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Business Cycles and Labor-MarketSearch
By DAVID ANDOLFATTO*
The quantitative implications of labor-market search for economic fluctuations
are evaluated in the context of a real-business-cycle model. Incorporating labormarketsearch into the model is found to improve its empiricalperformance along
several dimensions. In particular, hours now fluctuate substantially more than
wages and the contemporaneous correlation between hours and productivity
falls. In addition, the model replicates the observation that outputgrowth displays
positive autocorrelation at short horizons. Overall, the empirical results suggest
that the labor-market-search environment embodies a quantitatively important
propagation mechanism. (JEL E32, J40)
In this paper, I evaluate the quantitative
properties of a real-business-cycle (RBC)
model in which the level of employment is determined using a search framework for the
labor marketinstead of the standardWalrasian
mechanism. This quantitative exercise is
motivated by the appearance of a recent
theoreticalliteraturethat organizes its thinking
on aggregate labor-market dynamics and
business-cycle activity around models based
on search-theoreticprinciples. Some of this literatureis concerned with explaining important
business-cycle facts that RBC models are not
designed to address. For example, Edmund S.
Phelps et al. ( 1970) and Christopher A.
Pissarides ( 1985, 1987) emphasize the role of
labor-market search in generating empirical
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regularities like the Beveridge curve and the
Phillips curve. Other segments of this literature, for example, Randall Wright ( 1986) and
Peter Howitt (1988), demonstratehow labormarket-search considerations may help resolve some of the well-known problems that
RBC models have in explaining key features
of the labor market. However, empirical
investigations regarding the quantitative implications of search environments in generalequilibrium settings are rare; the purpose of
the present paper is to help fill this void.'
The search environment studied in this paper is based on the framework developed and
studied extensively by Pissarides (1990). In
this model, exit rates from unemployment and
vacancy are determined by the search and
recruiting decisions of workers and firms.
These decisions serve as complementary inputs into an aggregate matching function.
Changes in the expected returnsto search, owing perhapsto changes in labor productivityor
some structural disturbance, induce equilibrium responses in search and recruiting activities, the effects of which are propagated
through time via changes in the stock of
employment.
A search equilibriumcan be consistent with
a number of business-cycle facts that are accounted for with difficulty in standardtheory.
A partiallist includes the following character-

' Some closely relatedwork includes Dale T. Mortensen
(1990) and Monika Merz (1992).
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istics: (i) the persistence and variability in
unemployment; (ii) the large cyclical movements in job availability; (iii) the negative
correlationbetween vacancies and unemployment; (iv) the large cyclical movements in the
aggregate labor input in conjunction with relatively small movements in the real wage; and
(v) the asymmetric dynamic correlation between hours and labor productivity.The question pursuedhere is whetheror not and to what
extent these qualitative implications match up
quantitativelywith observation.
A related question concerns the empirical
relevance of the propagation mechanism that
is embodied in this search environment; one
contributionof the currentpaper is to quantify
the degree of internal propagationinduced by
labor-market-searchconsiderations vis-'a-vis a
benchmark RBC model. The exercise undertaken here is especially relevant in light of recent empirical results reported by Timothy
Cogley and James M. Nason (1992). These
authors demonstrate that many popular RBC
environments embody quantitatively insignificant internal propagation mechanisms: in
many cases, predicted output dynamics are
virtually identical to assumed impulse dynamics. As a consequence, these models fail to account for the observed positive correlation in
output growth, as documented by Charles R.
Nelson and Charles I. Plosser (1982). The
only exception reportedby Cogley and Nason
is the labor-hoardingmodel of Craig Burnside
et al. (1993). Since costly search introduces a
labor-hoardingmotive for firms, there is some
reason to believe that similar success may be
enjoyed by a business-cycle model that incorporates search in the labor market. The extent
to which this belief is justified will be examined below.
In order to study the implications of labormarket search for aggregate fluctuations, the
search framework described above is integrated into an otherwise standard businesscycle model of the type introduced by Finn
E. Kydland and Edward C. Prescott (1982),
and John B. Long and Plosser (1983). Thus,
apartfrom the labor market, where aggregate
employment is determined by the matching
process, all other markets operate as Walrasian auctions. The quantitative properties
of the model are evaluated according to the
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empirical methodology adopted in the RBC
literature (Prescott, 1986). Specifically, an
artificial economy is parametrized, calibrated, and the equilibrium is computed numerically. The equilibrium decision rules
are then used to simulate time paths for the
economic variables of interest; the statistical properties of these simulated time series
are then compared to the statistical properties of the corresponding data generated by
the postwar U.S. economy.
The empirical results can be summarized as
follows. Overall, the search model studied
here accounts for the observed pattern of aggregate economic activity reasonably well. In
particular,the model generates persistent unemployment and a negatively-sloped Beveridge curve, similar to that generated by the
U.S. economy. Also, the model is consistent
with the observation that most of the variability in the aggregate-labor input is accounted
for by cyclical adjustments in employment
rather than hours worked per employee. The
model' s most notable shortcoming is in
accounting for the observed volatility in
job availability; the model predicts cyclical
movements in vacancies that are substantially
smaller than those displayed by the U.S.
economy.
Incorporating labor-market search into a
standard RBC model leads to a considerable
improvement along three key dimensions.
First, the model becomes consistent with the
observation that hours fluctuate much more
than wages. Second, the model implies a lower
contemporaneous correlation between hours
and productivity, with productivity displaying
a slight lead. Finally, the equilibrium output
dynamics are substantially different than the
assumed impulse dynamics; the model is able
to replicate the observed dynamic pattern of
output growth.
The paper is organized as follows. In Section I, the model is described and the equilibrium is characterized.In Section II, the model
is parameterizedand calibrated. Section III reports the simulation results and provides an
evaluation of the model. Section IV considers
briefly the quantitative implications of introducing exogenous "structural" disturbances
in the model economy. Section V provides
some concluding remarks.
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I. The Model
The model embeds a labor-market-search
framework into an otherwise standard RBC
environment. Assume that there are households distributed uniformly on the unit
interval and that they have the usual preferences for consumption and leisure. In
the model, households face the standard
consumption-saving problem, but face altogether different opportunities for exchanging labor services. In particular, individuals
either have a job opportunity or not, and job
opportunities come and go at random, depending to some extent on individual search
effort, the availability of jobs, and plain
luck. Having a job opportunity means being
matched with a firm, or to some position
within the firm, and having the opportunity
to negotiate a labor contract stipulating the
terms by which labor services are exchanged
for wages. Firms also face a standardwealthmaximization problem, except that, because
finding new workers takes time and effort,
firms view their existing workforce as a capital asset. Given constant returns in the
production technology, it may be assumed
without loss that each firm comprises a single job; in what follows, the terms firm and
job will be used interchangeably.
A. The Search Process
In order to produce output, each job requires a worker. Let n, denote the number of
jobs that are matched with a worker at the
beginning of period t; hence, nt is the measure of current period employment and 1 nAis the measure of nonemployed workers
currently available for work.2 Job-worker
pairs are assumed to separate at the exogenous rate 0 < a < 1,- so that the stock
of active jobs (employment) is subject to
continual depletion. Replenishing this stock
takes time and consumes resources.

2 The distinction between unemployed and not in the
laborforce is ignored here. Note that, as an empirical matter, the flows into employment from each of these pools
are roughly of the same magnitude (Olivier J. Blanchard
and Peter A. Diamond, 1990).
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A firm interested in filling an available job
must undertakerecruitingand screening activities, which are necessary for finding a suitable
employee. Let v, denote the total number of
new jobs made available by firms during period t, each of which incurs a flow cost equal
to K >'O, measuredin units of physical output.
Aggregate-recruiting intensity is assumed to
be proportional to vt, the number of job vacancies. In the version of the model studied
here, workers are assumed to search passively.
Letting e denote search effort per worker seeking employment, aggregate search effort by
workers is given by (1 - nt)e. Following Pissarides (1990), the rate at which new job
matches form is governed by an aggregatematching technology, M(v, (1 - n)e), so that
employment evolves according to the following dynamic equation:
(1)

nt+I

=

(1

-

o)nt + M(vt, (1

-

nt)e).

