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Abstract

We study a simple search model of the labor market and use it to shed light
on issues like unemployment duration, the determinants of the
unemployment rate, and the potential effects of education
on these two variables.

Resumen

En este articulo se estudia un modelo simple de busqueda en el mercado de trabajo.
Los resultados del modelo permiten echar algo de luz sobre temas tales como la
duracion del desempleo, los determinantes de la tasa de desempleo y los
posibles efectos de la educacion sobre estas variables.



1 Introduction

In this paper we use search theory to analyze some features of the labor market,
like unemployment duration, the determinants of the unemployment rate, and
the impact of education on these variables. The importance of understanding
these phenomena does not need too much explanation. What does deserve
some explanation is why we will try to understand them by using search theory
instead of the traditional Walrasian setup. We find no better way to do this
than quoting at length from Lucas (1987):

Think, to begin with, about the Walrasian market for a vector of
commodities, including as one component ‘hours of labor services’,
that must be at the center of a competitive equilibrium model.
In this scenario, households and firms submit supply and demand
orders for labor services and other goods at various auctioneer-
determined price vectors and, when the market-clearing price vector
is found, trading is consummated at those prices. Each seller of la-
bor sells as much or as little as he pleases at these prices, each is
indifferent to the identity of the buyer(s) of the labor services he
sells, and if this spot market is repeated at later dates, there is no
reason to expect any continuity in the relationship between particu-
lar buyers and particular sellers. There is no sense in which anyone
in this scenario can be said to ‘have a job’ or to lose, seek or find a
job.

It seems clear enough that a model in which wages and hours of
employment are set in this way can, at best, shed light on the deter-
mination of these two variables. Whatever success it may enjoy on
these dimensions, it can tell us nothing about the list of labor mar-
ket phenomena that have to do with sustained employer-employee
relationships: their formation, their nature, their dissolution. [...]
[SJuch a model clearly will not provide a useful account of obser-
vations on quits, fires, lay-offs and other phenomena that explicitly
refer to aspects of the employer-employee relationship. |...]

A theory that does deal succesfully with unemployment needs to
address two quite distinct problems. One is the fact that job sepa-
rations tend to take the form of unilateral decisions - a worker quits,
or is laid off or fired - in which negotiations over wage rates play no
explicit role. The second is that workers who lose jobs, for whatever
reason, typically pass through a period of unemployment instead
of taking temporary work on the ‘spot’ labor market jobs that are
readily available in any economy. Of these, the second seems to me
much the more important: it does not ‘explain’ why someone is un-
employed to explain why he does not have a job with company X.
After all, most employed people do not have jobs with company X
either. To explain why people allocate time to a particular activity -



like unemployment - we need to know why they prefer it to all other
available activities... [...]

An analysis of unemployment as an activity was initiated by John
McCall in a paper that integrated Stigler’s ideas on the economics of
search with the sequential analysis of Wald and Bellman.['] McCall’s
contribution is well-known and justly celebrated, but I would like to
celebrate it a little more, so I need to set out some details.

We set out those details in Section 2, and show that the optimal behavior
of an unemployed worker is a reservation-wage policy. In Section 3 we derive
the expected duration of employment and unemployment spells. In Section
4 we obtain the steady-state unemployment rate. In Section 5 we carry out
some interesting comparative statics exercises that are then used in Section 6 to
inquiry about the relation between education and unemployment. In Section 7
we show how the theoretical model can be readily mapped into an econometric
model. In Section 8 we offer some concluding remarks.

2 A Simple Sequential Search Model

Consider an inifinite-horizon continuos-time model where individuals occupy,
at each instant, one of two states, employment (e) or unemployment (u). An
unemployed individual receives employment offers at rate A per unit-time in-
terval, independent of the elapsed duration of the unemployment spell.? Each
employment offer ¢ € {1,...,n} comes with an attached wage offer, w; € [0,], so
“employment offers” and “wage offers” are interchangeable expressions. Wage
offers are realizations of independent random variables W; with the same cumu-
lative distribution function F.? This distribution is known by the worker, and
constant over time. After receiving n offers the individual has to decide whether
to reject them or to accept one.* If he accepts an offer, he will choose the one
with the highest wage, w = max{wy, ..., w,}. While employed, layoffs arrive at

1See McCall (1970).

