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The thrust of recent research in macroeconomics has been to develop
general equilibrium models that confront aggregate behavior. These develop-
ments have taken two primary forms. One has been to show that dynamic com-
petitive equilibrium models, while incapable of confronting the apparent
existence of unemployed labor, can account for most other salient aspects of
business cycle behavior,EI The other has been to develop models with pri-
vately informed agents to provide an explanation for the appearance of an
"excess supply" of lavor.2/ date, little of the latter research has fo-
cused on any cyclical aspects of the behavior of aggregate labor markets or of
the economy in general.éf Hence these two strands of general equilibrium
macro modelling have largely diverged in terms of the issues that have been
addressed.

A natural question, then, is whether models of privately informed
agents can explain observed unemployment and, at the same time, do as well as
existing dynamic competitive equilibrium models in terms of confronting other
important features of the business cycle? Moreover, in order for the compar-
ison between the two approaches to be "fair," a mpdel with private information
should be constructed in which the level of abstraction and the degree of
structure placed on the model is similar to what is standard in the dynamic
competitive equilibrium approach. The purpose of this paper is to show that a
simple, fully specified general equilibrium model with private information can
confront the presence of unemployed labor, and simultaneously can confront
essentially the same set of business cycle observations as can the best (cur-
rently) developed competitive models. Moreover, this is true even though a
great deal of structure is placed on the model by requiring it to be consist-
ent with a wide range of observations on aggregate behavior in the postwar

U.S. econony.
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What are the important cyclical features that the model here (as
well as competitive models lacking private information) must confront, then?
Considerable consensus seems to exist that a good cyclical model must be
consistent with two salient facts. First, the observed variance of employment
about either a trend or a conditional mean 1is quite high relative to the
variance of real wage rates (or productivity) about trend (or about a condi-
tional mean). This is a feature of observed behavior in a number of developed
postwar economies.-l-'—/ Second, deviations of hours and output from trend dis-
play large positive serial correlation. Hence, business cycle models must
address the wvariability of employment relative to the real wage, and the
persistence of output and employment fluctuations.

Moreover, a good business cycle model should do this in a way which
is consistent with micro evidence on the labor supply behavior of individ-
uals. In particular, it has been widely remarked that micro evidence is
inconsistent with the kinds of co-movements required in hours and real wages
for consistency with aggregate data. As stated by Ashenfelter (1984, p. 150),

The average labor supply elasticity must apparently be

quite large to square up these hours and wage rate move-

ments, while the available estimates of its slope that I

have surveyed are, in fact, very small. The basic empir-

ical problem seems to be that within the life-cycle, the

person-specific correlation between hours and wages is

simply too small to explain the time series movements in

average hours relative to the time-series movements in

average wage rates. The intertemporal substitution hy-

pothesis originally advanced by Lucas and Rapping was, of

course, precisely the suspicion that this was not the

case.,

Of course, existing competitive models do largely rely on an intertemporal

substitution mechanism. However, the existing evidence against such a mechan-

ism is quite strong..s—/ Thus, it should be the case that business cycle models
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require neither large observed elasticities of labor supply, nor a strong
intertemporal substitution mechanism to explain cyclical variation.

The analysis here will produce a model consistent with unemployment
of labor, with the high relative variability of employment, and with observed
persistence. Moreover, it will do so in a way that is consistent with the

micro evidence cited above, and with the following additional cyclical reg-

ularities,

(1) There is a strong positive co-variation between aggregate hours
movements and measured real wage movements.éf

(2) Similarly, average productivity is pro-cyclicalrlf

(3) Wage dispersions (defined in almost any manner) decline at cyclical
peaks .Q/

(4) Changes in relative employment across '"sectors" are an observed

cyclical phenemenon.gj
Finally, any model of the cycle should be consistent with the secular observa-
tion that long periods of upward trends in real wages are observed while no
similar trend (or perhaps a downward trend) is observed in hours worked per
capita by labor force members. Also, a model with a heterogeneous work force
should be consistent with the casually stated "observation" that relative
wages across occupations are an important "determinant" of labor market be-
havior.lg!

Having stated the objectives of this exercise, we now briefly de-
scribe the form it takes. An overlapping generations model is presented in
order to generate a time series. Within each generation there is a heter-

ogeneous workforce and a set of firms with access to a technology for convert-

ing labor and capital into a single consumption good. Workers differ in terms
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of their ability to convert labor and capital into this good. Each worker is
privately informed about his own productive abilities., This, then, is a
fairly standard adverse selection model with an additional twist: firms must
make decisions about how to allocate capital among different workers.

As in other adverse selection settingsEl firms are viewed as im-
perfect Nash competitors in labor markets. As is well known, then, in equi-
librium firms induce workers to self-select by offering a range of contracts
for workers to choose among. In the sequel, contracts take either of two
forms; either a contract specifies a wage rate and a level of employment or it
specifies a wage rate and a probability of being employed "full-time" (with
the alternative being unemployment). If the model is structured appropriate-
ly, the necessity of inducing self-selection will imply that some workers are
either underemployed or unemployed (depending on the type of contract consid-
ered). Hence the analysis 1is consistent with the existence of unemployed
labor.

In order to generate cyclical behavior, the technology of our econ-
omy is subject to some random aggregate disturbances. Thus the approach here
is to produce a "real business cycle" model in the manner of Kydland and
Prescott (1982). It is then shown that models in the class at hand can gener-—
ate all of the cyclical behavior discussed above. Moreover, they can do so in
an "empirically reasonable" manner, where something should be said about how
this term is used. No estimation theory has been developed for the type of
model under consideration here. Therefore, we proceed in the manner of
Kydland and Prescott (1982). In particular, a fully articulated general
equilibrium model is presented in a parametric form. A set of observations is

then produced to be used in "calibrating" parameters of the model. These
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observations, to be listed below, are similar in number to the number of model
parameters, so that they substantially restrict the set of possible parameter
choices. It is then shown that, with the model calibrated by using observa-
tions not related to intertemporal correlations, the model is consistent with
a high degree of serial correlation in the deviations of per capita hours and
output from trend. Finally, we then show that these results are not model
specific, in that they will emerge from a fairly general class of economies.
Moreover, we show that the model is not sensitive to assumptions about either
the timing of certain events, or about what actions are generally observable
by agents in the model.

As a final remark, it may seem strange to use an overlapping genera-
tions model to examine business cycles. This is a convenient modelling strat-
egy here, since it permits us to avoid dealing with a multi-period incentive
problem., However, we will show that here the overlapping generations struc-
ture is more than an analytical convenience. In particular, it will be demon-
strated that one can, indeed, take each "period" in the model to be roughly a
generation, and that the model is still consistent with all of the features of

postwar business cycles cited above.

I. The Model

A. The Environment

We wish to consider a model which generates an arbitrarily long time
series of observations, but at the same time to avoid the complication of
multi-period incentive problems. Thus, we construct a model which consists of
a sequence of two period lived overlapping generations. Within each genera-
tion there is a heterogeneous set of privately informed workers who work only

when young, and are thus retired when old. Hence each individual is in the
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workforce only once, so that multi-period incentive problems are, in fact,
avoided here. Also, each generation contains a set of firms, who have access
to a technology for converting labor and capital into a single produced con-
sumption good.

Let time be indexed by t =0, 1,. «+ . . At each date there is a
working young generation and a retired old generation. 01d agents have accum-
ulated capital, which they rent to firms. In addition, each generation is
identical in size and composition. Hence we focus on stationary states in
what follows, and references to time will typically be omitted. Finally,
while it is not necessary to be too specific on this point, to fix ideas we
may think of there being a fixed and countable set of firms in each generation
as well as a continuum of workers.ia_’/ Let workers be divided into two types
(to be described below), with type indexed by i = 1, 2. All workers of type i
are identical, and let p be the proportion of each generation's workforce that
is of type 1.