Hence, a job vacancy can at best become
productive only after a period of time has
elapsed. This delay may be interpreted
as reflecting the time-consuming nature of
search, together with a period of training
which is typically necessary for new
employees. The matching technology is assumed to be a nondecreasing, concave function of aggregate search and recruiting effort
and is assumed to display constant returns to
scale.3 The uncoordinated nature of the
search process is captured by the property
that M(v, (1 - n)e) c min{v, (1 - n)).
That is, during any given time interval, it
will generally be the case that at least some
searchers fail to contact an appropriate
partner.
B. The Social Welfare Problem
The typical household has preferences represented by a utility function of the following
form:

' The assumption of constant returns to scale is supported empirically by Pissarides (1986) and Blanchardand
Diamond (1989).
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co

(2)

Eo I

/'[ U(ct) +

b(t)H(I - x,)]

t=O

where ct denotes consumption, x, denotes the
fraction of time spent in nonleisure activities
and 0 < , < 1 is a discount factor. The functions U and H are increasing and concave. The
value of the parameter+(t) > 0 depends on a
household's employment status: +(t) is equal
to 01 if the household is employed and is equal
to 02 if the household is nonemployed. This
parametermay be interpretedas reflecting differences in the efficiency of a household's
home production technology across different
states of employment opportunities. No a
priori restrictionis placed on the relative magnitudes of 01 and b2;their values will be identified in the calibration procedure described
below.4
Output is produced according to a standard
neoclassical productiontechnology, yt = F(k,
ntlt;zt), where ktis the aggregate capital input;
lt is average hours worked by those employed;
and zt is a parameter reflecting the current
state of technology, which evolves stochastically according to the transition function
G(z', z) =Pr[z,+ < z' Izt = z]. The capital
stock depreciates at rate 0 < 8 < 1, so that the
economy-wide resource constraint is then
given by

bitraryinitial condition (so), which is obtained
by solving the welfare problem stated above.
Let EGdenote the expectations operator associated with the transition function G and let
primed variables denote "next period" values.
The value function W satisfies the following
Bellman equation:5
(4)

ct +k k+ I + KVt = yt + (I -

+ (1

-

n)02H(I

+ J3EGW(S')

1)

-

e)

}

where the maximization is subject to the constraints:
(5)

F(k, nl; z) + (1--)k
- k'-

(6)

KV -

C2 0

+ M(v, (1-n)e)-n'

(1-)n

2 0.

Letting (X, ,u) denote the multipliers associated with constraint (5) and (6), respectively, one can express the first-order conditions (assuming an interior solution) as
follows: 6

(8)

'Allowing this parameterto vary across employment
status facilitates the calibration of the model to the data.

+ n4,H( 1-

c,l,k', n',v

=0

U1 (c)-X

6) kt.

The social welfare problem involves choosing
a contingency plan { ct, it, kt+ I, nt+ I, vt} t= 0
in order to maximize the expression in (2)
subject to the resource constraint in (3), the
law of motion for employment in ( 1), the law
of motion for the productivity shock, G, and
an initial condition, (ko0 no, zo).
Exploiting the recursive structure of the
problem, one may equivalently reformulate it
in terms of a dynamic program. Let s =(k, n, z) denote the current period capital
stock, employment rate, and productivity
level, respectively; refer to this vector as the
state of the economic system. Let W(so) denote the maximum value of (2), given an ar-

{ U(c)

W(s) = max

(7)

(3)
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-41H1(I

-

1) + XF2(k, nl; z) = 0

(9)

GEGWI(S')-X = 0

(10)

QEGW2(S')

(11)

-XK

-

+ IaMI(V, (1-

= 0

n)e) = 0

' Writing the equation in this manner anticipates that
the planner will allocate consumption independently of
employment status, a result that follows from the assumed
separabilityof consumption and leisure in the utility function. Existence of a unique W satisfying (4) can be demonstrated easily using standard contraction mapping
arguments, e.g., see Nancy Stokey and Robert E. Lucas
(1989).
6 In what follows, the notationf will denote the derivative of the functionf with respect to its ith argument.
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in addition to the constraints(5) and (6) holding with equality. From the envelope theorem,
one derives
( 12)

WI(s) = X[F, (k, ni; z) + 1 -

(13)

W2(s) =OH(I-

1)

-02H(I

- a -(

U1(c)

= /3EG[ FI(k',

+ 1

(P2)

-

KVUI(C) =

(P4)

IL= 6EG{ IIH(1-P')-02H(1-e)

+U'[1 -a-(1

(P5)
-a)p(v,

paaM(v,(1

-

n)e)

+ U1(c')F2(k', nTl'; z')l'

-e)

c + k' +

-a)p(v',n')]

KV =

}

F(k, nl; z)

+ (1 - 6)k

n)]

- n) is
where p(v, n) 3 M(v, (1 - n)e)/l
the fraction of nonemployed households that
are allocated to new jobs. The parametera is
defined to be the elasticity of job matches with
respect to the vacancy input, i.e., a = (vM1)/
M. Given a Cobb-Douglas specification for
the matching technology, a will take on a
value between 0 and 1. Likewise, (1 - a) =
((1 - n)eM2)/M is the elasticity of job vacancies with respect to the search input of
households.
WIis the increase in utility that results from
a small increase in the capital stock. W2can be
interpretedas the surplus that results from the
marginal job match. Increasing employment
by one unit affects utility in three ways. The
first two terms in (13) capture the difference
in the utility of leisure that is enjoyed by a
household when it is employed ratherthan unemployed. The third term is the value of the
added output that is forthcoming from an additional worker and the fourth term captures
the value of the "stock effect" on future employment. Note that this last term will be positive, since a is calibratedbelow to be less than
a. Hence, an increase in employment persists
into the future, an effect which is valued at
the margin by ,u, where ,u is equal to the expected marginalbenefit of an additionalfuture
worker, i.e., see condition (10).
Combining the informationabove with conditions (7) - (11), the unknown policy functions (c, k', n', 1, v, y1)are characterized by
(P1) - (P6).
(P1)

(P3)

]

+ XF2(k,nl; z)l

+u[
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(P6)

n' = (1-a)n

+ M(v, (1-n)e).

Conditions (P1) and (P2) have well-known
interpretations:the former governs the intertemporalpatternof consumption and the latter
determinesthe intratemporalallocation of consumption and leisure.7As mentioned earlier, ,u
represents the expected discounted value of
the marginal job match: condition (P4) ensures that the representative household is indifferent between small changes in the level of
employment across any two time periods.
Condition (P3) requires that the marginal recruiting cost is equal to its expected future return. Conditions (P5) and (P6) are simply
restatementsof the resource constraintand the
law of motion for employment.
C. A Decentralized Search Economy
This section demonstrates how the Pareto
optimal allocation characterized above might
be implemented as a stationaryequilibrium of
a decentralized search economy.8 One benefit
of this exercise is that it will result in an equilibrium wage equation, the implications of
which may be compared to aggregate wage
data. The conditions necessary for implementation are essentially twofold: (i) perfect
insurance markets; and (ii) efficiency in
the outcome of wage-employment contracts.
These two conditions will be assumed to hold.

n'l'; z')

8]UI(c')

bIH1(I - 1) = F2(k, ni; z) Ui (c)

7 Note that, for n = 1, these two conditions (together
with the resource constraint) determine the optimal allocation for a standardRBC model.
8 This paper does not investigate the possible existence
of other types of equilibria.
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Firms are ultimately owned by individuals
in the household sector. Assume that all firms
discount expected future values according to
(14)

A(s , s)

