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Abstract

This is a modgl of search for jab op;nings with competition among
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ussd to incresase sach worker's welfare.




S2arch, Applications and Vacancies

Steve Starn

Yales Univarsity and University of Virginia

Abstract

This is a modsl of saarch for job opemings with competition among
worksars. A partial squilibrium is describsd in terms of an squilibriom
search intsnsity and squilibrium probability of finding no job. The
squilibrium is Parsto inefficient when only ths welfars of workars is
considersd. An unsubsidized unemployment insurance program can bs
usad to incr2ase sach worker'’s walfare.

Saction 1: Introduction

Ovar ths last fow ye2ars the 2fficisncy of scarch squilibria has been
examinsd by a number of authors. 1In a s2riess of papers, Diamond [(1981),
(19822a), (1982b), (1984)] has looked at this issusz in dspth. Diamond (1981)
shows that in a markst with a distribution of match.spscific mobility costs, an
unsmploymsnt insurancs program can improve the 3x ante wszlfars of all worksrs
by inducing sach of thsm to forsgo opportunities with high mobility costs.
Diamond (1982b) shows that in a markst with no compstition among agsnts, thsra

are multiples squilibria, all of which ars Parsto insfficient. The in:fficicncy
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occurs because no agent intsrnalizes the value of his increased search activity
to other secarchers. Diamond and Maskin (1979), (1981), and Mortensen (1981),
(1982a) (iéSZb) show in matching models that the characteristics of the
inefficisncies in equilibrium depend upon ths search technology. With the
exception &f Mortensen (1981), (1982a) none of these models allows for
contemporaneous competition among seatchers.1

Wilde (1977) has dsvslopsd a modsl where ths equilibrium price
distribution is determined by the level of search intensity of consumers. When
sach consumer increases his intensity, all sellers lower their brices. This
implies that the equilibrium search intensity is Pareto ingfficient if only the
welfare of consumers is considersd; csach consumer's welfare would increase if
all consumers searched a little hardsr. Wilde's ;esults depend crucially upon
8 lack of compestition among.éonsumets for the goods besing sold. [Ses Stern
(1985), Chapter IV for a further discussionl.

Most labor markets ars characterizsd by some degree of competition for
a small number of job openings. This is especially true when the unemployment
rate is high or there is a particularly attractive jobIOpening. Firms may
limit the number of job openings because of diminishing returns to scale in
production and lags in the hiring proésss. {Ses Stern (1985), Chapter IV for a
further discussion]. If the number of job openings is small relative to the

number of worksrs searching for thoses openings, then the competition among the

l Matching problems without externalities have been examined as well.
Jovanovic (1979) has examinsd markets whsre the productivity of a particular
match is unknown ex ante. Crawford and Knmoer (1981) have examined markets

whare the productivity of all possible matchss is known ex ante,




workers will be a crucial aspect of the sconomic saviromment of the workers.2

The rivalry literatare [ses for example Kamien and Schwarz (1972),
Loury (1979), Morténson (1981) (1982a), (1982b), and Wright (1983)] has shown
that when there is a common goal that a number of ageats are striving to
achieve, and when all of the benefits of achieving that goal go only to the
first agent who is succsssful, then there is excessive rivalry among the
agents. Each agent must choose an intensity with which to strive for the goal
given the intensity of other agents. Marginal units of intensity are costly.
An eiternality results because each agent ignores the effect his intensity has
on the other agents’ probability of achieving the goal first. The rivalry
problem has been used mostly to examine the markst for research and
devslopment.

This paper examines a generalized rivalry problem in the labor market.
It employs a simple labor supply model as a framework to.analyze labor markets
characterized by search with competition among searchers. First, the labor
markst procsss for new birss is.described. The searching workasr's
opportunities are dstermined by the market parameter which is the probability
that an application will not gemerate a job offer. The modesl is clossd by
determining the value of the market parameter given the search strategy that
sach worker individually follows. Thsre exists a noantrivial equilibrium, and
it i§ Pareto inefficient when only the welfare of the workers is considered.