Rather than laying out a general setting in the remainder of this
section, we adopt the following strategy. A parametric example is described
which has the following features. First, under full information, all econo-
mies in this class are incapable of generating nontrivial cyclical behavior in
labor markets. Secondly, though, under private information the mpdel performs
roughly as well as comparable (but more complex) dynamic competitive mdels-}'—s-/
at confronting salient features of postwar U.S. business cycles. The reasons
for focusing first on a class of examples is two-fold. Obviously, this per-
mits a simple presentation of the role of private information in generating
interesting cyclical behavior here. 8econdly, though, since the economies we

consider are dynamic models with nontrivial randomness and capital accumula-
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tion, except under special circumstances they would give rise to nontrivial
cyclical behavior even under full information. It is useful to begin, then,
by presenting special economies which avoid this in order to highlight the
role of asymmetrically informed agents.

Prior to describing this class of examples three comments are in
order. First, we make a very special assumption on the form of technology.
This is not important for the results obtained, and permits considerable
simplification. All that is really needed is that we specify a technology
consistent with the observed empirical regularity that increases in the capi-
tal stock in specific sectors, ceteris paribus, reduce wage differentials
[Reder (1962)]. Second, preferences are specified in a way which makes sav-
ings behavior very special. This provides considerable simplification (per-
mitting explicit closed form solutions for the example economies), and is
consistent with the empirical observation that constant ex ante real interest
rates are a reasonable approximation to what we observe [Fama (1975)]. Third,
it may seem unusual to build a business cycle model based on an overlapping
generations structure. However, we argue below that this structure can be
taken seriously here, so that one may, in fact, think of a period as a gener-
ation. With these comments in mind, we now proceed to a description of the

economies we will be working with.

Technology

A type 1 worker produces wl(s) units of the consumption good per
unit time, where s is the current period productivity shock, and my(s) is a
scalar. Notice, then, that capital does not augment the output of type 1
workers. Therefore, it will be convenient to measure the capital stock in

terms of accumulated capital per type 2 worker. Let k be this quantity. Then
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a type 2 worker providing L units of labor, and combined with k units of
capital, produces the single consumption good according to the production

BLl_e; 8e(0,1). Again my(s) is a scalar productivity para-

function nz(s)k
meter that varies with the current aggregate shock s. The current period
state of the economy, then, is completely described by the vector (s,k), the
current shock along with the inherited capital stock.

It remains to describe the process generating s. We adopt here the

simplest possible specification: +the productivity shock is a two state Markov

chain with transition matrix

p(1) p(2)

1-p(1) 1-p(2)

Hence s ¢ {1,2}, and p(s) is the probability that s' = 1 conditional on s,
where s' denotes next period's state. It will also be convenient to have a

notation for last period's state, which we denote S.

Preferences and Endowments

Each worker has an endowment of one unit of time when young to be
allocated between labor and leisure. Workers have no endowment of the good at
any date, and no endowment of labor when old. Let L denote hours worked,
L € [0,1], and 1let cy denote age j consumption; j = 1, 2. When we want to
distinguish between agents of different types, we will employ the notation i
and Li'

The preferences of type 2 workers are summarized by the utility
function Uy(eq,c5,L) = 2 ¢y + 2n(1-L). Hence type 2 agents care only about
what happens to them when young. Type 1 agents have preferences described by
Uj(eqsep,L) = ¢y + Bey, + ¢an(1-L), and, of course, these agents have the

endowments described above. ¢ is restricted by the following:
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L & [0,1/2], ¥ % wl(s); 8 = 1, 2, This restriction guarantees that if any
agents are "off of" their labor supply curves any equilibrium will be asso-
ciated with unemployment of labor. (1) implies further that at any (y,L) pair
such that y < nl(s)L, and such that L < 1/2, type 1 agents value incremental
leisure relatively more than do type 2 agents. ©Such an assumption is plausi-
ble under the following interpretation. Suppose the model here to he derived
from an underlying model of home production. Hence workers have the option of
producing either at home or in the marketplace. Suppose also that all workers
have identical preferences over home-produced and market-produced commodi-
ties. Then (1) simply asserts that type 1 workers, who in equilibrium will be
more productive in the workplace than type 2 workers, are also more productive

at home over some relevant subset of income-leisure pairs.

Savings and Insurance

It is assumed that no storage of goods is possible except via capi-
tal accumulation. Also capital depreciates entirely in its period of
use.lhj Hence the return to capital is simply the rental rate on capital. At
the time savings decisions occur, then, the (uncertain) rental rate next
period is r(s',k'), where k' denotes next period's capital stock. The func-
tion r(s,k) is known to all, and savers behave competitively.

Borrowing and lending is not precluded here. Insurance markets are,
for the following reason. We assume that young agents appear on the scene
after the realization of the current period state. Hence insurance sales are

precluded for the current period. Moreover, type 2 agents do not care about

old age, and type 1 agents are risk neutral with respect to old age consump-
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tion. Firms are also assumed to be risk neutral, so that again there is no
role for insurance markets. Below we show that a lack of insurance markets is

not crucial to the results we obtain.

Information

Each worker knows his own type, but this is private information ex
ante. As already indicated, each worker's contribution to output is unobserv-
able. At this point, we also assume that savings behavior is unobservable.
This assumption is relaxed below. Finally, the current period state (s,k),
the Markov transition matrix, and all current prices are common knowledge at

each date.

B. Agents' Behavior

Workers

There are two aspects to workers' behavior; an employment decision
and a savings decision. It is best to describe employment decisions after
describing firm behavior. However, savings decisions can be easily de-
scribed. Clearly type 2 workers do not save (or borrow). Then all capital
accumulation is carried out by type 1 workers. Let y(s,k) denote the capital
accumulated by a representative type 1 agent as a function of the current
period state. Then for any given level of current period income yl(s,kJ,

y(s,k) solves the problem

' '
max c, + BEscz(s X! )

subject to

c, + v(s,k) < ylts,k)

c,y(s',k') < v(s,k)r(s',k'),
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where Es denotes the conditional expectation taken with respect to s'. Writ-
ing the maximand as a function of yl{s,k), y(s,k), and r(s',k'), we see that

y(s,k) is chosen to maximize the expression

y,(s,k) + g{p(s)r(1,k(s)]+[1-p(s)]r[2,k(s)]}v(s,k).
Hence in equilibrium, we must have
i

(2) p(s)rl1,k(s)] + [1-p(s)]r[2,k(s)] = 8~

where k(s) = Y(s,k)(lﬁﬁ), i.e., k(s) is the future capital stock (per type 2
worker) implied by y(s,k). (It should be clear from (2) that it is appropri-

ate to write capital accumulation as a function of s alone.)

Firm Behavior

Recall that firms here have access to a technology for converting
labor and capital into the consumption good. Moreover, there are constant
returns to scale in a dual sense: the production function for each individual
worker displays constant returns to scale, and output is additively separable
across workers. This will make an equilibrium easy to characterize.

It is assumed here that firms behave competitively in a rental
market for capital, i.e., firms make a capital rental decision taking r(s,k)
as parametric. In addition, firms are assumed to be imperfect competitors in
labor markets. Hence we follow Hart (1982) in using a model of an imperfectly
competitive labor market to examine macroeconomic issues. In the model here,
however, the Nash equilibrium we examine coincides with a competitive equi-
librium in the absence of private information.

Firms, then, are viewed as operating in the following manner in

labor markets. Each firm, taking the actions of other firms as given, an-
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nounces a set of contracts with each contract consisting of a wage-hours
pair. In particular, if a firm's contract offer is accepted by any workers
one of the following will occur: only type 1 workers accept the contract
offered, only type 2 workers accept the contract, or workers of both types
accept the contract. Hence we may focus on firms which offer (at most) two
contracts denoted [Wi(s,k),Li(S,k)]; i =1, 2. A contract specifies a wage
rate to be paid any worker accepting it, and a number of hours the worker will
be employed. Without loss of generality the contract [wi(s,k),Li(s,k)] will
be accepted (if at all) by type i workers. Hence if a firm announces a con-
tract pair such that (wl,Ll) # (wy,Ls), it hopes to induce self-selection of
workers by contract accepted. If a contract announcement is not meant to
induce workers of different types to accept different contracts, we adopt the
notational convention (wl,Ll) = (wz,La).