/3pU ( C(S ) )

where c(s) is the equilibrium consumption in
state s. The use of this discount factor effectively weights current and future profits in
terms of the values attached to these payoffs
by households (i.e., state-contingentmarginal
utilities). In light of the ownership structure
of the economy, the specification in (14) is
reasonable.
Firms-or, more precisely, the jobs within
a firm-exist in three possible states: active,
vacant, and dormant.An active job is one that
is matched with a worker and is currentlyproducing output;let J(s) denote the capital value
of an active job when the state of the economy
is s. A vacant job is one that is seeking a suitable employee; let Q(s) denote the capital
value of a vacancy. A dormantjob refers to a
job that is neither matched with a worker nor
looking for one. Assume that there is a large
supply of such jobs each of which has zero
capital worth.
A firm may choose to convert a dormantjob
into a vacant job within any period by undertaking the recruitingexpense K. Under the assumption that vacancies are matched with
equal probability, the probability of making a
successful transition is given by the ratio of
the number of matches to the number of vacancies, (M/v). Anticipating that J > Q 2 0
in the equilibrium,the capital value of a vacant
job must then satisfy the following recursive
relationship:
(15)

X

Q(s)

=

M
(-J(sf')

-K

+ EGA(s',

+

I
1--

s)

Q(s')]

Condition (15) states that the capital value of
a vacant job is equal to its currentprofit flow
plus an expected, discounted, future capital
value: with probability (M/v), the firm is successful in recruiting a suitable employee and
consequently attains the value J; with proba-
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bility (1 - Mlv), the firm is unsuccessful in
its recruiting efforts thereby retaining the capital value Q; these capital values are then
converted into present value terms with the application of A.
As long as Q (s) > 0, firms will convert dormant jobs into vacant positions. In this case,
however, as the number of vacancies grows
large, the probability that any one vacancy
finds a suitable employee falls, owing to the
added congestion in the search market. A
lower probability of success reduces the attractiveness of recruiting activities, thereby
reducing the value of Q. In equilibrium, freeentry ensures that Q (s) = 0 in every state of
the world. In other words, v(s) adjusts to the
point where firms are just indifferent between
creating a vacant position or leaving it dormant, i.e., condition (15) reduces to
(16)

KV =

M(v, (1 - n)e)EGA(s', s)J(s').

Consider next the determination of J, the
capital value of an active job. This value will
be determined by the wage-employment contract negotiated with the worker together with
the firm's choice of capital input, k. The labor
contract negotiated in state s, denoted (w(s),
I(s)), is assumed to be efficient. The equilibrium labor input, I(s), must therefore satisfy
condition (P2). The negotiated wage rate,
w(s), will depend on the nature of the share
rule described below; in order for the share
rule to implement the optimal allocation, it
will have to induce equilibriumvalues for v (s)
and ,u(s) that satisfy (P3) and (P4).
Recall from condition (13) that the utility
value of the marginaljob match in the optimal
allocation is given by the value W2(s); this
value, measured in units of goods, is given by
W2(s)/U1(c(s)). Let 0 < ( < 1 denote the
firm's share of the value of a job that forms in
the search equilibrium. Assuming for the moment that there exists a share parameter that
implements the optimal allocation, the capital
value of an active job is then given by
(17)

J(s)

= (W2(s)/UI(c(s))

where W2(s) is given by expression (13) and
where ,uin expression ( 13) is characterizedby
condition (P4).
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Having determined J in terms of ,u,one may
now rewrite condition ( 16), which determines
equilibrium vacancies, as follows. From condition (10), one has , = /3EGW2(s');combining this with (17), one may equivalently write

MARCH 1996

With Q = 0, the capital value of an active job
must satisfy the following Bellman equation:
(22)

J(s) = 7r(s)
+ (1 - u)EGA(S', S)J(S').

(18)

,u=' /-1,EGJ(s')Ul(c(s')

).

Condition (18) may now be combined with
condition (16) to yield
( 19)

KVUl(C) = 1,aM(v, (1 - n)e).

On comparing condition (19) with condition
(P3), it is clear that in order that the equilibrium level of vacancies correspond to the
socially-optimal level, it must be the case that
( = a. That is, the share rule agreed upon by
workers and firms must be such that the share
of match value accruing to firms must correspond to the elasticity of the matching technology with respect to recruiting effort.9
It will now be demonstrated how the conditions above may be used to derive a wage
equation. An active job requirescapital, which
is rented on a competitive market at rate r(s).
Given the labor contract (w(s), I(s)), the decision problem of an active firm is simply
(20)

The interpretationof equation (22) is analogous to the interpretation of equation (15).
Equation (22) may be thought of as determining, for any given wage rule, w, the equilibrium capital value of an active job, J.
Alternatively, with J determinedby condition
(17), equation (22) may be used to recover
the wage rule implied by the share parameter
that implements the optimal allocation:
(23)

w(s) = F2(k, nl(s); z)

- [J(s) - (1 - o)EGA(s,

(24)

w(s) = (1 - a)F2(k, nl(s); z) + a

xL
-

w(s)l(s)

i(s) = F2(
-

,

~~uI(c(s))

(s)

I

l (s)

}

where ir(s) denotes the profit flow of an active
job. In equilibrium, the aggregate demand for
capital services must equal aggregate supply,
i.e., nk = k; the equilibriumrentalrate for capital will be given by the marginal product of
capital, i.e., r(s) = F, (k, ni(s); z). Using the
fact, that F = F,k + F21, together with the
market-clearingcondition, k = kln, the equilibrium profit flow can be written as
(21)

I(s)

Substituting for J from equation (17) (invoking ( = a) and utilizing equations (10)
and (13) transforms the wage equation in
(23) to

rb(s) + p (v (s), n ) ( I1- at)

ir(s) = max { F(k, i(s); z)
-r(s)k

S)J(S)]-

I(s); z I(s)

w(s)i(s).

'This result is similar to the one derived by ArthurJ.
Hosios (1990) and Pissarides (1990).

where b(s)
[02H( 1- e) - b1H(1- I(s)]
is the gain in the utility of leisure to the household should it choose to search rather than
work. The wage equation above is similar to
the one derived by Merz ( 1992). In particular,
a worker's wage bill turnsout to be a weighted
average of the worker's contributionto output
and the worker's outside opportunity,with the
weight (1 - a) having the interpretationof
the worker's relative bargaining power in the
wage negotiation process. The value of the
outside opportunityis displayed in the square
brackets in equation (24); it comprises two
terms. Should the household choose to leave
the bargaining process, it may enjoy the net
gain b (described earlier) and re-engage in the
search process, the value of which is p (1 a)[,; i.e., with probability p the household
contacts a different job and acquires the share
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( 1 - a) of the value of the match surplus, [u.I
The important development here is that the
wage rate prevailing in the search equilibrium
above does not equal (although it is related to)
the marginalproduct of labor. As a result, average laborproductivityand the real wage may
potentially behave quite differently, as they
apparentlydo in the data."
The equilibrium analysis turns next to the
behavior of households. Households are assumed to begin time in an ex ante identical
state. In particular,even though no is known
prior to trade, the identity of those belonging
to the set of employed households is not
known at this time. The randommatchings and
separations that occur in the labor market induce different employment histories among
households and consequently can lead to
heterogeneous wealth positions as well. However, given perfect insurance markets, riskaverse households will insure themselves fully
against the income fluctuation attributableto
idiosyncratic labor-market transitions; labor
income will turn out not to depend upon the
household's employment history. In equilibrium, labor income (net of insurance premiums) will be equal to the average wage bill,
nw(s)l(s), for all households. A detailed description of one market structure that implements the full-insurance result is provided in
Appendix A.
Given full insurance, the equilibrium consumption and investment rules (c(s), k'(s))
for each household must satisfy
(25)

U, ( c(s))

=

EG[1 + r(s')