To get rid of the inefficiency, a feasible, Pareto-improving govarament policy

2 Lucas and Prescott (1974) present an equilibrium search model with
competition. Howsver, the compstition only affects the equilibrium wage

because markets clear each period.
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using taxes and unemployment insurance is introducsd. This is dons for an
sconomy with search unemployment in both a static and a stsady state dynamic

framework.

Section 2: The Market Mechapism

There are B firms, each of which costlessly advertises n vacancies in
the local want éds every period. A period is the length of time it takes for a
firm to list an ad, receive applications, make offers, receive replies and hire
those who accept. No deceptive advertising is allowed. There are also N
identical nnamfloyed workers every period who_costiessly'@ook through the want
ads and determine the number of firms, m, to which they should appl}. Ths cost
of applying to m firms is C(m). This represents transportation costs, time
costs, and any dirsct costs of informing firms of one’s intersst in a job. It
is assumed that C(0) = O.VC'(m) >0, C'"'(m) > 0 and C(B) is very large
relative to the bensfits of getting a job.

Each worker applies to firms without knowing exactly what other workers
will do.3 However, he knows or can derive the distribution fuaction of the
number of applicants at each firm. Once a firm has reccived applications for a
period, if it receives at least n applications, it randomly offers n applicants
jobs at a wage of w. If it receives fewsr than n applications, it offers all
applicants jobs at the same wagé° Firms are not allowed to have waiting lists.

A worker will accept any offer made to him unlsss he rsceives mors than one

3Fotma11y, this assumption means that asymmetric equilibria are ruled
- out since they requirs coordination among worksrs. A worker cannot announce
where he plans to apply or discuss his decision with other workers. Thersfors,

workers must play symmetric roles at equilibrium.
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offer in the same period. Then, since all offsrs have the sams valus, the
worker randomly selects one of the offers. Once he has accepted an offer from
a firm, he works for that firm forever rsceiving a wage w oncs a period. He
receives an unemployment insurance payment (UI payment), uw, once a period until
he finds a job. It is assumsd that u is less than w.

It is assumed that the equilibrium is a symmetric Nash squilibrium
(which is sometimes callsd a ’supply side equilibrium’ since ail choices in the
modei are made by the suppliers of labor, i.s. the workers). This means that
sach unemployed wofker treats the application strategiss of ofher worksrs, and
thus ihe probabilities of receiving job offers, as given, and that at
equilibrium all workers adopt ths same strategy. A worker prafers to apply to
jobs with high probabilities of receiving offers over firms with low
probabilitiss of fecsiving offers and randomly chéoses among firms with the
same probability of recﬁiving an offer, Each worker forms expectations either
through past experience in the labor markst, through contact with othsr
workers, or by computing where the Nash squilibriom will occur.4

The probability of being offersd a job at a particular firm depends
upon how many vacancies the firm advertises and the distribution function of
the number of applicants it will receive. The explicit formula for this
probability is derived later in the paper. For now, it is only important to
rscognize that in eqqilibrium, the probability of any worker rscziving an offer
from any firm must be‘the same for all firms. If, for any one worker, there
were two firms with different probabilities of making offsrs, then the two

firms would have different probabilities for everyone. Everyone applying to

4Computation poses some problems when thers is more than one Nash

equilibrium.
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the low probability firm would have incentive to apply to the high probability
firm instead. But then the probability of receiving an offer at the low
probability firm would be wnity; it actually would be a high probability
firm, Therefore, the application strategies could not be a N;sh equilibrium,
Thus, it must be true that in equilibrium, all firms have the same ex ante
probability of offering a worker a job, and so a worker's decision is
char#ctsrized by the numb&t ofAfitms to which he applies.

Section 3: The Worker's Problem

The first step in solving the supply side equilibrium is deriving the
objective function that each unemploysd worker maximizes. As in most of the
search literature, it is assumed that a worker maximizes the sxpascted value of
search which equals the values of having a job and coﬁtinusd search, sach

weighted by the probability of being in that state, minus search costs. Let:

y = probability of not bsing offered a job at a firm to which a

worker applies.