2More precisely, employment offers follow a time-homogeneous Poisson process with pa-
rameter A\. Hence, the probability of receiving n offers during time-interval h is g(n,h) =
(A—:!Lne’Ah. It follows that the probability of receiving no offers during h is q(0,h) = e M,
the probability of receiving one offer is (1, h) = Ahe™*?, and the probability of receiving more
than one offer is g(n > 2,h) = 1 — (14 Ah)e~**. Applying Mac Laurin’s formula to e~ ** we
can rewrite these probabilities as follows: q(0,h) = 1 — Ah + oo(h), q(1,h) = Ah + o1(h),
and g(n > 2,h) = o2(h), where o;(-) satisfies limp_,q Mhﬂ =0, ¢ € {0,1,2}. Notice
that, limp_,q ah) _ y and limy,_.o amz2h) _ g, Therefore, for small h, ¢(1,h) = Ah,
q(0,h) 221 — Ah, and g(n > 2,h) =2 0. Essentially, during a sufficiently short time-interval, at
most one offer is received.

It is not difficult to show that the expected number of offers received during time-interval h
is Ah. Therefore, the expected number of offers per unit-time interval is A. This makes clear
why X is called the rate of the process.

3That is, F(w) = Pr{W; < w}.

4The individual cannot decide to accept an offer that was previously rejected.




rate o per unit-time interval, independent of tenure.® If the individual rejects
the offers he remains unemployed and obtains an instantaneous net income b—c,
until an offer is accepted. The parameter b measures the value of time spent
as leisure (assumed constant over time).5 The value of time and out of pocket
costs spent searching for a job are captured by c¢. The objective of the individual
is to maximize the expected discounted lifetime income, U = E fooo e Ply(t)dt,
where [ is the expectations operator (conditional on information available at
time zero), p > 0 is the discount rate, and y(¢) is income at instant ¢ (i.e.,
y(t) = w if employed at wage w at t, and y(t) = b — c if unemployed at ).

We start with a discrete-time version of the model in which the length of
a period is h. The continuous-time version will result as we take the limit
for h converging to zero. Since the problem is recursive, we can apply Bell-
man’s principle of optimality. “Stated in words, the principle asserts that the
present decision in a sequence of decisions maximizes current net return plus
the expected future stream of returns, appropriately discounted, under the pre-
sumption that decisions in the future are made optimally where the expectation
taken is conditional on current information. In short, a multi-stage decision
problem is converted by the principle into a sequence of single-stage decision
problems” (Mortensen (1986)). Let V.(w,t,h) denote the value of being em-
ployed at time ¢, the beginning of the period that goes from ¢ to ¢ + h, earning
wage w. Ve(w,t,h) is the expected value of discounted net income from the
present moment onward, for a worker who is employed at ¢, given that he will
behave optimally in the future conditional on current information. Analogously,
let V,(t,h) be the value of unemployment.” Consider the situation of an indi-
vidual who behaves optimally and is employed at ¢t. At each instant between ¢
and ¢ + h he earns w. Therefore, total income during the current period is wh.
In this period, the worker learns whether he will be fired at ¢t + h. At time ¢, the
probability that the layoff occurs between t and t + h is ahe™". If the worker
is fired, he obtains V,,(t + h,h) (properly discounted). If he keeps the job, he
gets Ve(w,t + h,h) (properly discounted). Putting all these together we get:

Ve(w,t,h) = wh+e™?" [ahe "V, (t + h, k) + (1 — ahe ")V, (w,t + h, h)] .
(1)

Given the assumptions that b—c and w are constant, that the future sequence
of best offers is i.7.d. and the distribution F' is constant over time, the problem
is stationary. Therefore, V. (w,t,h) = Ve(w,h) and V,(t,h) = V,(h) for all t.
Substituting these into (1), rearranging conveniently, dividing by &, and letting
h go to zero, we get:

5More precisely, during time-interval h, the worker is fired with probability p(h) = ahe=*",
and remains employed with probability 1 —p(h) = 1— ahe™ " Notice that limp_,q ﬂhﬁl = a.
It follows that, for small h, p(h) = ah.