-

6]
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where d(s) = n7r(s)- KV(S) is the aggregate
dividend payment (net of recruiting costs).
Combining (25) and (26) with the known
pricing relationship r(s) and the definition of
profits in equation (20) results in two equations that correspond to condition (P1) and
(P5). Hence, the search equilibriumdescribed
above is characterizedby a set of functions (c,
n', 1, k', v, ,u, w) satisfying conditions (P1)(P6) and equation (24).
II. ModelParametrizationand Calibration
Functional forms are required for U, H, F,
M and G. The specifications used here are as
follows:
U(c) = log(c)
= (1- 77)-'(1 -x)'-t7
H(l-x)
F(k, nl; z) = exp(z)4k9(nl)'9
M(v, (1 - n)e)
= min{v, 1 - n, Xva((1 - n)e)'-a}
whereX, C> 0, 0c 0, a ?1 and7 * 1.The
productivity shock is assumed to be governed
by the following stochastic process: z' = pz +
9, where 0 < p < 1 and e is an independently
and identically distributedrandom variable. In
particular, assume that eE{ -e, s }, e > 0,
= 2and prob(s) = prob(-)
In order to compute the model's equilibrium, values must be assigned to the following
list of parameters:
Preferences: 6, r7,01, 02
Production technology: 4, 0, 6, p, e
Search technology: X, a, a, K.

x U,(c(s'))
together with the budget constraint,
(26)

c(s) + k'(s) = [1 + r(s)

-

6]k

+ nw(s)l(s) + d(s)

? Dividing by the term U, then converts these values
into "real" terms.
" Paul Gomme and Jeremy Greenwood (1995) develop
an RBC model with heterogeneous agents in which the
link between wages and productivity is broken owing to
insurance considerations.

The parameter values above are chosen according to the calibrationprocedure described
by Kydland and Prescott ( 1994). In particular,
parameter values are chosen to be consistent
with the restrictions imposed by the theory on
secular observations together with what is
known from the cross-sectional data.'2
When the variance of the shock process is
set to 0, the model converges to a steady state.

12
In this manner, parameter values are chosen independently of the phenomena to be explained (i.e., the
higher-frequencymovements in the data).

Let "starred" variables denote the steadystate values of the model's endogenous variables. In the calibration procedure, these
steady-state values are thought of as corresponding to the long-run averages of their
counterpartsin the data. The restrictions imposed by the theory on these long-run averages
are the steady-state analogs to equations
(P1) - (P6).13
(P1')

1=

(P2')

+X(1 - 1*)-"

+ 1-6]

f[94(k*)O'(n*l*)'O

= (1 -0)(k*)`(n*1*)-9(llc*)

(P3')

KV*IC* =*#Rx(V*)
- n*)e)l-a

((1

(P4')
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pt

+(I-l*)'-7

k2

-

(1-

e)'7(1

-

0)

X ?(k*)9(n*l*)-(l*Ic*)
+

.t*[1

X

((1

-

-(1

-x(v*)a

- n*)e)'-a1(

(P5')

c* + 6k*

(P6')

an* = X(v*)a((l

-n*)]

+ KV* = 4(k*)'(n*1*)'-'
-

n*)e)"a.

To begin, the discount factor is set to f =
0.99, which is consistent with a steady-state
real interest rate of 1 percent (per quarter).
Following Prescott (1986), capital is assumed
to depreciate at the rate of 10 percent per year;
hence let 6 = 0.025. The parameter 0 corresponds to capital's share of output. Most RBC
studies set 0 = 0.36; this value is used here as
well, although, it should be pointed out that in
the search economy, (1. - 0) no longer corresponds exactly to labor's share of output.

'3 Note: condition(P6') assumesthatxva((l
min{v, (1 - n)}.

-n)e)

-a <

With the technology parameter 4 chosen to
normalize the steady-state level of output to
unity, labor's share can be computed from
equation (23) to be
(27)

w*n*l* =(10)
- [1

-

(1

-

o)3]6(if)I(f3u)

where qi = KV* is the ratio of recruiting expenditures to output."4Unfortunately, there is
little direct evidence pertaining to the magnitude of aggregate expenditures on search
activity in the economy. In all likelihood, however, these costs are relatively small; with this
in mind, set 4' = 0.0O.'5In this case, the expenditure share of consumption implied by
condition (P5') is c* ; 0.74, which is close
to what is observed. Because 4'is a small number, it in fact turns out that labor's share in
(27) is approximatelyequal to (1 - 0).
The average employment ratio over the
sample period is n * = 0.57; the average fraction of discretionary time spent working is
computed to be l* = 0.33. Combining this information with (P1') results in a ratio of cap10,
ital to (quarterly) output of about k*
which is consistent with the value reportedby
Prescott (1986).
The quarterly rate of transition from employment to nonemployment is set to of =
0.15, which is based on the information reported in Kim B. Clark ( 1990) and Mortensen
(1990).16 No hard evidence exists pertaining
to the average fraction of time that nonemployed households spend searching; a reasonable guess is that it is probably no more than
half the time an employed household spends

'4

This derivation uses the following facts: J* =

(Cay*c*)//, using equations (10) and (17), and It* = 4/!

(c*cTan*)using (P3') and (P6').
15 As it turnsout, none of the results reportedbelow are
very sensitive to the exact value of qi; for example, setting
4i = 0.0001 leaves the quantitativepropertiesof the search
model virtually unchanged.
16 Clark (1990 p. 191) reports monthly transitionprobabilities for the year 1974. According to this study, the
probabilities of making transitions from employment to
unemployment and employment to nonparticipation are
0.020 and 0.033, respectively, which yields a monthly
transition probability of employment to nonemployment
equal to 0.053.
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working, i.e., e = (1/2)l*."7 Letm*=M(v
(1 - n*)e). In a steady state, the flow of job
destructionwill equal the flow of job creation
and condition (P6') reduces to an* = m*,
which may be written alternatively as
(28)

an* = q*v*

m*/v * is the probability that a
vacant position becomes a productive job by
the end of a three-month period. A problem
arises with respect to the appropriateway to
set v *, which in the model corresponds to the
steady-state stock of available jobs (as a ratio
of the working-age population). Our measure
of vacancies is based on a count of helpwanted advertisements posted in various
newspapers in cities across the country and
likely underestimates the aggregate level of
job availability.'8 With a = 0.15 and n* =
0.57, setting v* equal to the average stock of
help-wanted advertisements (0.02) appears to
be out of the question as this implies q * > 1.
Thus, the approach here will be to use evidence pertaining to the duration of vacancies
in order to pin down a value for q *; the corresponding value for v* will then be inferred
from (28). The transitionprobability is set to
q * = 0.90, which is consistent with an average
vacancy durationof about 45 days (Jan C. van
Ours and Geert Ridder, 1992). 9 Condition
where q*

" The quantitativepropertiesof the model are not very
sensitive across a wide range of values for e between 0
and P*.
18 For example, in a study on the use of help-wanted
advertising in the cities of San Francisco and Salt Lake
City in 1972, it was reportedthat "... in both cities a relatively small percentage [15-24] of employers hired
workers through want ad advertising. These tended to be
large firms concentrated in selected industries" (John
Walsh et al., 1975 p. 22).
'9That is, q* is approximately equal to 1 - (44/45)9?.
It should be noted that the average durationfor vacancies
is commonly reported to be under one month (e.g.,
Blanchardand Diamond, 1989 p. 21), which would imply
q*
1. However, as pointed out by van Ours and Ridder
(1992), a distinction should be made between the time a
help-wanted advertisementis removed and the time it actually takes to fill a vacant position. These authors report
that while 75 percent of all vacancies are filled by applicants who arrivein the first two weeks, it takes on average
45 days to select a suitable employee from the pool of
applicants.
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(28) then estimates average stock of available
jobs to be v* = an*lq* = 0.095, which is
about five times larger than the average stock
of help-wanted advertisements.20The vacancy
cost parameteris then set to K = +/V * = 0.105.
The parameter a is the elasticity of the
matching rate with respect to aggregate recruiting intensity. Blanchard and Diamond
(1989) estimate this parameterto be a = 0.60
for the United States. The technology parameter on the matching function, X, is then determined by m* = X(V*)a((l - n*)e)'-a.
Condition (P3') may then be used to
calculate /LL*.
For the specification of preferences used in
this paper, the individual labor supply elasticity is equal to