If a worker applies to m firms, the probability of being offered at least omne
job is (1-y™). Let B be each worker's discount factor. Let V(m) equal the
valus of applying to m firms. Then:

3.1) V{m)

u - Cm) + B(1 - y™)w/(1-B) + By™V"

u - Clm) + Pw/(1-8) — y®IBw/(1-B) - BV'1

where V‘ is the value of the optimal strategy that will be followed next
period. Sincs the markst is in a steady stats, the optimal strategy will be
the same every period.

The behavior of sach worker can be derived by looking at the first

order condition for equation (3.1):
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3.2) oV(m)/dm =.—C'(m) - Y™ay[Bw/(1-B) - ﬁV‘] =0,
The second order condition is:

m 2 *
3.3) =C''(m) - v (Iny)“[Bw/(1-8) - BV 1 < O,

Since [Bw/(1-B) - BV*] is the difference in value between having a job and not
having a job, it must be positive; otherwise there wdnld be no search, Thus,
the assumption that C’''(m) > O implies that the second order condition holds
élobally. Thesrefore, the first order condition is a necsssary and sufficient
condition for a global maximum,

Equation (3.2) provides an implicit equation for m'. the optimal level
of applications.. The necessary conditions for positive search cﬁn bs derived
by evaluating 3V/dm at m = O:

3.4) av(0)/3m = —C'(0) - 1ny[Bw/(1-B) — BV (0)]

"~ 3.5) = ~C'(0) - B(w -~ uw)lny/(1-8) > O

since if m = O is the optimal stratsgy today, it will also bs ths optimal
strategy tomorrow. Thus, if the differsnce between w and u is high enough, v is

low enough, and C’(0) is low enough, there will be positive search.s

5 This assumes that unemployed workers receive u whether or not they
ssarch. If n.is paid to all unemployzd workers, then workers only consider the
differ;ncs between w and u in their search decision. If u is only paid to
unemployed workers who search, them the sizes of w and uw enter the sesarch

decision in a nonlinear way.
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Tt can bs shown by looking at the derivative of 3V/3m with respect to

exogenous variables what the comparativs statics for the worksrs ars:

6 7

3.6) am*/38 > 0, am /3w > 0, am /du < 0,° am*/3c’ < o0,
and am‘/ay has the opposite sign of (m‘lny + 1), If w rises, then the
difference iﬁ value between working and searching increases. This causes the
worker to search more. If B rises, then the worker discounts the fauture Iess
»heavily. causing the value of the wage stream to rise mors than the application
costs. Thus, the number of applications rises., Similarly, higher marginal
search costs cause the worker to apply less. Finally, if y rises, then ;he
incremental probability of getting a job by searching a little harder.is
“Ym-l(mlny + 1) which can be sither negative or positive.

To be mors precise, m should be sither an integer or a repreéentation
of a mixed strategy, and the first order analysis should be adjusted
accordingly. However, as long as m > 1, the continuous approximation to the

problem provides much insight with little loss of accuracy.

Section 4: Probability of Rejection

The only open parameter left to determine is y, the probability of the

worker not receiving an offer at a firm to which he applied. It is easier to

6 u is really the UI payment to be received the next period which
incrsases V*. The UI payment received this period has no effect on m since it
is only a negative fixed cost of search.

7 This is for a case where the marginal cost of applying rises by a
constant amount for all m's. For example, if C(m) = c¢m, then C'(m) = c¢. More
precisely, if Ca(m) = ¢{(m) + am, then Co(m) = C(m) and C'a(m) = C'(m) + a. The

*
assertion is that dm /da ¢ 0.




computs y by thinking of it as:
N-1
4.1) z [Pr(not offarsd job | a + 1 applicants apply) *

a=0
Pr(a other applicaants apply)l.