6In some applications, b can be interpreted to include unemployment insurance compensa-
tion.

"Since b — c is constant over time, we do not include it as an argument of V;,(-).
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Ve(w) Va, (2)
where we have set V. (w) = V.(w,0) and V,, = V,,(0).8
Equation (2) can be rewritten as follows:

pVa(w) = w+ alV;, — Va(w)] (3)

This expression has an intuitive asset-pricing interpretation. Consider a risk-
neutral investor with required rate of return p, who has acces to a risky asset
that pays dividends at rate w per unit time when the worker is employed and b—c
per unit time when the worker is unemployed. Since the expected present value
of lifetime dividends of this asset (including the current dividend) is the same
as the worker’s expected discounted value of lifetime income, the asset’s price
(including the current dividend) must be V.(w) when the worker is employed
and V,, when the worker is unemployed. The (net) rate of return of this asset
equals the dividend rate plus any expected capital gain or loss, all divided by
the price of the asset. When the worker is employed, the dividend rate is w
and the expected capital gain/loss is o[V, — Ve(w)]. The latter holds because
there is a probability a that the worker will be fired, which triggers a change
in the price of the asset from V,(w) to V,, (with probability 1 — « the worker
keeps the job and the price of the asset remains at V. (w)). It follows that the
rate of return of the risky asset is mw To be willingly held by a risk-
neutral investor, this return must equal the required (risk-free) rate of return p.
Therefore p = mw, which is equivalent to (3).

Imagine now the situation of an individual who behaves optimally and is
unemployed at t. At each instant between ¢ and ¢ + h he gets b — c. Therefore,
total income during the current period is (b —c)h. In this period, the individual
receives offers to start working at ¢ + h. Both the number of offers and the
wage attached to an offer are unknown at ¢. With probability ¢(0,h) = e~ he
receives no offers and remains unemployed, obtaining V,,(h).® With probability

q(n,h) = W he receives n € {1,2,...} offers and has to decide whether
to reject them or accept (the best) one. The individual rejects a known set
of offers whenever the value of being unemployed is higher than the value of
becoming employed, and accepts the best offer otherwise. Since the wage at
which the individual can start working at ¢t + h is unknown at ¢, the value of
this option is Emax{V,(X,, h), V,(h)}, where the expectation runs over X,, =

max{Wi,..., W, }.1% Putting all these together, and discounting properly, we

8Ve(w, h) and Vi, (k) are continuos, so limy,_,q Ve(w, h) = Ve(w,0) and limy,_,q Vi (h) =
Vu(0).

9We are already imposing sationarity, so we write V4, (h) instead of Vi, (t + h, h).

10T,¢t G(w,n) be the probability that the best of n offers is (weakly) smaller than w.
Since wage offers are independent realizations from F, we get: G(w,n) = Pr{X, < w} =
Pr{max{W1, .., Wy} < w} = Pr{W; < w,.., W, < w} = Pr{W; < w}..Pr{W,, < w} =
[F(w)]™



get:

e n,—Ah
Vah) = (b — )l + et | M () + 30 AT

Emax{Ve(Xn,h), Vu(h)}
(4)

Rearranging (4) conveniently, dividing by h, and letting h go to zero, we get:

b—c A
Vu = —E Ve(W), Vi }, 5
PR + Y max{ } (5)
where we have set V,(0) = V,,, V.(W,0) = V,(W), and the expectation runs
over W = X;.11
Equation (5) can be rewritten as follows:

pVi = (b— ¢) + AEmax{V,(W) — V,,0}. (6)

Like (3), equation (6) has an asset-pricing interpretation. When the worker
is unemployed, the dividend rate is b — ¢. In addition, there is a proba-
bility A that the unemployed worker will receive a wage offer w. If he ac-
cepts the offer, the price of the asset changes from V,, to Vg(w). If he re-
jects the offer, the price of the asset remains at V,,. Therefore, the expected
capital gain is AEmax{V,(W) — V,,,0}. It follows that the (net) rate of re-
turn of the asset is &= CHAEmaX{V (W)=Vu:0} - Tg be willingly held by a risk-
neutral investor, this return must equal the required (risk-free) rate p. Therefore
p == ) B mae Ve (W) Vo0 which is equivalent to (6).
Define, :

w = pV,,. (7)

Using (2) and (7) we obtain Ve(w) — Vi, = 4=2. Therefore, Ve(w) >V, if and
only if w > w. Hence, an unemployed Worker will accept a job offer if and only
if its associated wage w is higher than w. Because of this property, w is called
the reservation wage. Notice that, in this version of the model, the reservation
wage is independent of the elapsed duration of the unemployment spell.

