strategy above, then whenever an incumbent

-t

n

1t will have the job empty for at least one oericd. FRecalling the previous
csection it is natural to ask whether this strategy can be dominated by one in

which the firm hires & replacement in anticipation of a guit, i.e. carriez an

oy
b8
[l
-
]
-
un

. b :
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However, unlike the p-evious section there i now an
alternative to thie route, HRather than hiring workers to put in inventory the
tirm might choose to esarch for a replacement worker but only hire one if the
incumbent guits., Thic strategy could not have beern optimal in the set-up of
the previcus section because the date of the guit was known in advance and sz
the firm krnew in advarce that it either would or would not hire a suitable

worker 14 one was fournd., Given this kpnowledie it would only s knew

i)
w
-
al
o
-
-+
-
-+

1t would in fact hire that pericod.
In grder for the strategy of searching for a replacement worker in all

periods but hiring only when the incumbent quits to be optimal, it must be the

™

ase that deviating fcr one period from the stratecy of only searching when

o+
o
m

jeb 1s vacaent and sampling one worker while the job i1s occupied will raise
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the firm’s discounted expected profits. Denote the eupected profite from such
a deviation by Vd.
d

V8 = —c b m o+ BLL-1-NpIVIL, 0 + BUL-NIpVie,n®) (3.4)

Using {(Z.1) we see that

—
-
1
X
—
—
1
-
—
—
|
o
™~
-
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i
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o
[o—)
'
M
il
.
n

is necessary for searching while the job is occupied to be optimal. HNote that
for any hiring to be profitable V(1,00 » Vit,n*). @s one would expect, the
lower is the probability that the incumbent will quit, {(1-¥}, the lees likely
1t 15 that the firm will find it optimal fto search when the job iz occupied.
Conversely, the higher 1s w or k, the higher is [¥{1,0}-¥{0G,n"}] and so the
higher is the cost of having the ioh empty. This wakes (3.5} more likely to
be fulfilied and so makes it more likely thet the strategy of searching but

not hiring while the job is filled will be cptimal.

I
=]
T

-+
o
=
r

—

I{ we assume that {(3.3) i1s fultilled and denocte the 4irm’s
choice of sample sizes when the job is empty or occupied by n* and s

respectively, the foliowing propositions can be shown (See fppendix 2 for the

proofi,

Fropositicrn Z

The optimal sampie cize when the icb is empty is greater than or egual to
the optimal sample size when the job is occupied, n¥:s*

5 s

s .

Froposition 3

The cptimal samplie size when the job is vacant is swmaller for a given
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tfirm if it searches when the job is occupied than if it does not, p*in®.

The first of these propositions is unsurprizing. The marginal benefit of
increasing the sample size when the job ic cccupied is discounted by the
probability that the job will become vacant neuxt period and is thus lower than
the marginal benefit when the job is vacant. As the marginal cost of search
1s the same in both cases cne would euwpect the optimal level of search to be
lowsr when the job is cccupied. Indeed, the only reason why the ineguality in

Fro

O

"
-

position 2 is weak rather than strong is the integesr nature of n.

The secocnd proposition is more surprising because one might think that
the cheice of intensity of search when the job was empty would be independent
of the intensity of search when the ijob was occupied. However, searching when

the Job 12 occupied lowers the value of having the job occupied by causing the

i

firm to incur search costs., Thus setting s*:0 lowers the marginal benefit

-
-~
")
g
-
o
™
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m
[0}
i
.
o

g the sample size when the job is empty and sc lowers the

rtimal sample size in that 5tate.8

One could cbiect that the strategy of cearching but not kiring when the

'

by one which invelved

%]
or
m
jm 8
o
A
o
s §
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e
o)

job is pcrcupied is that it will alwa

o

hoarding a worker., This is not the case. w does not enter condition (3.5
but 1f w is large enough the firm will find it prohibitive to hoard a worker.
While moving to stochastic quits opens up a new, potentially optimal,