If thers ars n vacanciss advertisad:
4.2) Pr(not offsrad job | a + 1 applicants apply) = max(0, 1 - n/(a + 1)),

Sincs thers ars N-1 worksrs othsr than the on: svaluating y and sach of them
appliss to m* of ths B firms:

. - N-1 -
4.3) Pr(a othsr applicants apply) = ( )(m*/B)2(1 - m'/B)N 1 2,

_ a .
t 3
This is a binomial random variable with parametzrs N-1 and m /B. Tt is assumad
*

that m is less than B and that no worksr applies to the same firm twics., It

. *
can bz shown that the sscond assumption is optimal bshavior bscausz m ¢ B

which holds by the assumption about costs. Thara2fore:

N-1 _
N-1 N-1-
$ 7=} mex(0, 1= /)0 @B - @)
a= a

Se2ction S: Equilibrium
It can bz shown that ther: sxists a Nash squilibriam to ths supply
* *
sid2. An equilibrium is charactsrizad by a pair, m and y , such that whsn th2

. *
‘probability of rs2jaction is y , 2ach workar applics tom firms, and wh2n zach

* .
worker appliss tom firms, thz probability of r2jsction is vy . Sincs
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BZV/am2 { 0 for all values of m, there ;xists a unique solution to equation
(3.2) for any given value of vy > 0 and V‘. Since V‘ is the maximum value of
V(m) for any level of y, it islstraightforward to show that V* is a continuous,
differentiable fnn;tion of f. fhus. there exists a unique solution to equation
(3.2) for any value of y. Denote this solution as m = M(y). Rewriting

equation (3.2), M(y) satisfies:
5.1)  1aC'(M(y)) - M(y)1ay = g(v)

if M(y) > 0 whers g(y) = In(-lay) + lalBw/(1-B) - BV (y)]. Otherwise, M(y) =
0. g(y) is a continuous function that is differsntiable at all valuss of y omn
the intsrval (0,11 sxcept for one point.8 The derivative, M'(y),exists for all
values of M(y) whers M(y) is positive. Thas, in equation (3.2), m can be
written as a continuous function of Y on ﬁhe half-opsa interval (0,1] that is
differentiable at all points except for ome. It can be shown that

lim M(y) = 0 as y => 0. If M(0) is defined to be zero, then M is defined and
continumous on ths closed interval [0,1]. Also, from equation (4.4), y can be
yritten as:

5.2) y' = T(a').

8 The one point is y’' where M(y’) = 0 and M(y) > O for any v < v’
To the left of this point dV‘/dy ¢ 0, and to the right of this point
dV‘/dy = 0. This occurs because negative applications are not
allowed. So if the solution to equation 5.1 is negative, then M(y) must
be defined as equal to zero. Ths point where the nonnegativity constraint

bscomes binding is not diffsrentiables, but it is still continuous.
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Let:
5.3) F(y) = T(M(y))

F(y) is the probability of not being offered a job if everyone thought that the
probability of not being offersd a job was y. If esach worker thought that the
probability of not being offered a job was y, each wounld each apply to m* =
M(y) firms, and then the actual probability of not being offsrsd a job would be
P(m‘). F(y) is continuous, and both its range and domain are the unit interval.

. *

Thus, by Brouwer’s fixed point thsorem, there exists a point y whers:
» »
5.4) Fly ) =y .

This point, 1‘. corresponds to a supply side equilibrium where m* = M(y) is the
symmetric Nash equilibrium strategy for each worker. Thus, there is at last
"one Nash squilibrium point,

The argument above only demonstrates the sxistsnce of an equilibrium.
In fact the equilibrium may be at y = 0. It can be shown that there is also at
least one nontrivial esquilibrium (0 < y < 1). This is shown for the case where
C''(m) = O although ths result holds for the more gensral case, C'’(m) ) O.