Substituting (7) and Ve(w) — Vi, = 42 into (6) we get:

A
w—(b—c)= mEmaX{W —w,0}. (8)

Equation (6), which determines the value of w, can be rewritten as follows:'2

A

(b)) =
w—(b—2¢) P

/ " (0 — w)dF (). )

I1Recall that, when h is small, the probability of recelvmg more than one offer vanishes.
12We use: Emax{W —w,0} = fo max{w —w, 0}dF (w) = [’ [)dF(w)—i—f (w—w)dF(w) =
fw (w — w)dF (w).



The left-hand side of (9) is the marginal cost of search when the wage offer
equals w. It is the difference between what the worker would get by accepting
the offer and what he would get by rejecting and remaining unemployed. The
right-hand side is the (expected) marginal gain from search when the wage offer
equals w. It is the expected gain of finding an acceptable offer next instant,
properly discounted by taking account of the frequency with which offers arrive
and the possibility that the worker is fired after accepting the job.

We can represent the determination of w graphically. Define the functions
g(z) =z — (b—c) and h(z) = pJ%a (w — x)dF(w). Figure 1 displays these
two functions.'® The reservation wage is the value of  at which both functions
Cross.

Figure 1. Determination of the reservation wage

(%), h(x)

There is nothing in Figure 1 that prevents w from being smaller than b. This
gives the idea that an individual could accept a job that pays less than what
he would earn by not participating in the labor market.'* This is inconsistent
with a worker’s rational participation/non-participation decision. For a rational
worker to be part of the labor force as an unemployed searching worker, the
value of unemployment must be at least as large as the present value of non-
participation: V,, > %. Therefore: pV,, > b. Since w = pV,, we conclude

that the worker’s participation requires w > b. And (9) implies: w > b <
A

o

(w > b) if and only if the marginal return to search when the reservation wage

is equal to the value of leisure is higher than the out-of-pocket cost of search.
From now on, we assume this condition holds.
For future reference, we note that (9) can be rewritten as follows:!?

fbm (w—0b)dF(w) > c. That is, a rational worker participates as unemployed

131t is not difficult to show that h(0) = %%l, h(w) = 0, K/ (z) = —Ml‘:TIZ(le, and
AF! (x
W' (z) = pEr—t
4By refusing to participate the worker obtains b without paying the cost c.

5 Integrate ff(w — w)dF(w) by parts, using u = w — w and v = F(w).



w—(b—c)

w
p-&-a/w [1— F(w)]dw. (10)
It is clear from either (9) or (10) that the value of w will depend on the
distribution function F' and on the values taken by b — ¢, A, p, and a. A
nice feature of the model is that we can do comparative statics very easily.
Before doing it, however, it will be convenient to analize the determinants of
the expected duration of employment and unemployment spells, and of the
steady-state unemployment rate.

3 Expected Duration of Employment and Un-
employment Spells

Let T, denote the (random) duration of completed unemployment spells, and
let D, denote its cumulative distribution function (i.e., D, (t) = Pr{Ty, < t}).
Consider the following question: Given that the unemployment spell has already
lasted ¢ units of time, what is the probability that it will end in the next short
interval A? In other words, what is the value of Pr{T, € [t,t + h]|T, > t}?1°
It is standard in the literature to characterize this aspect of the distribution
using the hazard function, 0, (t) = limy,_0 Pr{Tue[t’?h”Tuzt} = g{ig, where
d.(t) = D.,(t) is the density function and S, (¢t) = 1 — D, (t) = Pr{T, > t} is
the so-called survival function.'” Thus, the hazard function evaluated at ¢ gives
the rate at which unemployment spells are terminated after duration ¢, given
that they have already lasted until ¢.

