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Much recent literature has been concerned with generating models that
are consistent with the existence of unemployed labor, and with the observed
cyclical behavior of other aggregate quantities. Following the strategy
pioneered by Kydland and Prescott (1982) and Long and Plosser (1983), many of
these models explain cyclical variation as the result of shocks to
technology. Unemployment of labor is generated via a non-convexity (usually
indivisibility of labor), and an objective of the research strategy is to
explain the observed behavior of quantities like aggregate output and hours
over the cycle. This requires that the models be consistent with the observed
high variability of hours relafive to either measured productivity or real
wages, and with the high positive serial correlation of deviations from trend
in either output or hours.1

While less concerned with explaining cyclical fluctuations,2 there is of
course a large literature that attempts to explain the unemployment of labor
as resulting from the presence of private information in labor markets.3 This
paper represents something of a synthesis of the two approaches. 1In
particular, it explains unemployment as being the result of private
information in labor markets, and does so in a way that is consistent with the
high observed variance of hours relative to real wages (or productivity) and
with high observed persistence. In doing so it makes two additional points:
(i) the presence of private information creates channels for magnifying the
effects on hours of shocks to productivity, and (ii) it also creates a channel
for generating serially correlated deviations of hours and output from trend.
Thus the presence of private -information can not only help to explain why
labor is unemployed, but can also aid in understanding the observed magnitudes

of co-movements in various time series.



The latter point is important, since the existing real business cycle
literature has relied heavily on intertemporal substitution to explain
co-movements in hours and productivity. 1In particular, as has been widely
remarked, existing micro evidence on the behavior of real wages and labor
supply is largely inconsistent with the kinds of co-movements required in
hours and real wages for real business cycle models to be consistent 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 movements, while the available

estimates of its slope that I have surveyed are, in fact, very small.

The basic empirical 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 hypothesis originally advanced by Lucas and Rapping was, of
course, precisely the suspicion that this was not the case.
In addition, however, there is a good deal of evidence against the importance
of intertemporal substitution mechanisms.4 Thus it is desirable to have other
devices for generating co-movements between hours and real wages (or
productivity).

The analysis here produces a model that displays unemployment of labor,
a high variability of hours relative to real wages or productivity, and
significant persistence of disturbances in hours and output. Moreover, it
does so in the context of a model that displays none of these features under
full information. Specifically, in the absence of any informational
asymmetry, the model will be specified in such a way that hours are constant.
This will serve to emphasize that all of the interesting cyclical behavior of
hours is due to the presence of private information. Moreover, the model is

consistent with micro evidence on observed individual correlations between

hours and real wages, and with a number of other empirical regularities. To



emphasize consistency with the micro evidence, the model will be specified
such that, for individuals, hours and real wages are uncorrelated.
Nevertheless, the model is consistent with the large observed aggregate
variability of hours, with observed persistence, and with the following
cyclical regularities.
(1) There is a strong positive correlation between aggregate hours movements
and real wages.
(ii) Average productivity is procyclical.
(iii) Wage dispersions (defined in almost any manner) decline at cyclical
peaks.
(iv) Changes in relative employment across "sectors™ are an observed cyclical
phenomenon.5
Also, the model is consistent with the secular observation that trends in real
wages have not been associated with trends in hours per capita. It also
suggests that relative wages across occupations are an important "determinant”
of labor market behavior. Some have suggested [e.g., Dunlop (1950), Keynes
(1936), and Solow (1980)] that this is a desirable feature of a macro model.
The model developed is as follows. In order to generate time series
behavior a dynamic model is obviously required. However, tractability
requires that models with multi-period incentive problems be avoided. This
problem is resolved by the use of a two-period lived overlapping generations
model.6 Within each generation there is a heterogeneous workforce and a set
of firms with access to a technology for converting labor and capital into a
single consumption good. Workers differ in terms 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 environment, except that firms must make decisions about how to
allocate capital among workers who differ in ability.