First, note that if y = 1, then workers have no incentive to apply to
any firm. But if no one applies at all, then equation (2.10) implies that F(1)
= 0. If it can be shown that lim F(y) > O as vy => 0 or that 1lim F'(y) > 1 as v
=> 0, then the result will have besn shown. Sincs F(y) is beslow y at unity,

there must be a 0 { y < 1 where F(y) = 7.
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It can be shown that lim F'(y) as y => 0. Since lim F(y) > 0 as y =>

0, this is enough for the result.g

- FIGURE 5.1 BQUILIBRIUM POINTS

1
.F(';fi!

0.73-
0.504

0.25

0 0.26 0.50 0.75 1

9 1t is very difficult to determine how many equilibria there are
since it is difficult to determine F'(y) at points other than v = 0.

If there is only one equlibrium, then it will be stable. If thers are
more than ons, thean generically every other one will be stable., Assums
that sxpectations about y are adaptive, i.e.:
5.5a) Teop = T ¥ a[F(yt) - Yt]
for some positive constant a. Then equilibria are stable if F(y)

*
intersects y from above. This occurs when (8T/3m )(3M/3y) < 1.
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Section 6: Wslfars Rasults

~ *
It has already been noted that y increases as m increases, But for

any particular worker, y is a function of all other workers’ m"s. and any
particular worker'’s m* affects all other workers’ y's. Because the cost that a
worker incurs in applying for a job includes only his search cost and no charge
for the worker’s effsct on other workers’ chances of getting a job when he
"submits extra applications, one might expect worker search at equilibrium to be
inefficiently large. Acgually. when thers is unemployment insurance, a charge
is implicitly levied for obtaining a job through the loss of unemployment
insurance benefits.

This can be looked at more formally. The first order condition for
each worker is described in equation (3.2). But this equation doss not include
a term for the effect of m* on y. On the other hand, if the workers were to
form a coalition for one period, they would consider the effect of m* on y.
Thus, the coalition’s first order condition for the maximization problem

described in equation (3.1) would be:
6.1) -C'(m) - [y"lny + m7m—1((31/7m)/(1 - (aylam)(amlay)))]‘
®
(Bw/(1-8) - BV ] =0
which can be written as:
6.2) 3V (m)/am - my™ ' ((3y/ym)/(1 - (3y/3m)(am/3y)))"
*
[Bw/(1-B) - BV ] =0

whers avI(m)/am is an individual’s first ordar condition. Since the second
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term of equation (6.2) is positive and an individual would bshave so that the
first term was 2qual to zero, the supply sids equilibrium cannot be Parsto
optimal for worksrs, taking UI payments as givean. A Pareto optimum would
require avI(m)/am > 0 which implies that the coalition’s optimal choice of m is
l2ss than equilibrium m‘. Thus, there may bs room for a social planner to
intervene in order to dscrease m.. Such interventions could be UI payments or
a tax on applications.

A social planner could maximize a representative worker's value of
search by implementing a UI bahefifs ﬁrdgtam supportad by a tax on the wages of
workers once they were employsd. Ths program could be built so that expected
discounted UL bsnefit'payﬁents to each worker would be paid for by expectad
discounted wage tax revenuss from that worker. Even though sach worker’'s net
balancs would not equal zsro, on average the program would be in discountsd
bndget'balance and the deviation from budget balance would be insignificant
relative to the size of the p?ogtam. The social planner would have to be awars
of how each worksr would react to both a UI benefit and a tax on wag;s. He
would have to maximize a reprasentative worker'’s value of search subjsct to the
reaction function of workers to his program. A social planner’s problemlwould

be Eo.solve:
6.3) max L = u -~ C(m) - tem + Bw(l-ty,)/(1 - B)
tcat'. u
~yB[Bw(1-1,)/(1-B) - BV*]

s.t. =C'(m) - tem - Y2lay[Bw(l-ty)/(1-B) - BV*]l = o

u - tem = [Bwr, (1-y2)1/(1-B)
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where T, is a tai on wagses, T, is a tax on applications, and u is a UI payment
per period. Ths first conmstraint states that cach individual maximizss his
value of search using Nash sxpectations, and the second constraint states that
expscted discounted UI payments equal expectesd discounted tax revenuss. The
tax, T, can be thought of as a steady states tax that started in the infinite
past. If, instead. it is thought of as a tax that starts at some point in
time, then those who are not searching initially should not be taxed; the
government should borrow fuands to pay for UI bensfits and use later tax
receipts to pay back the funds. 1In sithér of these ways the problem of an
initial welfare transfer is avoida@.