For the model developed in the previous section, the rate at which a worker
escapes unemployment equals the rate at which employment offers arrive mul-
tiplied by the probability that an offer is accepted. Since offers arrive at rate A
and the probability of acceptance is 1 — F(w), we get:

0, = A1 — F(w)]. (11)

Because the reservation wage is stationary, the hazard rate is independent of the
elapsed duration of the unemploymen spell. This implies that the distribution

16Using the law of conditional probabilities we get Pr{Ty, € [t,t + h]|T, > t} =
Dy (t+h)—Dy(t)
1-Dy(t) )
17The terms hazard and survival come from biostatistics, where it is standard to ask for the
probability that an individual dies during interval [¢, ¢+ h| given that it has already survived
up to t. When talking about unemployment spells, these terms ara a bit counterintuitive
because a higher probability of survival means a higher probability of remaining unemployed.



of completed unemployment spells is exponential with parameter ,,:'8

du(t) = 0,e7 01, (12)

S, (t) = e 0t (13)

With the distribution of completed unemployment spells at hand we can
calculate their expected duration. We obtain:!?

1
E{T,} = o (14)
u
We can repeat the calculations for employment spells. Letting 7, denote
the duration of completed employment spells, and using analogous notation, we
obtain:

0. = a, (15)
de(t) = ae™ ™, (16)
Se(t) = e, (17)
and
1
E{T.} = ~ (18)

4 Unemployment Rate

Consider an economy populated by a continuum of mass L of ex ante identical
workers. A constant labor force is consistent with our two-state model in which
individuals always participate in the labor market. Let E(t) and U(t) be the
mass of employed and unemployed individuals at time ¢, respectively. It follows
that E(t) + U(t) = L for all t. We want to calculate the instantaneous change

18Recall that 0y (1) = }%&% and notice that gz((j_% = —dln;ﬁ‘(ﬂ for all 7 > 0. Then

0u(T) = —%l for all 7 > 0. Integrating between 0 and ¢ we get In Sy, (¢t) = — fg O (T)dT.
Therefore Sy (t) = e~ I§ Bu(rydr This, togheter with dy(t) = 04(t)Su(t), implies dy(t) =
Ou(t)e™ J§ 6u(™)dT  \When the hazard rate is independent of the elapsed duration we have
fot 0y (T)dT = fot Oudr = 0,t. Hence, (12) and (13) follow.

YWe have B{Tu} = [;° tdu(t)dt = [5° tOue~%utdt. Integrating by parts using u = ¢ and
v = —0ye %t we obtain (14). A similar procedure can be used to show that the variance of
Ty is Var{Ty,} = 515



in the number of unemployed individuals, %U (t). At each instant, the fraction
of workers that become unemployed equals the hazard rate for employment, 6.
Similarly, the fraction of workers that become employed equals the hazard rate

for unemployment, 6,,. Therefore:

d

EU(t) =0.E(t) — 0,U(¢). (19)
Let u = % be the steady-state unemployment rate, where U is the constant

mass of unemployed workers. Imposing % U (¢) = 01in (19), and using E = L—U,

we obtain:

_ 0. a
0. ot NI-F@)’ (20)

where the second equality follows from (11) and (15). This expression shows
that the steady-state unemployment rate increases with the job-separation rate
and decreases with the job-finding rate.

1
We can rewrite (20) as follows: T = —21. Combining this with (14) and

T
(18) we get:

E{T.}

U= BT+ BT)

(21)
The steady-state unemployment rate increases with the expected duration of
completed unemployment spells, and decreases with the expected duration of
completed employment spells. Equation (21) is interesting because it shows that
the unemployment rate, which is an average across workers at each moment,
reflects the average outcomes experienced by individual workers across time.
Thus, there is a link between economy-wide averages at a point in time and the
time-series averages for a representative agent (Ljungqvist and Sargent (2004)).