Since firms do not directly observe the type of any worker, firm
contract announcements must be incentive compatible, i.e., satisfy the self-

selection conditions

(3) U, [w,(s,k)L,(s,k),1-L,(s,k)] > U, [wy (s,k)L, (s,k),1-L, (s,k)]

1

(%) v, (s,k)L; (s,k) + ¢aa(1-L,(s,k)] > w,(s,k)Ly(s,k) + ¢an[1-L,(s,k)],

s € {1,2}, for all equilibrium values of k, where (4) is the appropriate self-
selection condition in light of the assumed form of type 1 preferences, and
where we have taken note of (2). Notice that contracts are announced with
full knowledge by all parties of the current period state (s,k)s Finally, we
impose one additional restriction on announced contracts which is quite common
in analyses of this type.léj In particular, we require that each announced
contract at least break even given the set of workers accepting it. Hence

contracts must satisfy
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(5) v, (s,k) < m(s)
(6) W (8,0L5(5,k) < my(s )k %y (5,5) 170 = r(s k)

if (wy,L;) # (wp,Lp). We discuss what occurs under a pooling contract below,
but we may note now that in equilibrium announced contracts must induce self-
selection. Hence (5) and (6) are the relevant restrictions here.

Finally, it will be noted that firms are restricted to pure strate-
gies and that we do not allow firms to offer contracts which consist of wage-
employment lotteries. Neither of these assumptions is important to the re-
sults obtained, and the latter is relaxed below.

We conclude by completing our description of worker behavior. Given
the set of announced contracts each worker accepts the announced contract he

most prefers within that set.

IT. Equilibrium
A. Definition

As indicated above, firms operate in a competitive rental market for
capital. Given the current rental rate on capital r(s,k), then, each firm
chooses a quantity of capital to be applied to each worker and announces a set
of contracts subject to (3)-(6). At this point, we will assert that self-
selection occurs in equilibrium (which will be discussed further below).
Hence firms will apply no capital to type 1 workers. Further, let y(s,r)
denote the desired amount of capital firms wish to apply to type 2 workers.

Then a stationary Nash equilibrium here may be defined as follows.

Definition. A stationary Nash equilibrium is a set of announced contracts
{[w;(s,k),L;(s,k)]}; 1 =1, 2, satisfying (3)-(6), a set of values r(s,k), and

a set of values k(s) such that
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(i) r(s,k) and k(s) satisfy (2).
(ii) r(s,k) is such that
(1) ¥{s,r(s,k(s)]} = k(s)

¥ s, s, i.e., capital markets clear.

(iii) Given the current value r(s,k) and given the announced contracts of
other firms, no firm has an incentive to change y(s,r) or its own

announced contracts (given that all announcements are subject to (3)-

(6)).

In light of the constant returns to scale assumption, it is clear
that any equilibrium must satisfy a number of no surplus conditions. These
will be discussed below. Also, any equilibrium displays self-selection of
workers by contract accepted. To see this fix the choice of capital rentals
for each firm, and then notice that assumption (1) allows the standard
Rothschild-Stiglitz (1976) argument to be employed that shows that any equi-
librium mist display self-selection of workers.

Two last points should be made here. First, given the assumed form
of preferences in this section, it is a real restriction to prevent firms from
employing contracts consisting of wage-employment lotteries.léj In Section IV
helow, however, this restriction is relaxed to show that our results do not

depend upon it. Second, as in Rothschild-Stiglitz (1976), no equilibrium in

pure strategies need exist here. Existence issues are discussed below.
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B. Equilibrium Contracts and Capital Stocks

Since any equilibrium mst display self-selection, we begin by
discussing what contracts, if any, will constitute equilibrium contracts.
Section C then discusses when an equilibrium will exist.

As mentioned above, a number of '"no surplus" conditions must be
satisfied in equilibrium. Given that self-selection also occurs, it is easy
to lay out these conditions. First, clearly (5) and (6) hold with equality.
Then, in light of this fact, we claim that [wo(s,k),Lo(s,k)] and y(s,r) solve

the following problem:
max U2[wz(s,k)Le(s,k),l-Lz(s,k)]

subject to (6) by choice of Ly(s,k) and y(s,r), with r(s,k) parametric. Given
the assumed form of Up(-), and given that (6) holds with equality, this maxi-

mization problem may be written as
) 1-0
max £n[n2(s)¢ La(s,k) -yr(s,k)] + £n[l—L2(s,k)]-
This problem has the following solution:

(8) L,(s,k) = 1/2 ¥ s,k

2
(9) W(s,r)r(s,k) = omy(s)w(s,r) % (s,K) "% = ey (s)(1/2)%u(s,r) O,

Also, since we have capital market clearing in equilibrium, we may rewrite (9)

as

~

(9') k(s)r(s,k) = 6u2(s)k[§)a(1/2)l*e.

This, of course, is equivalent to the standard marginal productivity condition
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(9" rls,k) = emy(s)(1/2)" %>

Also, we may infer the wage rate received by type 2 agents from a standard

marginal productivity relation:

(10) (s,k) = (1-a)n2(s)(1/2)‘3k9.

Yo
The reason why the firm's equilibrium choice of capital and its
equilibrium contract solve the maximization problem Jjust described is as

follows. As should be clear, the self-selection condition (4) can never hold

with equality in equilibrium so long as parameter values are chosen to satisfy
(11) ﬂl(S) & (1—8)112(3)(1/2) (s)

¥ s, 8, with k(s) chosen to satisfy (9") and (2). This is because, under
(11), wy(s,k) > wp(s,k), and hence type 1 workers will have no incentive to
select type 2 contracts. Then, since (4) does not bind on firms' choices of
contracts, an absence of rent opportunities dictates that firms mst choose
capital inputs and [wz(s,k),Lz(s,k)] to maximize the utility of a type 2
worker born in state (s,k). In particular, if this were not the case, some
firm could make a (possibly) different choice of capital input and choose
[wo(s,k),Lo(s,k)] so as to increase type 2 utility, and simultaneously to
satisfy (6) with striet inequality. This would attract all type 2 workers and
earn a profit. Hence any other choice of capital and wage-hours contract
could not be an equilibrium choice.

Now consider [wl(s,k),Ll{s,k)]. Since (5) holds with equality,

wi(s,k) = m(s). Then we claim that Li(s,k) solves

max nl(s)Ll(s,k) - ¢£n[l-Ll(s,k)]
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subject to (3).11/ Given the assumed form of preferences, (3) may be written

as
(12) £n(l/2)w2(s,k) + gn(1/2) > £nlwl(s,k)Ll(S,k)l + En[l—Ll(S,k)],

% (s,k), where we have used (8), and where wy(s,k) is given by (10).
In the maximization problem Jjust set out, (3) may or may not be

binding. Then define

L *(s) = argmax m ()L + ¢an(1-L).
Then
(13) L *(s) = 1 - ?-?457

1

where ¢ and the values m,(s) are chosen so that an interior solution ob-
tains. Then using wl(s,k) = wl(s), (10), and (12), (3) binds in our maximiza-
tion problem iff

0 ~\ B 2
(1k) (1/4)(1-8)2 . (s)k(s) " < ¢ -'—ir—ya

2 ™ s

where k(S) satisfies (2) and (9"). (1L4) is henceforth assumed to hold for all

s, S (i.e., parameter values are selected to guarantee (1L)).

If (14) holds then [wy(s,k),Ly(s,k)] is given by wi(s,k) = m(s),

and by (12) at equality.igf (12) at equality may be rewritten as 19/
w_(s,k)
= 2'7\1/2
(15) Ll(S,k) = (1/2) [1-(1- v (5K ) i

Again it is easy to see that the above must be the equilibrium type
1 contract. In particular, type 1 agents must receive the most preferred

contract for them consistent with their employers earning zero profits, and
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with self-selection constraints being satisfied. Otherwise, there would exist
a preferred contract for type 1 agents which was consistent with self-
selection, and which was profitable when offered.