FEREEFEAE AT RS

g

This strategy of searching but not hiring wher the job is occupied has
implications for the interpretation of vacanzy statistics. A firm following
this strategy would advertize a vacancy, i.e. search for a suitable worker,
even when with probability ¥ it would not hire a succsessful candidate. This
suggests that taking the number of vacanciec advertized as a measure of the
number of workers demanded at the advertized wage may overestimate the number
of jobs actually available. However, if the sample size ic correlated with
the number cr size of job advertizements then changes in the latter will be
positively correlated with changes in the number of jobe available.



search strategy it also opens up the possibility of new optimal hoarding
strategies. In the model of the previous section because hoarded workers
never quit it never paid tc hire more than one replacement worker. Here,
because of the randomness of the guits, it may be optimal te hoard more than

cne worker. Certainly if w were zero then it would be optimal to hire gvery

csuitable worker found while searching irrecpective of the number of workers
already employed., MWith w30 the firm will have a maximum number of workers it

will be willing to employ at any time but that number could be cansiderably
greater than twc especially if the probability of quitting were high.
Untartunately, analysing the optimal hoardirg strategy is computationally
difficult because of the combinatorial euxpressions that must be evaluated in
order to find the probability distribution cver the labor force given any

particular search and hiring strategy. However, as we shall cee in the next

section, this does not pose a problem for our analysis of search firms.

4; SEARCH FIRMS
There are two wavs of medeling intermediaries. One is to scsume that

they have some comparative advantage in search compared with the firms, The
alternative taken in this paper is to find some gains from trade between the
tirms and postulate that the intermediaries arise to facilitate thic trade. To
this end we ascsume that the intermediaries, whom we call search firms, sample
workers at random and have the same testing costs as the firms.

The role of search firms in the market can either be viewed as providing
a market in which firms can trade tested WDFKEFSQ or as the provision of

FEFXEEREXAEERH
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In practice, the workers with which search firms deal are profescional and
managerial.
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insurance against sampling variance. To understand thic role censider an
industry in which all firms find the same subset of workers to be suitable,
Within the industry each firm is identical to that of the previous section
and, in the absense of search firms, each finds it optimal to search ¢or
workers only when there is a vacancy and to choose a sample size of two. Each
individual firm faces a sampling risk because with probability p2 it will not
find a suitable worker. However, if there are a continuum of such firms with
positive measure u, then we know that with probability one 2{i-p)ly suitable
workers will be found. Thus the sampling rizk is perftectly diversifiahle in

the sense that if each firm took a sample size (1-p)_1 then in aggregate the

[

number of suitable workers found would equal in probability the number of

available. A search firm can sell ceontracts to provide a suitable worker with

a

' workers and fulfill it

probability one to each firm and then cample uil-pi~
contracts,

At first cne might suspect that because the firms are risk neutral the
provision of such insurance by search firms might not be strictly more

fici

el

e

1y

nt than letting each firm search in isclation. However, thic not the
cace. In the example above, each firm will find two suitable workere with
probability (1—p)E but will hire only ene, chosen at random, the other being
returned to the pool. Thic means that the information that the firm hac
gained, at a cost, abouot the worker who is returned to the poel is, from the
social point of view, wasted. It is this waste of information concerning the
suitability of the worker returned toc the pool that can be avoided by the ucse
of the search firm. This efficiency gain ensures that an equilibrium with
search firme will be strictly more efficient thar cne without search firms.

In addition to the efficiency gain described ahove, there is a second

gain due to the timing of the search. Again this efficiency gain can he
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attributed to the provision of insurance or the conservation of information.
In the example above the firms chose to search for workers only after a3
vacancy had arisen. However, let the meacure of all firms in the industry be
ane. Then in any period exactly 1-Y of the firms will suffer the losc cf a
worker., Thus, in aggregate there i¢ no uncertainty about the number of
vacancies each period and we are, in a sense, back in the situation studied in
Section 2. A search +irm could offer a contract to a set of firms with
positive measure, By that promised to provide & suitable worker in the pericd
atter the vacancy occured thereby removing the one pericd of lost profits that
would otherwise accompany the lcss of an incumbent worker., The search firm
would know that exactly u1(1~f) workers would be demanded by i1te rustomers
each period and so could sample ul(l—f)/(l—pl workers each pericd and deliver
them at the time of the vacancy. Any lost grofite are a social as well as
private loss in this industry, and so this contract will, in a competitve
eguilibrivm, dominate one that provides a worker one periond after the

incumbent guit.