Thomas MaCurdy (1981) provides estimates
of y for males that range from 0.10 to almost
0.5. Arguing that this elasticity is likely higher
for females, Greenwood et al. (1988) suggest
that y = 1.7 is reasonable. For present purposes, an intermediate value is chosen: y =
1.0, which implies setting r1= 2.0. Given this
information, (P2') may now be solved for
= 2.08 and (P4') may be solved for
= 1.37.2I The parameters remaining are
42
those that describe the stochastic process for
the technology shocks. Estimates for these parametersare provided by Prescott (1986), i.e.,
p = 0.95 and e = 0.007.
With the parameter values so determined,
the equilibrium may now be computed numerically. The computationprocedureuses an
algorithm suggested by Wilbur Coleman II
(1990). Essentially, the procedure is to find
function evaluations that satisfy the system
(P1)- (P6) at discrete points on a state

20 While the reported count of help-wanted advertisements likely underestimates the level of job availability,
it is reasonable to assume that the behavior of actual job
availability is approximately proportional to the number
of help-wanted ads.
21 Hence, the calibration exercise here suggests that an
employed household values any given amount of leisure
time by a greater amount than a nonemployed household.
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space." The true solution functions are then
approximated by piecewise linear interpolations of these function evaluations.23
III. ModelEvaluation
Tables 1-3 below report statistics summarizing the cyclical properties of the U.S. and
model economies. The economic variables of
interest include real output (and its components) together with a variety of labor-market
entities.Data for the U.S. economy is quarterly,
for the 1953.1-1990.3 sampleperiod.24All variables were first deflatedby the 16+ population
and transformedby taking logarithms.The data
series were then detrendedusing the HodrickPrescottfilter(as describedin Prescott[1986]);
statistics describing the cyclical component of
these series were computed using the filtered
data.A correspondingset of statistics,generated
by the different model economies, was constructedby using the equilibriumdecision rules
to simulate time-series 5000 periods in length.
All simulatedseries were transformedin a manner analogousto the transformationundertaken
on the data.
Table 1 provides statistics describing the cyclical behavior of the U.S. economy, a standard RBC economy, and the search economy
developed above. For each economy, three
columns of statistics are reported. Column
(1) provides a measure of volatility (the standard deviation of the variable relative to the
standarddeviation of output); column (2) provides a measure of comovement (the contemporaneous correlation of the variable with
output); and column (3) provides a measure
of the variable's phase shift relative to output.25The search economy is evaluated here

22 Here, we use a 53 = 125 point grid distributedevenly
over the state space.
23
See Gomme and Greenwood (1995) for details describing the implementationof this algorithm.
24 Refer to Appendix B for information regarding the
source and construction of the data series used here.
25
In column (3), an entry of, for example, "+F1" indicates that the variable lags the cycle by one quarter;an
entry of "-2" indicates that the variable leads the cycle
by two quarters;and an entry of "O" means that the variable is most strongly correlated with contemporaneous
output.
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on its ability to replicate these key businesscycle facts; the value that is added by introducing labor-marketsearch can to some extent
be ascertained by comparing its performance
vis-a-vis the RBC model, which is nested
within the search model considered here.
The standard deviation of real per-capita
outputaroundtrendis 1.58 percent for the U.S.
economy, 1.22 percent for the RBC economy,
and 1.45 percent for the search economy.
Hence, the first thing to note is how the presence of tradingfrictions in the search economy
amplify the volatility of the business cycle: the
standard deviation of output increases by almost 20 percent. The RBC economy does well
in mimicking the behavior of consumption and
investment spending; labor-market search is
seen to have little impact on the behavior of
these components.
In the data, the aggregate labor input varies
almost as much as output, is procyclical, and
lags the cycle by a quarter.Most of the variance in hours is accounted for by adjustments
in employment rather than hours per worker;
the extensive margin is seen to fluctuate twice
as much as the intensive margin (see also Gary
Hansen, 1985). As well, note that while employment lags the cycle by one quarter,hours
per worker varies contemporaneously with
output. The search economy replicates these
features of the data remarkablywell. The only
deficiency appears to be with respect to generating a sufficient amount of variability in the
labor input: the search economy can account
for only two thirds of the variance in hours.
Nevertheless, the search model delivers a substantial improvement in this regard relative to
the predictions of the standardRBC economy.
The aggregate wage bill in the U.S. economy varies almost as much as output, is procyclical, and lags the cycle. On the other hand,
labor's share of output is countercyclical and
leads the cycle by a full three quarters. The
standard RBC economy cannot account for
this last feature, given that labor's share of income is constant in this environment. Note,
however, that the search economy is able to
replicate the countercyclical behavior of labor's share and its tendency to lead the cycle.
Unfortunately, the model underestimates the
extent of the lead and also fails to capture the
lagging behavior of the wage bill.
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Variable (x)

(1)
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PROPERTIES: U.S. ECONOMY AND MODEL ECONOMIES

U.S. economy

RBC economy

Search economy

(X(y) = 1.58

(X(y) = 1.22

(X(y) = 1.45

(3)

(1)

(2)

(3)

(1)

Consumption
Investment

0.56
3.14

(2)
0.74
0.90

0
0

0.34
3.05

0.90
0.99

0
0

0.32
2.98

(2)
0.91
0.99

(3)
0
0

Total hours
Employment
Hours/worker

0.93
0.67
0.34

0.78
0.73
0.66

+1
+1
0

0.36
0.00
0.36

0.98
0.00
0.98

0
0
0

0.59
0.51
0.22

0.96
0.82
0.66

0
+1
0

Wage bill
Labor's share

0.97
0.68

0.76
-0.38

+1
-3

1.00
0.00

1.00
0.00

0
0

0.94
0.10

1.00
-0.62

0
-1

Productivity
Real wage

0.64
0.44

0.43
0.04

-2
-4

0.64
0.64

0.99
0.99

0
0

0.46
0.39

0.94
0.95

0
0

Notes: a(y) is the percentage standarddeviation in real per-capita output. Column (1) is o(x)/o(y). Column (2) is the
correlation between x and y. Column (3) is the phase shift in x relative to y: -j or +j corresponds to a lead or lag of j
quarters.

The last two variables in Table, 1 are Productivity and the Real wage; these refer to the
average product of labor and the ratio of the
wage bill to total hours, respectively. In the
U.S. economy, the real wage is smoother than
labor productivity and both of these variables
display considerably less movement than
hours over the cycle. As well, the real wage
displays virtuallyno relationshipwith contemporaneous output, although the relationship
is somewhat stronger at a one-year lead
(-0.27). Laborproductivityalso leads the cycle, but unlike the real wage, this relationship
is positive (0.56). In the standardRBC model,
the assumed market structureis such that the
real wage is proportionalto the average product of labor; this model will not be able to
account for any differences that might exist
between the behavior of wages and productivity. The ratio of the volatility of hours to productivity is about 1.45 in the data. It is well
known that, given any reasonable value for the
elasticity of labor supply, the standard RBC
model dramatically underestimates the magnitude of this ratio; here, it is predicted to be
0.56.26 The search model, on the other hand,

26The indivisible-labor modification proposed by
Richard Rogerson (1988) and Hansen (1985) leads to a
considerable improvement in this dimension.

predicts a value for this ratio of about 1.28,
which is reasonably close to observation. Finally, note that the search model overestimates
the degree to which productivity and the real
wage are correlatedwith output (although the
correlationfalls somewhat, relative to the RBC
model). In light of the single disturbance afflicting this model economy, this last result is
not too disappointing; adding the government
spending shocks considered by Merz (1993)
would presumably improve matters along this
dimension. What is more disappointing is the
failure of the search model to mimic the leading behavior observed in productivity and
wages: this failure may be linked to the nature
of the model's propagationmechanism.
Table 2 provides a closer look at the relationship between hours, labor productivity,
and the real wage. In the U.S. economy, labor
productivity and real wages behave in an interesting and different manner.27In particular,
observe that hours are positively correlated
with past productivity, but negatively correlated with future productivity. Interestingly,
this pattern appears to be reversed for real