We can think of each individual’s labor-market history as a continuos-time
Markov chain defined on two states, employment and unemployment. The in-
stantaneous transition rate from unemployment to employment is constant over
time and equal to A\[1 — F(w)], while the instantaneous transition rate from em-
ployment to unemployment is also constant and equal to «. This provides an
alternative way of deriving the steady-state unemployment rate as the steady-
state probability of unemployment for this chain. A well known statistical result
establishes that the latter is equal to the ratio between o and o+ A[1 — F(w)].

5 Comparative Statics

We are now ready to study the effects of changes in the primitives of the model
on the reservation wage, the hazard rates, the expected duration of completed



employment and unemployment spells, and the steady-state unemployment rate.
In what follows, we focus on the interior case w € (b,w).

Consider the effect of an increase in b — ¢. This can happen either becasue
b increases (an increase in the value of leisure) or because ¢ decreases (a re-
duction in out-of-pocket expenditures while searching for employment). Totally
differentiating (10) we obtain:

ow  pta
ob—c) p+a+i, € (0 1). (22)

Thus, an increase in b — ¢ increases the reservation wage, but less that one for
one. This can be obtained from Figure 1, where the upward-sloping line (which
represents the marginal cost of search) shifts to the right by a distance equal
to the change in b — ¢. This induces an increase in w which is smaller than the
increase in b — ¢ because the other curve (which represents the marginal revenue
from continued search) is downward sloping. The increase in w induces an
increase in F'(w), so the probability of accepting a job offer, 1 — F'(w), decreases.
This, in turn, generates a reduction in the hazard rate for unemployment, 6, =
Al — F(w)]. The hazard rate for employment, 8, = «, is not affected. The
expected duration of unemployment spells, E{T,} = -, increases while the
duration of employment spells does not change, E{T.} = L. The steady-state
unemployment rate, w = 96—?;0—“, increases.

Imagine that the discount rate, p, goes up. This reduces the marginal gain
from continued search. In Figure 1, the downward-sloping curve shifts down
while the upward-sloping curve does not shift. Hence, the reservation wage goes
down. The analytical expression, obtained by totally differentiating (10), is:

ow A

3_p:_(p+04)(,0+04+9u)/w L — F(w)dw < 0. (23)

Therefore, F(w) falls, 0, increases, 8. does not change, E{T,,} falls, E{T,} does
not change, and u decreases.

An increase in the arrival rate of job offers, A, increases the reservation wage,
w. This is easily obtained from Figure 1, where the marginal revenue curve shifts
up while the marginal cost line does not move. The analytical expression for
this change is:

ow 1

- /w 1 — F(w)]dw > 0. (24)

The effect on the hazard rate for unemployment is a bit more complicated.
The reason is that, unlike the previous cases, A has both a direct effect and an
indirect effect on 0, = A[1 — F(w)]. The direct effect is clearly positive: for a
constant level of w, an increase in \ increases 6,,. The indirect effect, however,
tends to reduce 6, because the increase in w reduces the probability of accepting
an offer, 1— F(w). The net effect is ambiguous, as can be seen from the following

10



expression:

00, AF (w B
8—; =[1-FWw)] - p+a—(+)9u/w [1— F(w)]dw = 0. (25)
Therefore, the effect on the expected duration of unemployment and on the
steaty-state unemployment rate is also ambiguous. For the intuitive result that
an increase in job availability reduces unemployment duration, the first term
in the right-hand side of (25) must be bigger than the second. Burdett (1981)
shows that a sufficient condition for this to happen is a log-concave wage-offer
density funciton.

Consider now an increase in the arrival rate of layoffs, a. This has the
obvious effect of increasing the hazard rate for employment, 6., and reducing
the expected duration of employment spells, E{T.} = é The impact on the
reservation wage can be obtained from Figure 1, where the marginal gain curve
shifts down, implying a reduction in w. In particular:

ow A

%:_(Ha)(pmwu)/w L — F(w)dw < 0. (26)

This induces an increase in 6,, and a reduction in E{T,}. Since people get fired
more often but at the same time the job-finding rate increases, the change inw =
ee—i*‘e—u is ambiguous. More restrictions are needed to obtain the intuitive result
that the steady-state unemployment rate increases when the job-separation rate
does.