As in Rothschild and Stiglitz (1976), firms are viewed as imperfect Nash
competitors (here in labor markets). As is well known, in equilibrium firms
induce workers of different abilities to self-select by offering a range of
contracts for workers to choose among. In the sequel contracts specify a wage
rate and a level of employment. If the model is structured appropriately,
some workers will be unemployed (underemployed). In order to generate
cyclical behavior, the technology of the economy is subject to some random
(aggregate) disturbances. It is then shown that models in the class at hand
can display all of the behavior discussed above.

The paper proceeds as follows. Section I describes the environment, and
the behavior of individuals. Section II describeé the equilibrium of the
model under full information. To emphasize that private information is
sufficiently powerful to generate all interesting cyclical behavior of hours
here, the model is parameterized in such a way that under full information
hours do not vary. Section III develops an equilibrium under private
information. Section IV examines a numerical example to demonstrate that
fairly rich dynamics and cyclical behavior can emerge from the model. Since
the model is elaborately parameterized, Section V discusses model

specification.

I. The Model
A. The Environment
The model consists of a sequence of two period lived, overlapping

generations. Let time be indexed by t=0,1,... . At each date t there is a



young generation that sells labor, a retired old generation, and a set of
firms that have access to technologies for converting labor and capital into a
single consumption good. Agents (workers) accumulate capital when young,
which is then rented to firms in old age. To emphasize, only young agents
supply labor, so that each individual is in the workforce only once. Hence
any considerations related to multi-period incentive problems are avoided.

Each generation is identical in size and composition. Therefore
attention will be restricted to stationary equilibria in the sequel. 1In
addition, while it is not necessary to be specific on this point, there is a
fixed and countable set of firms in each generation, and a continuum of
workers.7 Workers are divided into two types (described below), with type
indexed by i € {1,2}. All workers of type i are identical, and u is the
proportion of the workforce that is of type 1.

Prior to discussing technology and agent preferences, it will be useful
to proﬁide an overview of the modelling strategy. A highly parameterized
economy is presented with two features. (i) Under full information the
economy is incapable of generating non-trivial cyclical or dynamic behavior in
labor markets. (ii) Under private information the model allows for fairly
rich cyclical and dynamic behavior that is consistent with a variety of
features of postwar U.S. business cycles. This serves to emphasize that the
presence of private information alone is sufficient to generate significant
cyclical behavior in labor markets.

Under more general specifications of preferences and technologies the
model developed below would display non-trivial cyclical behavior even under
full information. Thus it is useful to begin by presenting special versions
of these economies that underscore the ability of informational frictions

alone to generate high hours variability, and channels of persistence. A



number of the special features of the model below are meant to have this
effect. Other features of preferences and technology are assumed for reasons
of tractability. After the model is presented and its equilibrium analyzed, a
number of the special assumptions employed in the analysis will be discussed

in detail.

Technology

A type 1 worker produces ﬂl(s) units of output per unit time, where s
is a current period productivity shock, and wl(s) is a scalar. Thus capital
does not augment the output of type 1 workers. Therefore, it will be
convenient to measure the capital stock in terms of capital per type 2
worker. Let k be this quantity. Then a type 2 worker providing L units of
labor, combined with k units of capital, produces output according to the
production function ™, (s)keL1 e, e € (0,1). vz(s) is a scalar
productivity parameter that varies with the current perlod productivity shock
s. The current state of the economy, then, is completely described by the
vector (s,k). Output is expressed in per worker terms, and is additively
separable across workers.

It remains to describe the process generating s. The simplest possible
specification is adopted here: s evolves according to a two state Markov
chain.® Hence s € {1,2}. Letting s' denote "next period's state,"” p(s) is

the probability that s'=1 conditional on the current period state s. It will

often be convenient to have notation for "last period's state" as well, which

~

is denoted s.

Preferences and Endowments

Each worker is endowed with 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 the fraction of time
allocated to work, L € [0,1], and let cj denote age j consumption; j=1,2.
When it is necessary to distinguish between agents of different types the
notation cji and Li will be employed.

The preferences of type 2 workers are given by the utility function
Uz(cl,cz,L) = !nc1 + 2n(l-L). Hence type 2 workers care only about young
period consumption. Type 1 agents have preferences described by
Ul(cl,cz,L) = c1 + Bc2 + é¢n(1-L). ¢ satisfies ¢ > (%)max[vl(l),wl(Z)].