27 Note: it is well known that the measure for the real
wage used here may suffer from an aggregation bias resulting from cyclical changes in the skill composition of
the workforce. See, for example, Eswar Prasad(1993) and
Gary Solon et al. (1994).
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CORRELATIONS OF HOURS WITH PRODUCTIVITY AND THE REAL WAGE

x(t - 4)

x(t - 3)

x(t - 2)

x(t - 1)

x(t)

x(t + 1)

x(t + 2)

x(t + 3)

x(t + 4)

U.S. economy:
Productivity
Real wage

0.47
-0.25

0.43
-0.10

0.31
-0.01

0.10
0.01

-0.22
-0.13

-0.25
0.10

-0.27
0.19

-0.31
0.18

-0.36
0.09

RBC economy:
Real wage

-0.10

0.09

0.33

0.61

0.95

0.77

0.59

0.42

0.25

0.38
0.30

0.63
0.57

0.82
0.80

0.81
0.84

0.56
0.66

0.40
0.52

0.28
0.40

0.18
0.29

Variable (x)

Search economy:
Productivity
Real wage

0.14
0.05

wage. A priori, there are reasons for believing
that the search economy studied here may
account for such behavior. It is possible, for
example, that the asymmetric lead-lag relationship between hours and productivity reflects certain delays in responding to various
impulses: the search environment provides a
naturalrationale for the existence of such delays. Secondly, the direct link between productivity and wages is broken owing to
bargainingconsiderations:these two variables
may behave quite differently in the search
equilibrium.
Alas, the actual results are somewhat disappointing, although there are some bright
spots. To begin, the search model does in fact
generate a faint hint of asymmetry in the
dynamic correlation between hours and productivity: productivity leads hours and the
contemporaneous correlation drops to 0.81,
compared to the 0.95 predicted by the RBC
model. Again, it is reasonable to suppose that
the quantitative magnitudes at all leads and
lags would be much more in accord with the
data if some type of aggregate demand shock
were included in the model.28 On the other
hand, the predicted dynamic correlation between hours and the real wage appears to be
completely wrong. In particular, the equilibrium real wage behaves "too much" like labor

productivity.29Reflecting upon the form of the
wage rule in (24), perhaps this result should
have been anticipated;it is likely thatthe value
of a worker's outside opportunity adjusts in
the same direction as productivity in response
to a technology shock.
Table 3 displays statistics summarizing the
cyclical relationship between vacancies and
unemployment (actually, nonemployment),
which is sometimes referred to as the Beveridge curve. The first thing to note is the high
degree of persistence exhibited by unemployment in the U.S. economy; in fact, the search
economy performsvery well in mimicking the
dynamic patternof persistence. Secondly, observe that, in the data,job availability displays
a strong tendency to move counter to unemployment over the cycle and appears to lead
unemployment by a full quarter. The search
economy is able to match these patterns
reasonably well, although it appears to overestimate the lead in vacancies over unemployment. One dimension in which the search
model fails dramaticallyis its ability to replicate the observed volatility of job availability:
the percent standard deviation in vacancies
(not reported in Table 3) is over nine times
that of output for the U.S. economy. The
searchmodel studiedhere can account for only
about one third of this variance.

28 Examples include the preference shocks considered
by Valerie Bencivenga (1992) or the government spending
shocks considered by Lawrence J. Christiano and Martin
Eichenbaum (1992).

29 At least, this is true for the wage rule that implements
the Pareto-optimalallocation. It is conceivable that some
other equilibrium wage rule, based on the outcome of an
explicitly-formulatednoncooperative-bargaining
game, may
possibly yield very differentwage behavior.This issue is not
pursuedhere.
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TABLE 3-CROSS

Variable (x)

x(t

-

4)
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CORRELATIONS OF UNEMPLOYMENT WITH UNEMPLOYMENT AND VACANCIES

x(t

-

3)

x(t

-

2)

U.S. economy:
Unemployment
Vacancies

0.23
-0.39

0.46
-0.62

0.69
-0.82

Search economy:
Unemployment
Vacancies

0.20
-0.51

0.41
-0.65

0.65
-0.73

x(t

1)

x(t)

x(t + 1)

x(t + 2)

x(t + 3)

x(t + 4)

0.89
-0.92

1.00
-0.89

0.89
-0.72

0.69
-0.47

0.46
-0.21

0.23
0.02

0.87
-0.65

1.00
-0.19

0.87
0.05

0.65
0.17

0.41
0.24

0.20
0.27

As a final step toward assessing the quantitative importance of the propagation mechanism embedded in the search economy, I
pursue a line of enquiry originating with the
recent contribution of Cogley and Nason
( 1992). These authorsbegin by reviewing two
stylized facts concerning outputdynamics that
were first pointed out by Nelson and Plosser
(1982):
(Fl) There is a unit root or near unit root
in real output.
(F2) Outputgrowth is positively correlated
over short horizons and negatively
correlatedover longer horizons.
The question that Cogley and Nason ask is:
can RBC models replicate the Nelson and
Plosser facts? They demonstrate that any
model with persistent impulse dynamics can
replicate (Fl), but that to replicate (F2), a
model must also be able to propagate shocks
over time. Hence, the ability to replicate the
second stylized fact can be thought of as a
test concerning the quantitativeimportance of
a model's propagation mechanism. In examining the autocorrelation functions (ACF's)
for output of eight popular RBC models,
their principal results can be summarized as
follows:
(RI) For most RBC models, output dynamics are essentially the same as impulse dynamics.
(R2) Only the labor-hoarding model of
Burnside et al. (1993) is able to
match the sample ACF for output.
The first result highlights the fact that most
RBC environments are incapable of generat-

-

ing quantitatively-important propagation
mechanisms. Because labor-marketsearch induces a labor-hoarding motive for firms, the
second result suggests thatthe search economy
studied here may enjoy success similar to the
model of Burnside et al.
Consider first Figure 1. This figure plots the
ACF for output (GNP) growth and totalfactor-productivity (TFP) growth; the top
panel does so for the standard RBC model,
while the bottom panel does so for the search
economy studied above. The top panel confirms the first result reported by Cogley and
Nason, i.e., output dynamics for this model are
virtually indistinguishable from the assumed
impulse dynamics. On the other hand, the bottom panel reveals that the search economy
generates output dynamics that are substantially different than impulse dynamics; this
model embodies a significant propagation
mechanism. Furthermore, as is revealed by
Figure 2, the model's output dynamics are
broadly consistent with the pattern generated
by the U.S. economy, i.e., output growth is
positively correlatedat shorthorizons and negatively correlated at longer horizons.
IV. StructuralDisturbances
This section of the paper considers briefly
the quantitative implications of introducing
exogenous "structural" disturbances in the
search economy studied above. The analysis
here is motivated largely by suggestions put
forth by David Lilien (1982) as well as Steve
Davis and John Haltiwanger(1992) regarding
the macroeconomicimplicationsof structuraldisturbancesthatimpingedirectlyon an economy's
allocative mechanism (as distinct from disturbances that affect production technologies).
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FUNCTIONS:
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In the search model studied here, the efficiency of the economy's allocative mechanism
is captured by the technological properties
of the aggregate matching function. Changes
in this function can be thought of as reflecting, at least in part, the technological ramifications of various types of structural
disturbances.
Consider, for example, the following generalization of the matching technology:
(30)