_It is probably infeasible to have a tax on applications. There are too
.many ways that beople actually'apply for‘jobs. and many of them ars difficult
to momitor. Thus, T, is set squal to zero.

The optimal positive wags tax, tw' and UI payment, u, would be at a
point whers the derivative of the Lagrangian for equation (6.3) with raspect to
rw and u was equal to zetg and the constraints were satisfied. The solution to
this ptoblem is too difficult to find analytically. But ig can be shown that
both-tw and u should be positive.

In sduation (6.3), substitute the government budget constraint into the

Lagrangian for u with tc = 0:
6.4) L =-C(m) + Bw/(1-8) - y™[Bw/(1-8) - BV I.

Note that since there is a balanced budget, equation (6.4) contains no tax
terms. Government intervention only affects welfare through its incentive

- effect on m. Now differentiate equation (6.4) with respect to T, &t Ty 0:
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6.5)  dL(0)/dr_ = [-C'(n) - y™ Lay(Bw/(1-8) - BV )IDm /Dt
- ™ gws(1-8) - BV'] #
((ac/am’) /(1 - (aa/am')(am‘/aa))(nm'/otw)
] t 3 -
whers Dm /Dt = Om /3t + (dm /du)(du/dT ) < O
w w w

* .
which is the total change inm at ¥ = 0 when T, is changed, and m equals
individuals’ choice of m at Ty, = 0. The first term of equation (6.5) is an
individual’s first order condition, and the second term is the effect of

* *
increases inm on ym . Since the first term squals zero:

6.6)  aL(0)/ar_ = o Y™ LW/ (1-8) - BV'] *

((3y/3m") /(1 - (ay/am*)(am‘/ay)))(nm‘/nfw)

which is positive for stable equilibria (see footnote 9). The incrsase inm L at

f' = 0 is the incremental reduction in not being offered a job by y falling a

. *
little because m falls by Dm /DT ., Thus welfare can be improved-at t, = 0 by
increasing t .

w
The government could alternately finance UI payments by a tax, tw’ on
employsd workers high enough so that u = xT_w where x is the sxpected ratio of
employsd to unemployed workers, With this kind of budget balance, it is
difficult to determine whether a positive tax is optimal since it depends upon

steady state v and x which in turn d2pend on ths tax. A sufficient
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condition for the optimal tax to be positive is x ) Bkl—ym)/(l—ﬁ).lo It is
sasy to'show that when x is relatively low and ym is relatively high (meaning
there is a high unemployment rate), the optimal tax is not nscessarily
positive,

There is an externality in a market wigh this form of UI that is not
pressnt in the first form. In this form, when a worker accepts a job, he stops
collecting UI benefits and starts paying taxes. The amount of taxes collected
directly affects how much can be paid as UI benefits and vice versa because of
the nesd for a balanced budgst; the fastsr an average worker gets a job, the
lower are t;xes and the higher ars UI benefits. Since any particular worker
ignores his 2ffect on the taxes other ;mpIOyed workers must pay and UI benefits
other wnemploysd workers can recsive, he is not searching fast enough. This
sxternality is not present in the first form of a UI program because ecach
worker’'s expectad net recsipts from the goveramsnt are individually set equal
to zero.