Having described what equilibrium contracts and choices of capital
inputs must be like, our description of equilibrium can be completed by stat-

ing what is required for (2) to be satisfied. Using (9") in (2) we obtain

(16) k(5)'7° = go{p(3)my(1)+[1-p(8) I m,(2)} * 5,
-(1-8)

where & = 62 . This and y(s,r) = k(S) completes our description of the

equilibrium capital stock.

C. Existence of Equilibrium

The contracts described above are such that [w,(s,k),Ly(s,k)] (along
with the choice y(s,r)) and [wl(s,k),Ll(s,k)] are the maximal contracts for
type 2 and 1 agents (respectively) consistent with self-selection and with (5)
and (6). Thus, there are no alternate contracts (or alternate choices of
capital inputs plus contracts) which are consistent with self-selection, with
(5) and (6), and which any workers prefer to the contracts derived above.

Now consider why an equilibrium might fail to exist. There are two
reasons. First, clearly the values k(S) which satisfy (16) must obey
Qliﬁ)f(s) = y(s,k) < wl(s,k)Ll(s,k). Otherwise required equilibrium savings
levels would result which violate type 1 agents' budget constraints. Param-
eter values are henceforth selected to guarantee that this condition is satis-
fied., Second, given that all firms announce the contracts described in the
previous section, some firm may have an incentive to offer some other set of
contracts (and possibly choose a different capital stock). Since the con-

tracts derived above were maximal for each type of agent among the set of
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contracts (satisfying (5) and (6)) that induce self-selection, any contract
that is capable of attracting any workers must therefore be a pooling con-
tract. We now describe what a pooling contract would involve, and what would
be necessary for such a contract to attract any workers in a profitable man-
ner.

Under a pooling contract obviously all workers work a common hours
level L(s,k) and receive a common wage rate w(s,k). Moreover, as all workers
appear identical from the point of view of a firm offering a pooling contract,
all workers must be allocated the same quantity of capital. Let y denote the
firm's choice for a level of capital input. Finally, since firms operate in
competitive rental markets, we have the following. Suppose all firms ini-
tially offer the contracts and make the capital input decisions described in
the previous section. Then the prevailing rental rate on capital is given by
r(s,k) = Bﬂz(s)(l/2)1'eke‘l. A firm wishing to offer a different contract
(and possibly to change its capital rental) takes this rental rate as given.

The issue of existence of an equilibrium is now quite similar to
that discussed by Rothschild and Stiglitz (1976). However, here there is one
additional twist. In particular, the information generated by sorting permits
capital to be allocated efficiently. If sorting does not occur then type 1
agents receive the same levels of capital inputs as do type 2 agents. In our
context this amounts to a throwing away of resources. This will make exist-
ence easier to obtain here than it is in the Rothschild-Stiglitz setting.

Formally, then, consider a pooling contract [w(s,k),L(s,k)] offered
by a firm choosing per worker capital input ¢. Since workers are indistin-
guishable, ¢ is allocated evenly among all workers. If the firm attracts

workers in their population proportions, then, fraction u of this capital



-20

input is allocated to type 1 workers. This 1is completely unproductive.
Fraction (l1-p) is allocated to type 2 workers. Hence with common hours level
L(s,k) and with a per worker capital stock of y, type 2 workers (per person)
produce 12(8)[(l—u)¢]6L(s,k)l"B units of output. Hence per worker output is
given by um (s)L(s,k) + {l-u)nz(s)[(l-u)wleL(s,k)l'e, and firm profits are

nonnegative iff
(17) umy ()L0s,k) + (1-wmy(s) [(1-w) 9] *Lls, 1) ™0 = r(s,K)y
- w(s,k)L(s,k) > 0.

Now a pooling contract will attract type 1 workers only if it is
preferred to the separating contract derived in the previous section. Here we
wish to derive sufficient conditions for an equilibrium to exist. Hence we
consider the maximal pooling contract for type 1 agents and examine when this
contract is preferred by type 1 agents to the separating contract derived
above. Now the optimal pooling contract for type 1 agents solves the problem

max w(s,k)L(s,k) + ¢an[1-L(s,k)]

O<L(s,k)<l

o<y
subject to (17), where this is the appropriate maximand since the values
r(s,k) satisfy (2). Substituting (17) (at equality) into the maximand, then,

we obtain the unconstrained problem

)1+G )1-6

(P) max  wmy(s)L(s,k) + (1-p) 7" %0 (s)¢%(s,k

0<L(s,k)<1
o<y

- r(s,k)y + ¢an[1-L(s,k)].

The optimizing solution for § as a function of L(s,k) and r(s,k) is
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nz(s) S

)1+B
1-0

8(1-p

¢,= L(S,k)[ I“(S,k)

Substituting (18) into the problem (P) gives us a maximization problem defin-

ing L(s,k):
1 ] 1L

max  L(s,k) {um (s)+[(1-0) "0 ()r(s,0) 01061700170
0<L(s,k)<1

+ ¢ 1n [1-L(s,k)]

with r(s,k) = 8112(5)(1/2)1"61:8"1. Let L*(s,k) denote the maximizing value of
L(s,k). Then L*(s,k) is the optimal pooling contract for type 1 agents which
at least breaks even. Hence no pooling contract exists which can attract type

1 agents in a profitable manner if

() (2
(19) m, (8)L (s,k) + ¢an(1-L, (s,k)] > L¥*(s,k) {um, (s)+[0 -8 ]
1

= )
. [(1-u)l+e1r2(s)] = [r(s,k)] =

} + ¢an[1-L*(s,x)]

¥ s and for all values k(s) derived above. Thus satisfaction of (19) by the
values Ll(s,k) derived above is sufficient for the existence of an equilib-

rium.

ITI. A Calibrated Example

Given the assumed form of preferences and technology in section one,
it is possible to explicitly solve for an equilibrium once given a set of
values for the parameters of the model. We begin this section, then, by
setting out the observations which guide our choices of free parameters.
Prior to doing so, however, we will reduce the set of free parameters by one
by imposing my(1) = my(2) = m. Hence the set of parameters for the model is

as follows:
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preferences B, ¢

technology 6, w 2(1), ﬂ2(2), p(1), p(2)

1> ¥

population u

This gives a total of nine free parameters.

The purpose of this section is to lay out a set of observations
which restricts choices of the above parameters, and then to examine the
equilibrium derived from the calibrated model. This is done below. However,

to begin we should discuss what has guided our choice of functional forms for

preferences and technology, and why we have imposed nlfl) = ﬁl(2).
Preferences
We have made three important assumptions on preferences: type 2

agents care only about consumption in their youth, type 2 agents have log-
arithmic preferences, and type 1 agents have preferences that are linear in cq
and cp. The first is an assumption of convenience which (in conjunction with
the third) permits an explicit solution for the equilibrium capital stock at
each point in time. Hence the second and third assumptions require some
defense. First, then, if self-selection constraints bind on the determination
of Ll(a,k), then only the preferences of type 2 agents matter in the deter-
mination of hours. This is clear as Ly(s,k) = argmax Uy[wy(s,k)L,1-L] and as
L;(s,k) is determined as the (smallest) solution to the relation
Uy [ws(s,k)Ls(s,k),1-Ly(s,k)] = Uy[m(s)Ly(s,k),1-Ly(s,k)]. Thus the form of
type 2 preferences is the only crucial preference assumption for labor market
behavior. Also, since Ls(s,k) = argmax Up[wo(s,k)L,1-L], type 2 agents are

always "on their labor supply function." Estimates using aggregate data under
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this assumption favor logarithmic utility [Altug (1984)]. Hence there is some
empirical support for such an assumption. In addition, it will be recalled
that we desire our model specification to be consistent with the following
observation. Over time trends are observed in real wage rates, but not in
hours. Suppose we were to introduce a trend into our model by allowing type 1
output per unit of labor at time t to be given by (l+n)twl(s) and similarly
letting the production function for a type 2 worker at t be given by
(l+n)tﬂ2(s)keL1'a. Then let wyi(s,k) denote time t wage rates in this am-
mended model. What is the behavior of hours? Clearly Lz(s,k) =1/2 ¥ s, k in
any case. Moreover, we continue to have (so long as self-selection con-
straints bind)

wzt(s,k)
W

L, (s,k) = (1/2) [1-(1- s=5y)

1t

1/2]

Also, wit(s,k) = (1+n)twi(s,k). Hence

wz(s,k)
Ll(s,k) = (1/2)[1-(2- =

1/2
1is,ki ]

as before. Hence introducing a trend in productivity would induce no trend in
hours. This is another argument in favor of logarithmic preferences. And
finally, of course, this preference assumption permits an explicit closed form
solution of the model to be obtained.