Finally, we want to investigate the effects of changes in the probability dis-
tribution of wage offers, F'. We focus on two kinds of changes: a translation of F’
to the right, and a mean-preserving spread.?’ A translation to the right has the
effect of increasing the mean of the wage distribution while keeping all higher
moments unchanged. In Figure 1, the marginal return curve shifts up and to
the right for all x smaller than w. Also, at the point where the two curves cross,
the shift to the right equals p (the increase in E{W}). Since the marginal cost
curve has positive slope, the resulting increase in w is smaller than p. This can
be confirmed by totally differentiating (10):

ow 0.

— =———2¢€(0,1). (27)
The effect of the translation on the probability of accepting an offer, and then on
the hazard rate for unemployment, is trickier because it is not clear at first that

20 A cumulative distribution function G is said to be a translation of another distribution
function F if there exists a constant p such that G(w 4+ p) = F(w) for all w. When p is
positive, the translation is to the right.

A distribution indexed by o2, F(-;02), is said to have been obtained from a distribution
indexed by o1, F(+;01), by a mean-preserving spread if the two distributions have the same
mean and satisfy: [ [F(w;02) — F(w;o1)]dw > 0 for all z. For infinitesimal changes in o,
the differential version of the previous expression is: foz Fy(w;o)dw > 0 for all z, where the
integrand is the partial derivative of F' with respect to o.
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the area under the new density function and to the right of the new reservation
wage is higher than the area under the old density function and to the right of
the old reservation wage. However, the fact that g—“}j is smaller than one implies
that this is actually true. Formally:

90, Ow ,
o (1-— @))\F (w) > 0. (28)

It follows from (28) that both E{T,} and @ fall when the average wage offer
increases.

Mean-preserving spreads have the property of increasing the variance of a
distribution without changing its mean. One can show that:

Ow A v
= ; >
90 P Fa+ 91;, /(; Fa(wv 0)]dw = 07 (29)

where the non-negative sign follows from the very defintion of mean-presearving
spread. The impact on 0, is, in general, ambiguous:
00, ow -

5 = —A\F (w)a—g — AF5(w;0) Z 0. (30)

This implies that a mean-preserving spread has an ambiguous effect on E{T,}
and .

6 Education and Unemployment

A thorough study of the relationship between education and unemployment is
outside the scope of this paper since it would requiere us to extend the model
by making the decision to invest in education endogenous. That being said, we
can still use the results of the previous section to shed some light on the issue.
To this end, we have to think about the likely differences on the parameters of
the model across individuals with different education levels.?!

A lower discount rate is one of the factors that would induce higher investmet
in education. Hence, we would expect a negative relation between this parameter
and education. If we think of p as an interest rate we obtain a similar conclusion,
since higher education is usually associated with better possibilities of financing
search.

The relation between b — ¢ and education can be negative, both because
of the greater foregone earnings of more educated people and because of their
typically lower unemployment benefits. This is not guaranteed, however. One
can imagine more educated workers being better connected to other people or
institutions that may help them search at a lower cost. Also, since b depends on
individuals’ preferences for leisure, one cannot rule out the possibility of more
educated people with a higher value for this parameter.

21 The analysis in this section follows the one in Mincer (1991).
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There are reasons to think that « - the instantaneous probability of being
fired or laid off - is lower for more educated people. On one hand, more educated
people tend to receive more on-the job training, which makes firing them more
costly for the firms. On the other hand, hiring more educated workers may entail
higher fixed costs for firms (e.g., screening, hiring, fringe benefits independent
of hours, etc.), which can also make firms more reluctant to fire them. It is also
possible that the job matching process is easier for more educated people, which
would also reduce the probability of being fired.

The arrival rate of job offers while unemployed, A, is likely to be higher
for more educated workers. One reason is that, because of higher foregone
earnings, more educated individuals have incentives to spend more resources on
the search process, either by searching more intensively (more hours per week)
or by incurring other kinds of expenditures (advertising, transportation, etc.).
It is also likely that more educated workers can gather information about market
opportunities more efficiently, and that the intensity of search by firms is higher
for this type of workers. Both phenomena are associated, in the context of our
model, with an increase in A. Finally, and in accordance with empirical data, it
is reasonble to expect that the wage-offer distribution for more educated workers
has a higher mean that the one for less educated workers.