10
jR¥

5o ftar i1t hac been tacitly assumed that in a competitive equilibrium
the firms would choose fto fully insure themselves with the search firms
againet lost profits., This is in +act the case as stated in the following

proposition,

Froposition 4

In a competitive equilibrium the firme of the previous section will contract
with a search firm for a suitable worker to be delivered at the time the
incumbent guits,

Froot: GSee Appendix 3.

FEFAEFXRERA AN ERF

By competitive equilibrium we mean that the eearch firms earn zero profits.
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We turn next to the observable impacts of the introduction of search

firms into the labor market.

St THE EFFECT OF SEARCH FIRMS ON STEADY STATE VACANCIES AND WAGES

In this section we embed the analyzis of the previous sectiens in a

steady state model of the labor market. This enables us to ancswer guestions

about the effect of search firms on labor market variables notably

ta
—~+
m

[w'
]
[Ee)
=
m

nf "tightness" in the labor marke! as meacur=d by the vacancy rate and the

wage rate. With regard to the latter, it is occassionally suggested that the

sdvent of search firms has driven up wage rates. Cur model will enahle us to

see whether such an effect ig possible.

je dez]l first with the s

-+
m
w
[
i
n
-+
[42]

te prior toc the advent of search firms
. . . i .
Let the number of suitable workers entering the market Y each periocd be an

-

exggenously given constant T30, Denote bv E and

1

V, repectively, the number
workers emploved in the industry and the number of vacancies, i.e. unfillied

ioh

ut

. We assume that the costs of search are such that the aptimal sampl

m

size for & firm to take if it is searching ic cre and that it will onlv sgar
when its job is vacant.ld Thus the number of vacancies in any pericd t is

given by

Ve o= (1-1NE

' +pYy (5.1)

t-1

FREFEFFEERFEH S
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Recall that suitability refers to match guality and sc the workers who are
¥quitable in this market will be suitabke in some other market.

“ This is not restrictive. A1l that ic required 1& that some search take
place.
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At the steady state, Vt=V =v5 and (1-¥)E°=T. Using this and (5.1) shows

t-1

that the steady state values of employment, ES, vacancies and jobs, J% are

VE=T/(1-p),  ESsT/(1-7), J5=E4vS=T(Z-v-p)/(1-p) (1-¥) (5.2

If we define the vacancy rate as vEVS/JS, then

v o= (1-7)/{Z-p-7} (5.3

Now consider the market after the entry of a competitive search firm

industry. In this cace each job is filled at the inctant the vaCancy ocCours

o
oy
[ 8
n
o

the number of jobs and the level of employment coincide. Deroting the

/ state values of the variables by a superscript o, we find that,

U]
o+
m
I
ju
~

Vo= (1-1ES=T, ES=T/it-vy, JF=EC (5.4)

This i1mplies that
vE o= (1-v) {5.5)
Thu

we see that the introduction of search firme lszaves the steady state

in

level of employment unaltered but reduces both the number of vacancies and the
number of jobs. Because these two latter effects tend to be off-setting, the
direction in which the vacancy rate moves is ambiguous. If (p+¥):1, then the
vacancy rate will fall but if, as seems more reasanable, (p+r)<{1, then the
vacancy rate will rise. These recsults are summarized in the following

proposition.
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Froposition &§

Let the cost of search be such that in the market without search firme
employers find it optimal to search tor a new worker after a vacancy has

occurred and to use & sample size of one. If a competitve search industry
enters this market steady state employment is unaffected, the steady state
level of jobs and vacancies will tall and the steady state varancy rate will

rise or fall according to (p+y)<1l or {p+¥)sl,

The economics of this is as tollows., Competition among firms for lzbor
means that, at the original number of jobs, wages were just filgh enough to
Ehsure zero expected profits for the firms. In that situation, if esach firm
that had a vacancy contracted with a search firm for immediate delivery of a
replacement worker there would not be encugh new suitahle workers top catisfy

the demand. Wages would, therefore, be driven up, profit

in

take place. This would continue until a point was reached at which the firm
in the industry were garning zerc expected profits and the supply and demand

for new workers was ecual. The impact of this process ic summarized in the

Freposition &

Moving from a steady state equilibrium in which there are no search fir
to one in which there iz 3 competitive search industry will raise steady sta

eguilibrium wages.
Froct:

Let ¥°(0) and Y7(1) denote the steady state equilibrium values gf havin
bne and zerc workers, respectively, when there was no search firms. Th
steady state probabilities of bein in these states are =)/ (2~p-Y) an

(1-pi/{Z-p-7) and are genoted by p2° and (l—ps) respectively, In this
equilibrium wages will be just high enough that

i

d

22VE0) 4 (1-p%)vS(1) = g

In the steady state with search firms, the steady state probability that the

<
=3

=

n

r+
m

)

down and euxit would

Incumbent will quit at the end of 8 period 15 (1-¥) and that he will not is 7.
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In either case the job is never left vacant. Thus the value of a firm, VC, in
this egquilibrium is

T+ AVE - (1-0)Be/ (1-p) ar,

<<
m
1]

<
m
1

w/{1-8) - (1-¥)fc/(1-8) (1-p)
By using (2.1) and (2.2} for the case where n=! we obtain
w{i-ph) (k4c) (1-0) 4
(1=8) Li+3-7Y@-pR) (1-BY (L+B-YE-pBi
Given that VSfO)fVS(l), this implies that at any given wage rate expecte
profits are higher with than without the search firms and so in fbe cte
R

state containing the search firms wages must be higher in order {for
profits to be zero.

d
dy
C

agy
ecte

Cl

These two propositions show that the complaints of firms about the impact
of search firms on labor market "tightness® may have some chservational
tfoundation. The model predicts that wages will rise after the advent of
search firme and that if (p+¥)<1, which seens reasaonable, the vacancy rate
will rise. However, these impacts should nct be taken as indicating that
welftare falls after ssarch firms enter the market. On the contrary, the
rezsan why wages rise is becauce the increacse in allarative efficiency caused
by the search firms is imputed back to the factor supplied inelastically,

which in our case is the s=t of suitable workers.

6: CONCLUSIONS

This paper has shown that in a labor market characterized by incomplete
information, labor market intermediaries can increase efficiency despite being
nc more adept at searching for workers than the emplovers, They raice

efficiency because they enable the sampling variance that each firm would face
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2
when searching to be diversified over a large number of firms. This means, in
turn, that valuable jobs are not left vacant for want of a suitable worker.
Thie gain in efficiency shows up in an increase in the steady state
equilibrium wage paid to suitable workers and fewer vacant jobs. 1In this
sense the labor market intermediaries make the labaor market “tightsr",

Some aspecte of the behavior of actual search firmz have not been

ctaptured in this model. Ferhaps the most important of these is the role of

,...
[}
-y
Il
o
=
W

search firms in reallocating workers acress employers. Ik the mode

paper such reallocation does not occur because the match between the worker

I

and the firm is revealed accurately by the testing procedure. 0ne extencion
of the model would be to make testing imprecise and embed the search firms in
a more complete matching and turnover model.

Finally, although our analysis has been cast in terms of the labor market
and labor market intermediaries it ic cof more gereral interest. @n
alternative example is the role of realtors in filling vacant apartments,

Tre

T

ting the number of apartments ac fixed the model predicts that the advent
of realtors in the terant-landlord market in 2 city would raise rents, reduce
the number of renters coming to the city to look for housing and, probably,

lowsr the vacancy rate.
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Existence of a unique maximum for (2,3)

From (2.3) we have VIO, %n x (<) 9 iff,

Ttk () € === (81,10
P
-8p'lnp
The r.h.s. of (A1.1) has a derivative with respect to n of ci(f - Bp”)fﬁpn o0

and the limit of the r.h.s. ig o, Thue (Al.1) is saticfied with equality at

. { : .
most once at a value of n denocted by n°. lIgnoring the integer nature of n

{0 L e . , . . .
then n” meximizes (7.3). To incure that the optimal integer n iz greater than

or equal to one we require VIO, 1) > V0,00 or

Ttk ci{l-R i -p B

Effecis of v,k and w on (2.8

BVAlr = 8Vil) o= 03 Vg o= g
¢k 3w 47 1-58
(D) -1 BV 0D oy pit-p™ v
————— Z e ———— H ————— = )1 e D e
1! 1—Hpn dw &n 1~ﬁpn 2
Define D = [V(1)-V{d11, then
3D 1 D 3D V(1) gei-p™ 1
—_ T e———— H - = (¢ 3 At — N I TP ] R
; - ; -
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Dividing the lefthand side of (Z.B) by f{1l-p) we see that the partial
derivatives of the resulting expression are,