It remains to consider type 1 agent preferences. It has already
been noted that these allow for an explicit derivation of the capital stock at
each point in time. Also, Jjust as type 2 preferences dictate the behavior of
hours, type 1 preferences dictate the behavior of savings and the ex ante real
rate of interest. In particular, the assumed form of type 1 preferences
implies a constant ex ante real interest rate. This is not violently at

variance with observation [Fama (1975)].
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Technology

There are two essential assumptions that have been made on tech-
nology. One is on the constancy of wy(s), and the other is that type 2 agents
can productively employ capital while type 1 agents cannot. ul(s) has been
assumed to be constant for a very simple reason. In particular, if m,(s) did
vary across states, then even under full information our model would display
cyclical variation of hours. We desire that all variation of hours in our
model be due to the presence of private information. Hence we impose wy(1) =
n (2).

The assumption that only type 2 workers can productively employ
capital is a simplifying assumption that avoids considerable notational com-
plexity. What we actually require is that a larger inherited capital stock,
ceteris paribus, reduces the wage differential wj(s,k)/wp(s,k). This is in
accordance with observation [Reder (1962)]. Hence we have employed the sim-
plest specification consistent with Reder's observation.

Having defended our specifications of preferences and technology,

then, it remains to lay out the observations used to calibrate the model.

A. Observations

The following set of observations is used as guidance in the choice

of parameter values:

(i) Individuals in the workforce typically work about one third of avail-
able time.

(ii) Postwar unemployment rates in the U.S. range between 4 and 10 per-
cent.

(111) Relative wages between construction and manufacturing in the postwar

U.S. range between .T and .8.20/



(iv)

(vi)

=05 w

Capital's share in total output is quite stable at approximately 1/3.
The ratio of gross private saving plus corporate saving to GNP is
quite stable over time at about ,15“211

The percentage standard deviation of the capital stock about trend is
1.2.22/

In addition to having these observations, let us recall our objec-

tives and make some of them more specific. Our objectives were to produce a

model consistent with the following.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

Unemployed labor.

The high variability of hours (employment) relative to real wages or
productivity.

High serial correlation of fluctuations in output and employment.
Strong positive co-variation between aggregate employment and aggre-
gate real wages.

(iv) should be produced in a manner consistent with micro evidence,
i.e., individual labor supply elasticities are low and intertemporal
substitution is not strong.

Wage dispersions decline at cyclical peaks.

Relative wages across occupations are an important "determinant" of
labor market behaviorrgéj

Secular trends in real wages are not accompanied by similar trends in
hours.

Business cycle movements are accompanied by changes in the sectoral
composition of employnmnt.gﬁj

While some of these are obviously qualitative (and we have seen that

others are accomplished, such as (viii) above), many are quantifiable. We now

elaborate on these.
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(1) The percentage standard deviation of hours about trend is 2 per-
cent.gé/

(i) The percentage standard deviation of productivity about trend is 1
percent.2—6/

(iii) The percentage standard deviation of output about trend is 1.8 per-
cent .ﬂ/

All of these relate to the variability of employment and output relative to
productivity. The two-to-one ratio of variability in hours relative to pro-
ductivity is quite important as such a ratio also applies to employment and
real wages, and obtains across a range of postwar economies [Geary and Kennan
(1984)] and in the prewar U.S. economy [Bernanke and Powell (1984)].

In addition to these observations, there are a number of observa-
tions related to the serial correlation properties of employment and output.
Discussion of these will be deferred until after the calibrated model is

presented so as to make interpretation easier.

B. The Example

It will be recalled that we have nine parameters to specify. These

are as followsﬁggf

preferences B = .579, ¢ = 6

|
=5

technology wl(l) =
rre(l) =T, 1;2(2) = 6,7

o =1/2, p(1) =2/3, p(2) =1/3

population 2/3

. =
I
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We will now display the equilibria of this economy under full information and
private information respectively. We begin by specifying the equilibrium
behavior of the capital stock and relative wage rates which are the same in
either case.

Recall that the rental rate on capital is given by r(s,k) =
an2(s)k9'lL2(s,k)1'e. It is also easy to see that Le(s,k) = 1/2 in equi-
librium (under either full or private information). Also, we have equation

(2):
g{p(s)r(1,x")+[1-p(s)]r(2,k")} =15 s = 1, 2,

Using the form of r(s,k), along with Ls(s,k) = 1/2, we obtain the equilibrium
inherited capital stocks (as a function of last period's state) k(1) = 2, kx(2)
= 1.942, The implied percentage standard deviation of the capital stock about
trend (mean) is 1.5 percent. (Contrast with the actual value of 1.2 percent.)

Having obtained equilibrium capital stocks, it is easy to obtain

equilibrium wage rates (again under either full or private information).

Obviously wy(s,k) = m, and wp(s,k) = (l-B)wz(s)keL(s,k)e. Now define
wi(s,g) = wi[s,k(g)], use L(s,k) = 1/2, and the equilibrium values for k(s)
to obtain

wa(l,l) w2(1,2)

W (1)~ -814 v (1,2) -802

w2(2,1) w2(2,2)
= .T79 = ,T68.
wll2,1} w1f2,2i

These are essentially in the range for relative wages set out above of

[.7,.8].
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Full Information

We now derive the remainder of the equilibrium for this economy
under full information. It is easy to verify that the Nash equilibrium for
this economy corresponds to the full information competitive equilibrium.

Hence wages are as above, and

Lz(s,k) argmax Ue(we(s,k)La(s,k),1—L2(s,k)]

L, (s,k) = argmax -nlLl(s,k) + ¢£n[1—L1(s,k)].

1§

*
Hence, Lo(s,k) = 1/2, and I;(s,k) =L, (s,k) =1 - ——TﬁL-7-= 1 -2, s
1 s,k 1:1
employment is constant in this economy under full information. It will there-
fore be clear that all cyclical variation of employment in this economy in the

presence of private information will be due to informational frictions.

Private Information

It is easy to check that (14) is satisfied by the economy set out
above, i.e., that self-selection constraints bind in the determination of
Li(s,k). Hence, following the determination of equilibrium discussed above,
Lo(s,k) = 1/2, and Lqi(s,k) is given by
v (s,k) 1/2

. (s,k) :

L (s,k) = (1/2)[1-(1- =
1

Using the relative wage rates determined above, we can derive the following,

where Li(s,g) = Li[s,k(g)]:

Ll(l,l) = ,284 Ll(l,z) .278

Ll(2,1) = .265 L1(2,2) .259.
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This completes our description of the equilibrium behavior of in-
dividual hours and real wages. We now turn our attention to aggregates.