The first UI program analyzed in this paper only has social value
because of its disincentive effect on search. Workers receive payments of u

until they are employed, and then they pay premiums of tww forever, Ths UX

10This condition comes from each worker maximizing:

6.6a) V{m) = u - C(m) + Bw(l—tw)/(l—ﬁ)

- Y [Bw(1-7_)/(1-8) = BV(m)]
and then the planner maximizing a representative worker’s utility sabjsct to a)
sach worker maximizing his own utility using Nash expectations and b) the
budget constraint holding. Also, mote that in equation (2.26) with T, = 0,

defining x = B(1—y")/(1-B) results in u = we x.
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program has a zsro expectsd valus. Worksrs ars only ex ants bettar off with T,
> 0. Somes workers, those who find jobs quickly, may be worse off than they
would have been if T, had been zero.11 To visualize how this program fits into
the rzal world, we should think of all labor forcs participants as entering the
market without jobs and also possibly later facing the risk of a spell of

unemploymsnt.

Section 7: Steady States Dynamics

There is one other sxtsrnality which may exist but cannot sasily be
discussed within the framework of this model. When a worker searches a little
harder he impro#es his chances of getting a job. Once he gets a job, he no
longer searches. Thersfore, his seﬁrching a little hardsr has the effect of
reducing both the expected.numbgr of unemployed workers and the expected number
of vacanciss in ths next period. To the extent this affescts the next period’s
nnemployed workers’ chances of finding jobs, thers is an interperiod

extsrnality. -

111f the planner preferred ex post equality over inequality, then the
UI program would have some extra valus. In the real world, social planners
prefer equity. Since those who find jobs guickly benefit the least from the UI
program, the program promotes ex post equality. But the UI pfogram has no
effact on ex ante equality since it has an ex ants expected value of zsro.
Thus, for this effect to be of any significance, ths planner’s ex ante social
welfare functién must be an expected value of a monotone function of a strictly

concave combination of the workers’ ex post utilities.
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In order to discuss the importance of this externality with any more
precision, both N, the total number of unemploysd worksers per period, and nB,
the total number of vacancies per period, must bscome endogsnous variables.
Lst EN be the totgl. exogenous number of new entrants to the labor market sach
period and EB be the total, sxogenous number of new vacancies advertised. The

sconomy can be dsscribed by four equations:

' _ m
7.2) nBt+1 = ntht + EBt’
m _ m
7.3) Y, = -P(Nt. Bt' m, a),

MN , B, m, n)

7.4) kt ¢ B

where A is the probability that a vacancy does not get filled. For example, if

n =1 and Nt and B, are large, squations (7.3) and (7.4) are:

7.5) ‘Y‘: = [1 - (1 - 3-nt)/llt]mo
o - . m
7.6) k= 1= (N/B)(1-¢D).

whers ne = mNt/Bt‘ The steady stats levels of N and nB are:12

12Only a steady stats solution is meaningful here because m was derived
under a stsady state assumption. If the sconomy was not in a steady state,

then m would not be constant.
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7.7) N = EN/(I-ym).
nB = Ep/(1-1).

Note that equation (7.6) and (7.7) imply that steady states can only exist if

E,=E

N B This implies that the ratio, N/B, is not determined by the stoady

state equations, (7.7), alons. Instead, it can be shown that it is determinad
by the initial difference bstween N and B, by EN = EB, and by ym. Let N - nB =
A. It can be shown that:

_ _ _.m
7.8) N/nB = EN/[EN A(1-v)].

For simplicity, the case where n = 1 and Yhere N and B approach
infinity at the same rate is considsred. In this case, the namber of
applications a firm receives approaches a Poisson distribution., So y can be
"written as:

7.9) y=1-9H- (1 - e ™ 1+p))n

1 - (1 -8/

where y = mN/B. The probability of finding a job is 1-y®, Substitution of the

definition of y from equation (7.9) and differentiation results in:
7.10)  dy™/dm = y®[1lny - (u(1-y) + v)/m] < O.