The partial derivative ot the lefthand side of (2.8) with respect to p is

SAIVOLI =V 0N ] ¢ Almeb+w) - (1-piavio) (E1.Z)
3
(1-8V4i)Y + k + con T+ k + cn
[VILI=VI0)] = ———mmmmm e 2 e (A1.3:
t-pp" 1-fp"
3vior - (t-p"ginp"  avin) ¢ np" el -cn-kt (1-pM AV D)
ip (1-p"H -
n-1i
-np Alm + k +cnl

R e i} fﬁi,d\

Substituting A1.3% and A1.4 into ALl.Z we see that the sign of AL.Z 18 the

1]
w
=
]

1

El-pnﬁ);[n+k+w] - ii—pnﬁ){n+k+cn] + npn- {1-p)La+k+end .

I+ w ics suftficiently greater than cn, then the above eupression 1s positive,

Proof of Proposition |

For convenience we rewrite (2.4) here,

Vo flys_) = om o= cs 4 AVAD) - pSTlRIVIN) =V i0r] (A1.5)
T t-
Note that V__(Z) = V(i) + I by oot (A1, 6

t=1



and that V_ ., (1,s_ 1 Vo ths_ (A1.7)

Consider now the choice of S

e

Voollys_ o0 = 1 - cs o 4 AVIL) - pS-28IVi1)-V(0)]

-~ e S

+ ps_z‘e[w + 7 o+ ‘::] (p[l.B)

Let §_y maximize (A1.5) and 2_7 maximize (A1.B). The additicnal posit

tifth term an the right of {RL.B) ensures that = s _ i4 S Were continu
_1 ]

s

However, because s ic discrete

S_, 55 - {(R1.9)
-1z7-z
Now consider an arbitrary period T-r, r:!. Then
f_{l.s_ ) = 1 - & + AV - ps“rﬂfkfi)—“iﬁ)l
-r ~-r -
"l
(=2 ar o . \
top rﬁ[u: W o+ k—r+1'1’5-r+i)

1s decreasing in the last term in (A1.10)

un

The maximizing value of

-r
term, by (Al.4) and (AL.7), is strictly decreasing in r. Thus, by ind

S_, is weakly decreasing in r, trl,

Finzlly, note that V_r(l,s ) has a finite limit az t40. Dencte this

Y Then,

-
-
=
-
s
or

~

o



Vg = 1 = cs + (1-p5)gim-w)/(1-) +peBy (A1.11)

{0 - s + (1-p®)BCm-w) 7 (1-$13/ (1-p%p) (A1.12)

[=]
i
-
<
1

We wish to show that the value of ¢ that maximizes (A1.12) is zero. fiscume
the contrary and consider deviating from this policy by not sampling workers
tar one perisd. Denote the value of this alternative policy by Vd'

Vd =omok AV (R1.13)

Subracting (A1.12} from (A1.13) yields the following eupreszsion divided by

R 2P

I-p%3),

) 5 . e e e ) [ .
l-p fiw -{i-f)m + (1-Alre - (1-p7 YA im-w)

or,

L
-3

AUI-B){1-p7)m + (i-B)ice + w(l-p5>ﬁ royoall ex¢

Thus, by contradiction, we have shown that in the limit the optimal s must be
ZBro. HRs s 1s an integer this implies that fo- some finite value of 7 the
optimal s must be zero.

rily

AFFENDIX 2
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In order to prove Propositions 2 and 2 it is helpful to develop two
inequalities. Let the value to the firm of having a worker and searching with

4 sample size s be V(l,s) and the value of not having a worker and searching

with a sample size n be Vit,n). We normalize n=1. Then

VIlys) = 1 - sco +¥aVIL, ) + (1-71p%aV(0,n) + (1=7) (1-p%) gV L, s) (A2.1)