Define aggregate per capita hours by

L(s,s) = uLl(s,E) + (l-u)Lz(s,g),

and define average (hours weighted) real wages (and productivity) by

L, (s, s) L,(s, s) -
U[L(s,s) Jv,(s,8) + l—u)[L o5 Jw,(s,s).

w(s,s)
Finally, per capita output is given by
y(s,s) = um L, (s,s) + (l-u)na(S)[k(s)]aba(S,S)

and the unemployment rate is

L, (2,8)-1 (5,8) Ju

u(s,s) = T —,
uh, (s,8) + (1-w)L,(s,s)
since type 2 agents are not unemployed. Then we have the following behavior

of aggregate hours per capita in equilibrium.== 29/

L(1,1) = .356  L(1,2) = .352

343 L(2,2) = .339.

L(2,1)

It will be noted that, on average, people work roughly a third of available
time here. Also, the implied percentage standard deviation of per capita
hours about trend (mean) here is 2.2 percent. (Contrast with an actual value
of 2 percent.) Finally, we can compute the first order autocorrelation of

hours per capita here, which is .54T.
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The behavior of average per capita wages is as follows:

w(l,1) = 7.851  w(1,2) = T.795

w(2,1) = 7.686  w(2,2) = T.627.

The implied percentage standard deviation about trend (mean) is 1.3 percent.

(Contrast with an actual value of 1 percent.) Similarly, per capita output is

-~

3.961 y(1,2)

§(1,1) 3.89k

$(2,1) = 3.752  y(2,2) = 3.686.

The implied percentage standard deviation about trend (mean) is 3.2 percent,
which is too large relative to the observed value of 1.8 percent. The first
order autocorrelation coefficient of per capita output is .73. Finally we may

B
compute unemployment rates. L, (s,8) =1 = (¢/wl) = ,302, so that

u(1l,1)

3-3% u(l,?) h-B%

1}

u(2,1) = 6.7% u(2,2) = 7.9%

Hence unemployment rates lie in the appropriate range.

It remains to say something about capital's share in total output
and about savings behavior for this economy. Capital's share here varies
between .294 and .299. Hence this is appropriate. Also the ratio of total
savings (as defined above) to GNP here is given by (lnu)k(s)/§(s,§), since
(1-u)k(s) is the aggregate level of capital accumulation. This ratio here
varies between .168 and .175, which is appropriate relative to the David-

Scadding (1973) value of about .15.
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Remarks

A number of remarks are now in order. Clearly the calibrated mpdel
generates the desired high variability of hours relative to real wages (pro-
ductivity). As we will discuss shortly, it is also consistent with the ob-
served persistence of disturbances. However, we might now comment on some
other features of the model.

First type 1 workers, who are high productivity workers (in equi-
librium) are the workers who experience unemployment here. At first glance,
this may seem strange. However, the relative wages of workers in manufactur-
ing and construction were used in calibrating the model. If we continue with
this interpretation, construction workers are relatively highly paid, but they
experience high rates of unemployment and work fewer hours on average than
workers in manufacturing. Hence this feature of the mpdel is actually an
appropriate one.

Second, continuing with this interpretation, the model suggests that
over the cycle the sectoral composition of the workforce will change. This is
in accordance with observation [Lilien (1982), Samson (1985)].

Third, we should comment on the consistency of behavior here with
micro evidence. As indicated above, existing micro evidence suggests very
low individual correlations between hours and real wages. In our model para-
meters for each type of agent are chosen to be consistent with this evid-
ence. In particular, for type 2 agents hours will be constant independent of
the wage rate while for type 1 agents wages are constant while hours vary over
the cycle.

Fourth, it should be noted that relative wages are an important
"determinant" of labor market behavior here. This is clear since L2(a,k) is

constant and L,(s,k) is given by
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vy (s,k) 1/2)

L, (s,k) = (1/2)[1-(1- QITETET) .

This should also make clear (as do the values for relative wages reported
above) that wage differentials decline at cyclical peaks.
Finally,

W, (5,K) (1-9)1'2(5)2%3
wl(s,k) = Tl'l(S)

Hence increases in the capital stock, ceteris paribus, reduce wage differ-

entials, as we observe. This is, in fact, what leads to "persistence" here.

Interpreting the Serial Correlation Parameters

We have seen that our calibrated model generates persistence in the
deviations of output and hours from trend. The question addressed here is how
this is to be interpreted. Either of two interpretations is possible. How-
ever, prior to suggesting these interpretations, it will be useful to have
some "observed" values for purposes of comparison.

To this end, then, we begin by noting that in our model the devia-
tions of output and hours from trend can be represented as a first order
Markov process. For purposes of comparison, then, suppose we estimate the

relation

*- * i
Ve = P¥g1 7 g

using quarterly data, where

* -
Yy =¥ — ¥ - b,

*
and y; is actual GNP, i.e., yt is the deviation of output from its mean and a

linear trend.ﬁ)_/ The estimated relations are
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Y, - ¥ = (1.959)t + u
6 (6.966) 1t

R2 = .2153

where the t-statistic appears below the coefficient estimate, and

* - *

¥, = (995) vy, , + &,
(289.56)

Re = 09980

Thus pl = ,995 is an estimated first order autocorrelation coefficient for
output (in this detrended form). Similarly, let L. be hours, where here we

*
use nonagricultural employee hours (in billions), let Lt = Lt - L - agt, and

estimate the relations

L -f={olh8)t+u

s (6.688)  °°
R2 = .238

* _ ~ *
Ly = Pl g +

*
= (992) L+ &y

(205.65)

R2 = .996.

Then 52 = .992 is an estimated first order autocorrelation coefficient for
hours.

With these "observed" values we can now discuss the two interpreta-
tions of the first order autocorrelation coefficients for hours and output in
the model, which were .547 and .73 respectively. The first interpretation is

as follows. Nothing prevents us from regarding the model as if each "period"
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in the model were a quarter. Then the degree of "persistence" in the model is
low relative to observed values. However, we could go further and contrast
the persistence generated by this model with far more sophisticated dynamic
competitive mpdels employing an infinitely 1lived agent paradigm. Hence in
these models the "quarterly interpretation" should be more reasonable. If we
contrast our first order autocorrelation coefficent for output with that of
the model produced by Kydland and Prescott (1982), then, they are virtually
identical: .T3 for this mdel versus .7l for the Kydland-Prescott model.
(Kydland and Prescott do not report autocorrelations for hours.) Hence taken
as a quarterly model the framework of this paper does as well in generating
persistence as do more sophisticated dynamic competitive models.

Of course, there are a number of reasons to be unhappy with an
interpretation of our model as a quarterly one. In addition to the obvious
fact that individuals are two period lived in the model, there would be the
additional troublesome assumption that capital depreciates completely in one
period, as well as the discount rate of B = .579. Therefore, it is reasonable
to suggest an alternate interpretation.

Suppose, then, that we take the overlapping generations structure of
the model seriously, i.e., take a "period" to be twenty years. Then setting B
= .579 corresponds to an annual discount rate of .973, and it is far more
reasonable to assume that capital depreciates completely in one period. Thus,
the troublesome assumptions are no longer troublesome, and we need only ask
how to interpret the variances and autocorrelations produced above.

With respect to variance measures, it clearly does not matter how we
interpret a period, since variance measures do not depend on the frequency of

sampling. Obviously, though, autocorrelations do depend on this. Suppose we
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perform the following thought experiment, then. Let 1 be the number of quar-
ters in one of our periods. If deviations of output or hours from trend are
generated by the estimated first order Markov processes reported above, then
the t1-th order autocorrelation coefficient for output (hours) would be

-~

Py % p2T) .« Then set

» K T

o, 1= (L995) 1= .73
& E T,

by 2 = (.992) 2 = 5T,

where .73 and .547 are the first order autocorrelation coefficients for our
model for output and hours respectively. Then 17 and 1p correspond to the
implied number of quarters in one of our periods. Solving the above for T,
and 1, we obtain 1) = 62.8 and 1, = 75.11l. Using 1y, we would infer a period
length of 62.8 quarters (15.7 years), and using 1, we would infer a period
length of 75.11 quarters (18.8 years). Thus the autocorrelation coefficients
generated by the model are consistent with the estimated processes for hours
and output, and with the overlapping generations structure employed.

To summarize, then, if we take the overlapping generations nature of
the model seriously, the serial correlation coefficients generated by our
model are consistent with observed (high) levels of persistence in output and

hours.