Increases in m increase workers chances of getting jobs even though y rises.
The stesady state effects of a small imncrease in m on ¥ can be

determinad. First of all, when m incrzaszs holdiag the number of worksrs and
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vacancies fixsd, y increasss because of the mechanics discussad earlier A
(differentiate equation (7.9) with respect to m). But y® decreases which

dscreases the steady state lavel of N and B which has anothsr sffsct on 7:

7.11)  dy/dm = 3y/dm + [(3y/3(N/B))(3(N/B)/ay™)(3y™/om)/

(1 - (3(N/B)/ay™) (ay™/a(N/B)))1. 13

'3g/3m is positive, dy/3(N/B) is positive, and 3y"/dm is negative. Only the
sign of 9(N/B)/dy™is not determined.

If N =B, then the probability of a worker getting a job equals the
probability of a firm filliﬁg a vacancy. Any reduction in N will rgsult in a
reduction in B of the same size. Changes in ym have no effect on the ratio,
N/B; 3(N/B)/3ay™ = 0. Therefore, when N = B, when the only unsmployment is
search'nnemployment. there is no interperiod effact. All of the rsgnlts with
exogenoﬁs levels of N and B still hold. An 2conomy with only search

unemployment is not Parsto sfficient.

13This squation is derived as follows: Write y as a function of m and
N/B using equation (7.9). Writs N/B as a function of y™ using equation (7.8).

It can be shown that:
7.11a) 3(N/B)/3y™ = (E./B)(1 - N/B)/(1~¥")
which has the same sign as 1 — N/B. Also, write ym as a function of m and N/B

using equation (7.9). The result can be derived by diffsrentiating esach

squation and then using Cramer's rule to solve the set of linear squations.
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If N ¢ B, then an increase in both N and B will increase N/B, making
3(N/B)/3y™ positive. Whether the intsrperiod effect‘is negative or positive
depsnds upon whether (3y™/3(N/B))(3(N/B)/3y™) is grsater than or less than one.
If it is lsss than one, the interperiod effect is negative. In this case, it
may even be possible for dy/dm to be negative. Otherwise the interpsriod
effect is positive. If N > B, then increases in N and B decrease N/B,
increasing the size of the externmality. The cases where N > B are the most
interesting casss to consider for both theoretical and empirical réasons. In
-these cases there is room for a UI program; the greatsr is N/B, the more

beneficial is the program.

Section 8: Conclusions

A supply side equilibrium search model with no distribution of wage
offers is presented in this papsr. Workers secarch for jﬁb openings rather than'
high offers., Stzrn (1985); has empirically shown that this type of search is
more prevalent than search for high offers. The existence of competition among
workers for a limitsd number of joa openings leﬁds to an inefficiently high
amount of ssarch. Howsver; an unemployment insurance program sst up in the
proper way can induce sach worksr to choose the socially optimal search
intensity.

Many authors have discussed the effects of unemployment insurance on
the behavior of workers looking for a job. Thaoretical papers include
Morteasen (1970) and Lippmann and McCall (1979). Empirical papers include
Barron and Gilley (1979), Clark and Summers (1982), Classen (1977), Fields
(1977), Hills (1982) and Holen (1977). The overwhelming consensus is that
unemployment insurancs dscresasss scarch intsnsity and incresases thé average

spell of unemployment. The same result occurs in this paper. However,




23
contrary to most othar papers, this is found to have some positive value.

The proposed unemployment insurance program was quite different than
the 6ns that pressntly exisits in most western nations. In fact, ths system
that presently exisits wasvshoyn to possibly induce workers to decresase their
search intensity too much. In the real world, unemployment insurance has other
toles besides inducing workers to search optimally. Concerns for squity play a
major role in the design of unemployment insurance. Thus, the optimal program
must trade off equity against efficiency according to the preferences of
society.

There is no mention of the demand side of the labor market. An
analysis of the demand side is beyond the scops of this paper. Sse Stern
(1985), Chapter IV for such a discussion. However, it should be noted that
while ths proposesd unemployment insurance program improves the ex ante welfare
of sach worker, it pofentially reduces the profits of the firms in the market
or consumers buying the prqdnct being producsd by the firms. This problem is
common to the rivalry literature as well; no one has included the welfare of
the product to be producsd once R and b has been completed. A géneral

equilibrium model of search with compestition is still needed,
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