VIO,ni -k - ng + (l-pn)ﬁV(1,s) + pnBV£0,n) (RE.Z)

The usual manipulations lead to

(1-86™) (1-sc) -~ FC1-Y)pSinc+k) AlL,e)
VI, 8) & mmmm e R . (2.7
(1= 01-8p"+p11-11p%] Bil,s) (1-#)
Ail-p") (i-sc) - (1-8) (cn+k) - BUL-Yip®tnc+k) ALO, M)
B st S E o
(1-fr01-Bp"+8(1-11p=1 B(O,n) (1-4)
(AZ.4)
For it to be cptimal to raise = 4ranm any giver level then, provided Vil,shrir,
LA, s+1V-ACL,8) 3B (1,8) ; [B(l,s+1)-E{1,5)14(1,5) (GZ.5)

Analogously, for it tag he optimal to raise n it ig necessary that

LAato,n+1)-A(O,nYIB(O,N) s [BO,n+ 1) -B(O,n) TR (0O,n) (AZ.6)

Computing the relevant differences shows,



All,s+1)-A(L,s)

H

AL N+l =A(0,n) =

Bil,s+1)-R(1,5) =

Ei0,n+l)-F{0,n) =

Substituting these e

gp"

{pressions into (RZ.5)

-(i-ppMc + BUI-¥) (1-p) (nc+k)p®

(t=sc) t1-p) - [(I-PI+AU1-71pS1c

~fL-1) (i-poph

Bit-pyp"

and

be optimal to raise 5,

$ b
NG s - - - - 4+
i c

For it to be aptimal

1 k

1]

wt

C C

Froof of Froposition

Bil-¥)t1-pip*

——— 4
1-2

to raise n we need

i 1-gt1-yip®

~
“

We prove this propecsition by showing

s=n, then it

and set n=g,

Then for it tgo he optimal to lower or leave s

1s optimal to

Let the RHS of

e

(weakly! lawer

(RZ.7) and (AZ.

{(RZ. &)

the same ﬁ—B;O.

we find that for

R
(62,71

8) be, respectively, A and

A-B 1%

B

o

that at any optimal value of n if

Let (AZ.8) hold with equality



vy 1-gp" 1-g{1-7)p
S which takes the sign of
t-p Ali-7)(t-p)p" Bll-p)p

r-apHa - ptLeyy = rri-vBp" 10

1

AFPFENDIX 2

Froot of Froposition A

In a competitive equilibrium each search firm must earn zero profits. The
search firms sell contracts of the form (8,3) where 8 15 the probability that
the cearch firm will provide a worker in the current pericd and g ic the price
of the contract. HNote that the cost to the search firm of providing a worker
with probability & is independent of whether the employer has 2 vacancy cr
net., This means that employers, 14 they choose to use a search firm at all
will alwayve contract JYor probable delivery cof a replacement at the time the

encumbent guits., Zero profits for the searcn firms require that

—

g = fc/(i-p) (A3,

We procede by contradiction., Let the employer have optimally chosen a level

ot 8’ in the interval (0,1) and denote this level by 8, This gives

V(K,GQF =1+ YHV(X,GO) o=V U-g ) BV (1-))6“B¢(1,90) - cf,/ (l-pl



g
By the assumption of the optimality of 8, we know that V(l,eo) ig greater than
the alternative strategy of deviating from 6, and choosing 6’ = 0 in one
period. The value of this alternative strategy is
VIL,0) = w + JAVL, 6,0 + (1-F)pViD)

and

¥il,6,) - ¥{L,0) = ﬂl—Y}GOBV(i,Gﬁ) - =N E AV - =16 o/ (l-p) 2 0

BV(l,GQ) - BVLL) - o/ ll-py 2 D

Now consider choosing 67 = 1 for one pericd. This would vield

VL, 10 = m o+ BVGL,8,) - (1-¥)c/ilep)

and gives

ViL,8.) - V(1,1)

o (i—Y)EV(i,&Q} - (1—Y)(1—80)5Ut0) - (1—7)(1-90)cf(1—p) o0
which contradicts the optimality of 6”. This shows that the optimal value for
€' is either zero or one and it is trivial to show that €'=! dominates 6°=0
provided 1t is optimel to search when there is a vacancy.
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