Existence of Equilibrium

Recall that an equilibrium exists if the contract Just derived is
preferred by type 1 agents to any pooling contract that at least breaks even
for any firm offering it. Recall also that we denoted the optimal (zero

profit) level of hours in a pooling contract (for type 1 agents) by L¥*(s,k).
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For the parameters of our example it is straightforward to verify that L*(s,k)
= 0. BSince it is incentive compatible to set Ll(s,k) = 0 and this is not
done, clearly type 1 agents prefer the contract discussed above to any pooling

contract. Hence this equilibrium does, in fact, exist.

IV. A Linear Model

The analysis of the previous sections is obviously special in a
number of ways. In this section, we present a class of economies in which all
agents have linear preferences. The purpose of this presentation is to demon-
strate that a class of models exists where all economies in the class display
the major qualitative features of the economy in Section III. In addition,
the analysis above used a number of assumptions that one might wish to re-
lax. Most obvious among these were that (i) savings is unobservable, (ii)
wage-employment lotteries were ruled out, (iii) insurance markets were ruled
out by an assumption about when random events occurred, and (iv) agents of
different types had different functional forms for preferences, and in part-
icular, for indirect utility functions over income and labor. In this section
all these assumptions are relaxed. In particular, savings is observable (as
is borrowing and lending behavior), firms do offer contracts specifying wage-
employment lotteries, insurance markets are permitted, and all workers have

linear preferences.

A. The Model

The mdel is essentially as previously. All workers are endowed
with one unit of time when young and have no endowment of the good. As before
wi(s,k) is the wage rate paid to a type i agent and Lj(s,k) is the number of

hours worked by a type i agent. (1-L;(s,k) is therefore leisure consump-
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tion.) Type 2 workers, who as before will be low productivity workers in

equilibrium, have preferences

and type 1 workers have preferences

( 1-L) = ¢, + Be, e

b b 1
Thus workers do not value leisure, and all workers supply their unit of time
inelastically.

Technology is identical here to the technology of the previous
section: type 1 workers produce wl(s)L units if they work L hours, and a type
2 worker working L hours, combined with k units of capital, produces
ﬂz(s)keLl"e units of the single good. k continues to denote the capital stock

per type 2 worker, and as before the productivity shock constitutes a two

state Markov chain with transition matrix

1 p(1) p(2)

w
1]

s' =2 1 -p(1) 1-p(2)

As before, we let r(s,k) denote the rental rate on capital, and
capital depreciates completely in one period of use. Let y(s,k) denote the
fraction of income saved by a young type 1 agent. y(s,k) is chosen to maxi-

mize

wI(S,k)Llis,k)[l-TCS.k)] + BESr(S,k) wl(s,k)L (s,k)y(s,k),

1
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where as before E; denotes the conditional expectation taken over future

states of nature. Hence the values r(s,k) must satisfy (2) as before:
B{p(s)r(1,k")+[1-p(s)]r(2,k")} = 1 = s.

The structure of information is also largely as before. Each agent
knows his own type, which is unknown to others. However, now savings, bor-

rowing and lending, etc. are observable by all.

Contracts

Firm behavior is also essentially as before. Firms behave com-
petitively in a rental market for capital, and are Nash imperfect competitors
in labor markets. In particular firms announce contracts, and then given the
constant returns to scale nature of technology, accept all applicants for
employment. Here, however, since workers do not value leisure, contracts must
take a different form than they did above. Since workers supply labor in-
elastically, we now let a contract specify a wage offer and a probability of
being employed. Let qi(s,k) denote the probability that a type i worker is
employed in state (s,k). Then a contract offered to a type i agent (which is
offered after the state has been observed by all) is a pair
[w; (s,k),q;(s,k)]. If [wy(s,k),q;(s,k)] # [wp(s,k),q0(s,k)] contracts must be
structured so as to induce self-selection. If a pooling contract is offered,
we use the motational convention [wy(s,k),qi(s,k)] = [wo(s,k),qn(s,k)]. Fin-
ally, we continue to require that any offered contract (at least) break even
given the workers accepting it. Thus if [wy(s,k),q;(s,k)] # [wo(s,k),q5(s,k)]

we require

(20.a) wl(s,k) < wl(s)
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(20.b) (s,k) < 1r2(s)1;;0 - rls,k)

Y2
where we have used L, = 1 if a type 2 worker is employed, and where y is the
firm's choice of capital input.

It remains to discuss what is required to induce self-selection (if
a firm wishes to do this). Thus if contracts do induce sorting, a type 2
agent receives the wage rate wa(s,k) and works one unit if employed, and
receives nothing otherwise. Moreover, the probability of being employed is
ao(s,k). Hence, this contract yields expected utility g,(s,k)wy(s,k). On the
other hand, if a type 2 agent takes a type 1 contract, he is employed with
probability ql(S,k), in which case he receives the wage rate wl(s,k). Also,
since savings behavior is observable, in this case the type 2 worker must save
fraction y(s,k) of his income. Recall that type 2 agents do not value old age

consumption. Hence self-selection occurs iff
(21) qe(s,k)wais,k) > ql(s,k)ll-Y(s,k)lwl(s,k).
Similarly, sorting requires that
2] .
(22) ql(s,k)wl(s,k) > q2(s,k)w2(s,k)

(21) and (22) are the self-selection conditions for this version of the model.

It remains to say something about the form of a pooling contract.
Since such a contract does not attempt to induce sorting, competition among
firms for workers would imply that such a contract would have to set q(s,k) =
1. Also, all workers would work one unit under such a contract. Finally,
under a pooling contract workers are not distinguishable by type. Thus, if a
firm rents ¢ units of capital, this is allocated among all employees. Since

type 1 workers cannot productively use capital, this implies that fraction
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(1-u) of the rented capital is effectively wasted. Then a firm offering a
pooling contract and renting y units of capital (at least) breaks even if its

offered wage rate w(s,k) obeys
(20.c) uﬂl(s) + (l—u)wz(s)[(l-u)¢lq- r(s,k) ¢y > w(s,k).

B. A Separating Equilibrium

Since workers do not value leisure here, standard arguments which
rule out an equilibrium with pooling are not applicable. However an efficient
allocation of capital continues to require sorting, so we continue to focus on
equilibria in which self-selection occurs. Let us now define an equilibrium,
and then examine the properties of an equilibrium which induces self-

selection.

Definition. A stationary (separating) Nash equilibrium is a set of announced
contracts [w;(s,k),q;(s,k)]; 1 = 1, 2, which satisfy (20) and (21)-(22), and a

set of values r(s,k), k(s), and y(s,r) such that
(i) r(s,k) and k(s) satisfy (2)
(ii) the rental market clears, i.e.,

Y(s,r) = k(s).

(iii) given the announced contracts of all other firms, no firm has an
incentive to offer an alternate contract, with all offers subject to

(20).

Having defined an equilibrium, then, we begin by characterizing the
set of contracts consistent with self-selection that can be equilibrium con-

tracts. We then discuss when such an equilibrium will exist.
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To begin, then, for the same reason as before any contract
[wo(s,k),q5(s,k)] must be maximal for type 2 workers among the set of all
contracts satisfying (20.b) and (21)-(22). Then clearly qg(s,k) =1¥% (s,k),

(20.b) holds with equality, and § is chosen to maximize profits. Hence
r(s,k) = Bne(S)we_l

Using k(s) = y(s,r), we have then that

(23) r(s,k) = ene(s)ke-l

Therefore, from (20.b),

(24)  wy(s,k) = (1-8)my(s)k”

as before.