mn= x,v'((l
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where resources are not instantaneously mobile across sectors. In the present context, a
sectoral shift would likely require a temporary
increase in the number of matches that must
form across sectors as opposed to within
sectors. If matching across sectors is relatively
more difficult, then a sectoral shock could
manifest itself as a decrease in the technical
efficiency with which matches are formed at
the aggregate level. Such an interpretation
is also consistent with the view offered
KatherineAbrahamandLawrenceKatz (1986).
James Medoff (1983) also describes how
"spurts in labor market imbalances" might
cause shifts in the Beveridge curve. Finally,
a decrease in Xt may also plausibly capture
the effects of what Davis and Haltiwanger
(1990 p. 3) call "changes in the intensity of
shifts in employment opportunities across
establishments." In what follows below, the
parameter Xt will be referred to as an "allocative" shock.
Given observations on { mt, vt, nt et ) and
an estimate for a, one may proceed as in
Prescott (1986) to back out the residual Xt.
Unfortunately,the search-effortvariable, et, is
unobservable: as a working hypothesis, it is
simply assumed here that et = e. Hence, some
care must be taken in interpretingmovements
in Xt as reflecting structural disturbances; in
particular, it is conceivable that much of the
measured movement in this efficiency parameter is caused by unobserved changes in the
search intensity of workers.Mattersare further
complicated by the fact that there does not appear to be any direct measure of aggregate
hires, mt, available. However, there is a newhires series available for the U.S. manufacturing sector for the period 1958:1-1981:12.3o In
what follows, Xt is computed under the assumption that the aggregate hiring rate is
proportionalto the hiring rate in the U.S. manufacturing sector.
Letting at = ln(Xt), the joint process goveming {z, at I is assumed to take the form

- nt)e)'-

where Xt varies over time according to some
exogenous stochastic process. According to
Lilien (1982), random shifts in the sectoral
composition of aggregate demand and supply
can have adverse consequences in an economy

3 The series label is NHR and is described as: New
hires per 100 employees, manufacturing,U.S., seasonally
adjusted. Source: Employment and Earnings, Bureau of
Labor Statistics.
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ity is that it reflects the behavior of search
intensity in response to a positive productivity
shock. The other possibility is that more reallocation is required(Xt falls) duringrecessions
and less (Xt rises) during booms. This latter
interpretation is consistent with the popular
idea that recessions tend to be periods of
'cleaning up."
The dynamic properties of the model are
now examined by recomputing the equilibrium with the joint process for {z, a, } embedded in the model. Assume that the innovation
to each shock lies in a two point set: ? E {-?,
s} andu E {-u, u}, s, u > Owith

Prob(e, u) = Prob(-e, -u)
Prob(e, -u)

o
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=

(1/2)w

=

Prob(-e, u)

=

(1/2)(1

01~~~~~~~~~~~~1
Zt+I

a, + I

=PI

+ PIllZt + P12at + set+I

P2 + P2 IZt+ P22at
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This system was estimated using data from the
1958.1-1981.4 time period."lThe initial estimation yielded 2-stage-least-squares parame-

terestimatesforPI2 andP21withtratiosaround

- 1; restricting these values to 0 had little effect on the remainingparameterestimates. The
point estimates of interest (for the restricted
and P22 = 0.85. In
version) are: pl = 0.96
addition, the standard deviations for the in-

novations{?s,

U}I

were 0.008 and 0.070, re-

spectively, with a coffelation coefficient of
0.48. Hence, both the technology shock and
the allocative shock are highly persistent. The
standarddeviation of the innovations to the allocative shock is estimated to be almost ten
times the size of the coffesponding innovations to the technological shock process.
Given the crude measurements available for
vacancies and hires, much of this variation
could sitiny be the result of measurementerror. The innovations are also estimatedto be
cotelated. There are at least two inpositively
devation.One possibilterpret heostadr

"' The Solow residual was computed using the data described in Appendix B. The capital-stock series used here
is from Andreas Homstein and Jack Praschnik (1994).
32 The t ratios were 71.77 and 15.91, respectively.

-

w)

and where 0 < w < 1. Under this specification,
each innovationhas a standarddeviation equal
to (?, u), respectively, and the correlationbetween the two innovationsis equal to (2w - 1).
Hence, set s = 0.008; u = 0.070 and w = 0.74.
Table 4 reports some of the implications for
labor-marketvariables from incorporatingallocative shocks into the search model. The
three columns reportthe behavior of the search
economy under three different specifications
for the standarddeviation in the innovation to
the allocative disturbance: u = 0.070, u =
0.035, and u = 0.010. The results of this experiment reveal that the search model now
performs considerably worse along several
margins with the inclusion of the allocative
disturbances.In model Ml, the behavior of aggregate hours appears to be closer to observation, but the components of the labor input
now behave quite differently relative to the
actual economy and the benchmark search
model. In particular,employment now fluctuates more than total hours, and hours per
worker behaves countercyclically. Reducing
the standarddeviation of the allocative shock
(models M2 and M3) mitigates this counterfactual behavior, but what remains true for
each specification is that employment and
hours per worker are predicted to covary negatively; in the data, these two variables are
positively correlated.
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TABLE 4-CYCLICAL

PROPERTIES: SEARCH ECONOMIES WITH STRUCTURAL DISTURBANCES

MI: u = 0.070
a(y) = 1.93
Variable (x)
Total hours
Employment
Hours/worker
Productivity
Real wage

MARCH 1996

M2: u = 0.035
or(y) = 1.78

M3: u = 0.010
a(y) = 1.67

(1)

(2)

(3)

(1)

(2)

(3)

(1)

(2)

(3)

0.85
1.05
0.29
0.40
0.34

0.92
0.82
-0.33
0.49
0.73

0
+1
+1
0
0

0.71
0.79
0.22
0.42
0.38

0.93
0.82
0.22
0.79
0.88

0
+1
+2
0
0

0.63
0.63
0.20
0.44
0.39

0.91
0.95
0.41
0.92
0.93

0
+1
-1
0
0

Notes: a(y) is the percentage standarddeviation in real per-capita output. Column (1) is u(x)/l(y). Column (2) is the
correlation between x and y. Column (3) is the phase shift in x relative to y: -j or +j corresponds to a lead or lag of j
quarters.

Evidently, when the model economy is subjected to (say) a negative allocative disturbance, the rate of job creation is affected
adversely, leading to a subsequent decline in
employment. Ceteris paribus, the decline in
employment leads to an increase in the productivity of labor (as the capital released by
firms is absorbedby remaining firms): exiting
firms would like to hire more workers, but this
is costly and takes time. In the meantime, firms
attempt to compensate for the decline in employment by working the existing workforce
harder, hence employment and hours per
worker tend to move in opposite directions.:
Of course, to the extent that an adverse allocative disturbance is accompanied by an
adverse technology shock, the incentive to increase hours per worker is reduced and may
even be reversed if the technology shock is
large enough relative to the allocative shock.
In the parametrizations above, however, the
effects of the allocative disturbancesappearto
swamp these technological considerations.
V. Summaryand Conclusions
Labor-marketsearch has been held by many
theorists as a promising framework from
which to study and to better understand the
nature of aggregate fluctuations. The purpose of this paper has been to evaluate the

" The same type of behavior is present in this search
economy when it is subjected to a stochastic separation
rate; the reason is similar to that above.

empirical content of a business-cycle theory
based on labor-market-searchconsiderations.
The quantitative results indicate that, when
labor-market search is incorporated into a
standard RBC model, the empirical performance of the model improves along several
dimensions. In particular,the search model becomes consistent with the observation that the
labor input fluctuates substantially more than
the real wage and that most of the variability
in aggregate hours is accounted for by cyclical
adjustments in employment rather than hours
worked per employee. Also, the search model
correctly predicts the countercyclical movement in labor's share and replicates the feature
that the real wage is "stickier" than labor productivity over the cycle. Furthermore, the
search model implies a lower contemporaneous correlation between productivity and
hours, with productivity displaying a slight
lead. A reasonable conjecture is that with the
inclusion of some aggregate demand disturbance, the search model would also be able to
account for the asymmetric pattern in the
dynamic correlation between hours and productivity. Finally, in contrast to the RBC
model (and several of its variants), the search
model embodies a quantitatively important
propagation mechanism in the sense that it
replicates the observed dynamic patternof output growth.
The search model also accounts reasonably
well for a number of business-cycle facts that
RBC models were not designed to address. In
particular,the model was able to replicate the
observed pattern of persistence in unemploy-
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ment and the Beveridge curve relationship
reasonably well. The model's most notable
shortcoming in this regard was in terms of
accounting for the observed volatility in
job availability; the model predicted cyclical
movements in vacancies that were substantially smaller than those displayed by the U.S.
economy. The other disappointing feature of
the search model was its inability to capture
the dynamic pattern of real wage movements
vis-a-vis movements in labor productivity. It
would be interesting to examine exactly what
modifications to the search environment can
possibly reconcile this discrepancy.
The search model studied here obviously
leaves out some important features of actual
labor markets. It is in this light that the results
reportedabove may be viewed as encouraging.
An extension worthy of consideration would
involve endogenizing the rate of job destruction. Work along this line is currently being
pursued by a number of authors, in particular,
see Mortensen (1993) and Merz (1993). Empirical investigations regarding the quantitative implications of search environments in
general-equilibrium settings are still at an
early stage. Whether the search paradigm will
prove itself as a useful econometric tool remains to be seen.
APPENDIX