The content of this assumption is as follows. The marginal rate of
substitution between young period consumption and leisure for type 1 agents is
given by ¢(1—L)_1. The marginal rate of substitution between young period
consumption and leisure for type 2 agents is c1(1—L)_1, and young period
consumption for any agent will be bounded above by (%)max[wl(l),wl(Z)] under
assumptions to be made below. Thus ¢ > (%)max[ﬂl(l),ﬂl(Z)] guarantees that
for all relevant values of c1 and L, type 1 agents have higher marginal rates
of substitution than do type 2 agents at any (cl,L) pair. This assumption is
essentially the "single crossing property" of Cooper (1984), and guarantees
that if any agents are "off of" their labor supply curves in equilibrium the
equilibrium will be associated with unemploymeﬁt (rather than overemployment)
of labor.

Since the assumption that ¢ > (%)max[ﬂl(l),wl(Z)] plays an important
role in the analysis, its plausibility should be defended. This assumption
guarantees that at any relevant (cl,L) pair, type 1 agents would value an
incremental unit of leisure relatively more than would type 2 agents. Under
assumptions made below, type 1 workers have higher productivity in the

marketplace than do type 2 workers. It is then natural that type 1 agents

value incremental leisure more highly than do type 2 agents if leisure is

actually time employed in home production. Or, in other words, such an



assumption is plausible if workers who are more productive in labor markets

are also more productive at home.

Trading

At each date there is a labor market open in which workers can sell
labor to firms. There is also a rental market in capital in which firms can
obtain capital from retired workers. Capital depreciates entirely in one
period, which is not unreasonable in an overlapping generations context.
Hence the return to holding capital is its rental rate, which is denoted by
r(s,k).

Young workers can accumulate capital. In doing so they take the
function r(s,k) as given. There is no storage of goods possible except via
capital accumulation, however. Borrowing and lending is permitted, but will
not occur in equilibrium. This is the case since type 2 agents do not care
about old age consumption. As agent types are revealed in equilibrium, they
cannot borrow, and hence there will be no agents for type 1 workers to borrow
from or lend to.

It remains to discuss state contingent claims trading. It is assumed
that all young agents are born after the realization of the current period
state, so claims are not traded contingent on the current period state. 1In
addition, type 2 workers care only about young period allocations, while type
1 workers are risk neutral with respect to old age consumption. All firms are
risk neutral. Hence there need be no trading of claims to consumption
contingent on s'. Thus, in equilibrium, state contingent claims trades are
zero. This fact, along with the absence of borrowing and lending in
equilibrium, is exploited by eliminating these possibilities in the notation

that follows.



Information

Each worker knows his own type, but this is private information ex
ante. Savings behavior is also assumed to be unobservable.9 All trades in
labor markets are observed by all, as is the current period state (s,k), and

all current period prices are known at each date.

B. Behavior of Agents

Workers

There are two aspects to workers' behavior; an employment decision and a
savings decision. Employment decisions are best described after a discussion
of firm behavior. However, savings decisions are easily described. As
discussed above, type 2 workers do not save (or borrow). Thus all capital
accurmulation is carried out by type 1 workers. Let ¢(s,k) denote capital
accumulation by a representative type 1 worker in state (s,k). Then for any
given level of current period income yl(s,k), $(s,k) is chosen to solve the

problem

[ ] 1
max ¢, + BEscz(s k')

subject to

¢ + ¢(s,k) < yl(s,k)

cz(s',k') < ¢(s,k)r(s',k'),
where Es denotes the conditional expectation taken with respect to s'.

Writing the maximand as a function of yl(s,k), ¢(s,k), and r(s',k'), we see

that ¢(s,k) is chosen to maximize the expression
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y,(s,k) + B{p(s)ril,k(s)1+[1-p(s)Ir(2,k(s)]}é(s,k)-¢(s,k).