Now consider the contracts offered to type 1 agents. If self-
selection constraints did not bind then obviously we would have ql(s,k) =1
and wi(s,k) = nl(s). Moreover, type 1 workers would save fraction y(s,k) of
their income. Thus aggregate savings would equal py(s,k)w,(s), and the aggre-
gate capital stock is, of course, (1-u)k (since k is measured as capital per
type 2 agent). Since these must be equal we have, then, that y(s,k) is given

by

(25) y(s,k) = 1_")%£%%Y

Moreover, using (23) and (2), k(s) must satisfy

)9—1

(26) 88{p(s)w (l)k(s L0 p(s)ln (2)k(s } =1
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¥ s = 1, 2. Then (25) and (26) give y(s,k), and henceforth k(s) will be
understood to be the value of k satisfying (26).

Having derived y(s,k), it is now possible to say when self-selection
conditions will bind on the choice of ql(s,k). This will occur if the con-

tract above is not incentive compatible, i.e., if

(21) [1-(1—;‘1)“—*1‘{%}]«1(5) > (1-0)my(s)K(3)

This condition is assumed to hold for the remainder of the discussion.
If (27) holds, then, a contract inducing self-selection sets wl(s,k)
= wl(s), and chooses q;(s,k) so that (21) holds with equality, i.e.,

w,.(s,k)

(28) a (s,k) = =y [1-(s,K)] 7,
1 3

where we must now re-derive y(s,k). As before, each employed type 1 worker
saves fraction y(s,k) of his income. However, as the probability of employ-
ment 1is independent across workers, and as the number of these workers is
large, only a fraction ql(s,k) of type 1 workers are employed. Hence total
savings is given by uql(s,k)y(s,k)nl(s). This must equal (1-p)k(s), where

k(s) is as above., Thus now

_ ]_....u k(s}
(29) Y(s,k) = ( I ) ql(s’k)“l(S).

Using this expression in (28) gives the following expression for ql(s,kJ:

we(s,k) uql(s,k)ﬂ1(53

wl(s,k)][uql(s,k)nl(s)-(l-u)k(é)]

ql(S,k) = |

Rearranging terms, then, we have

wz(s,k)

_ 1-uy k(s)
(30) ql(S,k) = wl(s,k] + ( ™ ) Trl{S)’
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where we have used wq(s,k) = m(s), and where k(s) is given by (26). Thus, as
before, relative wages dominate hours behavior, and it should be clear that if
a separating equilibrium exists here it will retain the qualitative features
of the equilibrium examined in Section III above.

It should also be clear that if all firms offer the contracts Just
described, no firm can profitably offer an alternate set of contracts con-
sistent with (20) and self-selection. Hence the above will be an equilibrium
if no firm can offer a pooling contract and choose a value {y such that a(s,k)
= 1, w(s,k) satisfies (20.c) at equality, and such that w(s,k) >
qp(s,k)w (s,k). We now examine what this entails.

Begin, then, by considering the selection of | which maximizes
w(s,k), taking r(s,k) as parametric (at its candidate equilibrium value of
r(s,k) = Bna(s)k(g)e_l). Since w(s,k) is given by (20.c) at equality, the

maximizing choice of ¢ is

6{1-u)1+9ﬂ2(3) T%E
ri(s,k) '

This implies the following value for w(s,k):

1+8 )
8(1-u) 112(3) 16

r(s,k)

wis,k) = um(s) + (1-w) " Pny(s)

6(1-1) " Ony(s) 15
oy B

- r(s,k)[

Rearranging terms and using r(s,k) = ng(s)k(g)e_l, we obtain
1+6

1-6 ~ 0

w(s,k) = um (s) + (1-6)(1-u) m,(s)k(s)",

Thus a separating equilibrium exists if q;(s,k)w;(s,k) > w(s,k), or if
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(1+8
(31)  wyls,k) + (EH)k(s) > wmy(s) + (1-8)(1-w) M™% (s)x(3)°

¥ s, s. If (31) is satisfied, then, (as it obviously will be for a nontrivial
set of parameters) the sorting contracts (along with the values k(s)) derived
above do constitute an equilibrium. Moreover, this equilibrium will display
qualitatively the same features as the equilibrium of the economy examined in

Section III.

V. Conclusions

The preceeding sections have produced a private information model
that explains the existence of unemployed labor, the high variability of
employment relative to real wages/productivity, and the persistence of dis-
turbances to output and employment. Moreover, it has done so in a way that is
consistent with existing micro evidence on individual "labor supply" behavior,
and with a number of other important cyclical features. Finally, this has
been done using a mpdel where a number of parameter choices have been heavily
guided by empirical observation. Even so the model "fits the facts well" with
fewer free parameters than the sum of (i) observations used to calibrate and
(ii) facts to be fit.

Having summarized the capabilities of this modelling approach, then,
we will conclude by anticipating an objection to the approach employed here
and responding to it. In particular, it has been common to object to business
cycle models which ignore choices of hours at the "extensive margin" [Heckman
(1984)]. 1In particular, it is frequently objected that much employment varia-
tion is due to variation in the number of individuals employed as opposed to
employment per individual. 1In the model of Sections I-III, employment varia-
tion was due entirely to variation in hours per person. Does this invalidate

the analysis?
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The answer 1is no. In the model of Section IV all variation in
employment is due to variation in the number (fraction) of employed indi-
viduals. Nevertheless, the derivation of equilibrium contracts proceeded far
enough in that setting to indicate that the qualitative behavior of the model
would be the same regardless of how the wvariation in employment occurred
(i.e., whether it occurred at an "intensive" or an "extensive" margin). Hence
this objection does not invalidate the approach taken here. In fact, it
suggests that this approach may be a useful one in reconciling observed aggre-
gate behavior with existing evidence on the employment behavior of indiv-

iduals.
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Footnotes

EJSee, e.g., Kydland and Prescott (1982).

g!A complete list of contributions in this area would be extremely
long. A partial survey of this literature appears in Hart (1983).

Q!Some exceptions are Holmstrom and Weiss (1985) and Smith
(1984a,b).

Yon the first point see Hodrick and Prescott (1981) or Geary and
Kennan (1984). On the second point see Geary and Kennan. This is also ap-
parently the case for the pre-war U.S. economy. On this point, see Bernanke
(1984) or Bernanke and Powell (1984).

éjFor aggregate evidence see Altonji (1983) or Altug (1984). The
micro evidence on this point is surveyed by Ashenfelter (1984).

§/See Prescott (1983).

1/ prescott (1983).

8/Reder (1962).

9/141ien (1982) or Samson (1985).

10/gee Dunlop ( ), Keynes (1936), and Solow (1980) for a statement
of the importance of this in macroeconomics.

lljSee, e.g., Rothschild and Stiglitz (1976).

.lg!In particular, if each worker's contribution to output is not
directly observable, this means that any individual has negligible incremental
effect on a firm's output. Thus no worker's contribution to output can be
inferred.

lﬁjE.g., Kydland and Prescott (1982) or Hansen (1984).

}EjThis is reasonable if we do interpret a period as a generation

here.
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15/3ee Rothschild and Stiglitz (1976) or Wilson (1977).

léjThe role of wage-employment lotteries in settings of this type is
discussed by Prescott and Townsend (1984a,b).

17/mhis is the appropriate maximand, as (2) holds in equilibrium.

énghis is the solution to the relevant maximization problem because
of assumption (1).

Enggain there are two solutions. (1) implies that this is the
solution preferred by type 1 agents.

29/council of Economic Advisers (1982), p. 276.

21/pavid and Scadding (1973).

22/ppescott (1983).

23/gee, e.g., Dunlop ( ); Keynes (1936), and Solow (1980).

24/1314en (1982) and Samson (1985).

25/4odrick and Prescott (1981).

26/Hodrick and Prescott (1981).

27 /4odrick and Prescott (1981).

2§/Recall that we are taking the overlapping generations structure
of the model seriously and thinking of a period as roughly twenty years. Then
setting B = .579 corresponds to an annual discount rate of .973.

gngomputation of serial correlation values below requires that
these values be computed to more than three decimal places. We report to only
three decimal places here for brevity.

énghis is not entirely consistent with our model, since if we write
output for the model as a function of lagged output the derived relation will
be nonlinear. For the type of "back of the envelope" calculations being

performed here we ignore this.
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