A

This appendix outlines in greater detail a
simple institutional structurethat implements
the full-insurance result described in Section I
of the paper. Suppose that there is a distinction
between job and worker flows in the model. In
particular, job flows are governed by the
matching/separation process described in the
paper, while worker flows are determined exogenously by a game of "musical chairs."
That is, at the beginning of any period, n represents the number of jobs that can actively
produce outputduring the period. Imagine that
the entire workforce is "shuffled" randomly
across this given set of jobs at the beginning
of each period, before any trading occurs.
Hence, as far as the representativehousehold
is concerned, the probability of employment
in any period is given by 0 < n < 1.
Imagine that the insurance market operates
in the following way. At the beginning of each

period, households may choose to purchase y
units of insurance at a price q (s) per unit,
where y is the quantity of the consumption
good that is delivered to the household contingent on nonemployment during the period. In
each period, the representative household is
assumed to choose a level of insurance (y),
consumption (cj), investment (ij) contingent
upon the household's employment status j,
where j = 1 denotes employment and j = 2
denotes nonemployment.34The employmentcontingent period budget constraints faced by
the representativehousehold are
(Al)

cl + il + q(s)y c w(s)l(s)
+ r(s)x + d(s)

(A2)

C2 + i2 +

q(s)y c y + r(s)x + d(s)

where x denotes the household's capital holdings and d(s) represents the profits earned by
firms and redistributed to households in the
form of a dividend payment.35Also, the evolution of the household's capital stock must
obey:
(A3)

xj = (1-6)x

+ ij

for j = 1, 2.

From the viewpoint of an individual household, the relevant state is given by the vector
(x, s). Let V (x, s) denote the maximum utility
attainable by the representative household
given that it begins the period in state (x, s)
and behaves optimally. Then, under mild restrictions, there is a concave (in its first argument) value function V satisfying:
(A4)

V(x, s) = max { n [ U(c1) +
CJ,iJ,XI,y

" Recall that l(s) is determined separately by the bargaining process.
" That is, each household is assumed to hold a single
share in a fully diversified portfolio of claims on the profits
earnedby firms. The marketfor these shares is suppressed
since, given the representative-agent framework, these
shares will not be traded in equilibrium.
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+ (1

-

+ 42H(

n)[U(c2)

+/ EGV(X2,S')]

-

e)

}

where the maximization is subject to the constraints (Al) and (A2). The solution to this
dynamic programming problem will be a set
of policy functions (cj, ij, X, y), which prescribe the household's optimal action given
any particularstate of the world, and a value
function, V, which returnsthe maximum utility
of such an action.
Substituting the constraints (Al) and (A2)
into the objective function (A3), the maximization may be undertaken with respect to
the choice of xJ, and y. The first-ordernecessary conditions are given by
(A5)

U'(cj) =JEGVI (x

(A6)

nq(s)U'(cl)

s' )
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Inserting (A7) into (A6) yields U'(cl) =
U' (c2), which, given the strict concavity of U
implies that cl = c2. That is, the household
insures itself in a manner that guarantees an
equal level of consumption across possible
states of employment.36This being the case,
then the concavity of V together with condition
(A4) implies xl = x2, which in turn implies
(using condition (A2)) that il = i2. Because
the budget constraints will, in equilibrium,
hold with equality, the conditions above combined with (Al) imply that y = w(s)l(s). In
other words, households will choose to insure
themselves fully.
The notation used to distinguish employment status may be eliminated; the solution to
the household's problem may be characterized
in terms of two functions, (f, g) satisfying

j = 1, 2
(A8)

U'(f (x, s)) = /EG(1 + r(s')

-)

x U'(f(g(x,S),S'))
=

(1

-

n) (

-

q(s))U'(c2).

The conditions (A5)-(A6)
may be interpreted as follows. A household contemplating
a one-unit increase in its future capital holdings must forego one unit of currentconsumption: the loss of utility is given by U' and the
(discounted) expected gain in utility by fEVI.
Condition (A5) states that the consumptionsavings choice will be made in a manner that
balances these two margins. Condition (A6)
determines the level of insurance chosen by
the household. Buying one more unit of insurance ends up costing q (in units of consumption) if the household is employed and ( 1 q) if nonemployed. Condition (A6) equates
the expected marginal cost of insurance,
to its expected marginal benefit,
nqU'(cl),
(1 - n)(l - q)U'(C2)The expected profits of a representative
insurance company are given by: q(s)y (1 - n)y (revenue minus expected payout).
Competition in the insurance market implies that the equilibrium price adjusts to
eliminate profits; the price a household
must pay for insurance will equal the probability that the household collects on the
insurance:
(A7)

q(s) = (I -n).

(A9)

f(x,s)+g(x,s)=
+ w(s)nl(s)

(1 +r(s)-6)x
+ d(s)

where the right-handside of condition (A8) is
derived from an application of the envelope
theorem on equation (A3). Condition (A8) is
the standard Euler equation that governs the
intertemporal allocation of consumption and
condition (AIO) is the budget constraint. In
equilibrium, households will have identical
capital holdings, i.e., x = k. Furthermore,in
equilibrium, c = f(k, s) and k' = g(k, s);
substitutingthese relations into (A8) and (A9)
results in the pair of equations (25) and (26)
which were used in the text to characterizethe
behavior of the household.
APPENDIx

B

The data used in this study are real aggregate data of the United States for the sample
period 1954:1-1990.3; the source is Citicorp's citibase data bank.

36 This result is an artifactof our assumption regarding
the separability of consumption and leisure in the utility
function.
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A. Raw Data Series
[1] GCN82: Personal consumption expenditures on nondurables (1982 dollars).
[2] GCS82: Personal consumption expenditures on services (1982 dollars).
[3] GCD82: Personal consumption expenditures on durables (1982 dollars).
[4] GGE82: Governmentpurchasesof goods
and services (1982 dollars).
[5] GIF82: Gross private domestic investment, fixed (1982 dollars).
[6] LHEM: Total employment (seasonally
adjusted).
[7] LHCH:Average hours of work per week
(household data, seasonally adjusted).
[8] LHUR: Unemployment rate, all workers
16+ (seasonally adjusted).
[9] LHELX:Employmentratio (help-wanted
ads divided by the number of unemployed workers).
[10] LHPAR: Labor force participationrate,
total 16+.
[11] P016: Noninstitutional population, total
16+.
[12] GAP: Compensation of employees, all
industries.
[13] GDY: Implicit price deflator, national
income.

B. ConstructedData
Consumption = ([1] + [2] + [4])
4
Investment = ([3] + [5]) . [11].

[11].

Output = consumption + investment.
Hours=
[6] X [7]
[11].
Employment = [6]
[11].
Hours per worker = [7].
Productivity = output - hours.
Vacancies= [9] X [8] X [10].
2
[13] + [11].
Wage bill = [12]
Labor's share = wage bill
output.
Real wage = wage bill . hours.
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