Combining the preceding analysis with the comparative-statics results of
the previous section we conclude that, in all likelihood, more educated workers
will have a higher reservation wage. The impact of more education on the
hazard rate for unemployment is ambiguos. Some factors, like o and p, make
the hazard lower for more educated workers, while others, like the mean of
the wage distribution, make the hazard higher. Accordingly, the impact of
more education on the expected duration of completed unemployment spells, is
ambiguous. The effect of more education on the hazard rate for employment
is likely to be negative. This implies a higher expected duration of completed
employment spells for more educated workers. Finally, the impact of more
education on the steady-state unemployment rate is ambiguous.

7 Econometrics

One of the nice features of search theory is that it provides a framework to
structure and analyze labor-market data. This can be shown by means of a
simple example.?? Suppose we have a random sample of n individuals. An ob-
servation for individual ¢ € {1,...,n} consists of the duration of unemployment,
t;, and a vector of time-independent explanatory varaibles, x;. For individuals
that were employed at the time of the survey, ¢; measures the length of the last
completed unemployment spell. For individuals that were unemployed, ¢; mea-
sures the elapsed duration of the current unemployment spell, and is therefore
right censored. If the model described in the preceding sections is correct, the

22Extensions to more complicated setups can be found in Lancaster (1990).
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density and survival functions for unemployment are:
du(ti; Z) = 9uie*9“iti, Su(ti; Z) = Huieiel”‘ti, (31)

where 0,; = \;[1 — F(w,;1)] is the individual-specific hazard rate.

Since A;, F(:;4), and w; are usually unobserved, it is standard to model the
hazard rate directly, as a function of the vector of explanatory variables. The
most common version is the exponential form

Oui = 0(x;,8) = e %P, (32)

where 3 is a parameter vector to be estimated.

Let A, C, and U be the sets of all, censored, and uncensored observations,
respectively. Combining (31) and (32), and abusing notation, whe can write the
log-likelihood function as follows:

1B ]x,t)

> Ind,(ti, xi, 8) + > InSy(ti, %, 8)

€U ieC

Zln@ (xi,8) — 29 (xi, B)ti (33)
S P

€U €A

where x = (x1,...,%,) and t = (¢1, ..., t,). The maximum-likelihood estimator,
B, is obtained by maximizing I(83 | x,t) with respect to 3.

8 Concluding remarks
We conclude like we started, with a quote from Lucas (1987):

Here, then, is a prototype (at least) of a theory of unemployment.
Let us take it seriously and criticize it. Indeed, the model explicitness
invites hard questioning. Why can the worker not work and search at
the same time (the way economists do)? Doesn’t he learn anything
about his job opportunities as he searches? If he is no different from
other workers, why does he face a distribution of wage possibilities
(as opposed to opportunities to work ad ‘the’ going wage)?

These are all good questions, and we could think of more. Some
of them are hard to deal with, some quite easy. But before turn-
ing to some of these questions, note this: in so criticizing McCall’s
model, we are thinking about unemployment, really thinking about
what it is like to be unemployed in ways that fix-price and other
macroeconomic-level unemployment theories can never lead us to
do. Questioning a McCall worker is like having a conversation with
an out-of-work friend: ‘Maybe you are setting your sights too high’,
or ‘Why did you quit your old job before you had a new one lined
up?’ This is real social science: an attempt to model, to understand,
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human behavior by visualizing the situations people find themselves
in, the options they face and the pros and cons as they themselves
see them.

Many of the extensions listed in Lucas’ quotation are already available in
the literature, including on-the-job search, on-the-job wage changes, on-the-
job learning, directed search, two-sided search and matching, endogenous wage
determination, etc. In addition to Mortensen (1986), two excellent surveys of
this literature are Mortensen and Pissarides (1999), and Rogerson et al. (2004).
Numerous papers use search-theoretic models to empirically study labor-market
issues. Eckstein and van den Berg (2006) survey this literature. Search models
have also been used to study the feedback between labor- and credit-market
imperfections (Wasmer and Weil (2004)). Last but not least, search theory has
been used to ask normative questions, especially with regard to the optimal
design of unemployment insurance schemes (e.g., Shimer and Werning (2006)).
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