Hence in equilibrium, we must have

(1) p(s)rll,k(s)1+[1-p(s)Ir[2,k(s)] = 87"
1-p

where k(s) = ¢(s,k)(—=), i.e., k(s) is the future capital stock (per
H

type 2 worker) implied by ¢(s,k).

Firm Behavior

Recall that firms 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 outpgt is additively separable across
workers. This will make an equilibrium easy to characterize.

It is assumed that firms acquire capital in a competitive rental market,
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 the analysis follows Hart (1982) and much subsequent literature in using
a model of an imperfectly competitive labor market to examine macroeconomic
issues. 1In the model here, however, the Nash equilibrium examined coincides
with a competitive equilibrium 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, announces a
set of contracts with each contract consisting of a wage-hours pair. 1In

particular, if a firm's contract offer is accepted by any workers one of the
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following will occur: only type 1 workers accept the contract offered, only
type 2 workers accept the contract, or wokers of both types accept the
contract. Hence each firm offers (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 contract pair such
that (wl,Ll) # (wz,Lz), 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, contract announcements
satisfy (wl,Ll) = (wz,Lz)-

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

(2) Uzlwz(s,k)Lz(s,k),1-L2(s,k)] > Uzlwl(s,k)LI(s,k).1—L1<s.k)l

(3) wl(s,k)Ll(s,k) + ¢2n[1—L1(s,k)] > wz(s,k)Lz(s,k) + ¢£n[1—L1(s,k)],

s € {1,2}, for all equilibrium values of k, where (3) is the appropriate
self-selection condition in light of the assumed form of type 1 preferences,
and where use has been made of (1). Notice that contracts are announced with
full knowledge by all parties of the current period state (s,k). Finally, one
additional restriction on announced contracts is imposed that is common in
these contexts. 1In particular, each announced contract is required to at
least break even given the set of workers accepting it. Hence contracés must

satisfy
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(4 w,(s,k) < w (s)

5 1-0
(5) wz(s,k)Lz(s,k) < wz(s)k Lz(s,k) - r(s,k)k

if (wl,Ll) # (wZ,LZ). Possible pooling contracts are discussed below, but in
equilibrium announced contracts must induce self-selection. Hence (4) and (5)
are the relevant restrictions here.

Finally, it will be noted that firms are restricted to pure strategies
and that firms are not permitted to offer contracts which consist of
wage-employment lotteries. Neither of these assumptions is important to the
results obtained.lo

Finally, to complete the description of worker behavior, given the set
of announced contracts each worker accepts the announced contract he most

prefers within that set.

II. Equilibrium: Full Information

A. Definition

In order to provide a benchmark, the stationary Wash equilibrium of this
economy under full information is now described. Behavior of all agents is as
discussed above, except that firm contract offers need not satisfy (2) and (3).

As indicated above, firms acquire capital in competitive rental
markets. Thus, given r(s,k), each firm chooses a quantity of capital to be
applied to each worker, aﬁd simultaneously chooses a set of contracts
{[wi(s,k),Li(s,k)]}. Clearly given the specifications of technology no
capital will be applied to type 1 workers. Let ¢(s,r) be the quantity of

capital applied to type 2 workers.
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Definition. A (stationary) Nash equilibrium is a set of announced contracts

[[wi(s,k),Li(s,k)]} and a set of values r(s,k), k(s), and y(s,r) such that

(i) r(s,k) and k(s) satisfy (1).

~

(ii) w{s,r[s,k(;)]} = k(;) Vs,s.
(iii) given announced contracts and the current value r(s,k), no firm has an
incentive to announce a new contract or to change its per worker capital
stock.
Conditions (i) and (ii) impose capital market clearing while (iii) is

the standard Nash equilibrium condition.

B. Characterization

An equilibrium is now characterized under one additional assumption:
that «l(s) = wz(s) =T The purpose of this assumption will become
apparent below. The content of the assumption is that the productivity of

type 1 workers is non-stochastic.

As should be apparent, any Nash equilibrium must be characterized by a
number of "no-surplus" conditions. Clearly wl(s,k) = 11 V(s,k), and
Ll(s,k) = argmax{«lLl(s,k) + ¢!n[1—L1(s,k)]} V(s,k). Then
Ll(s,k) = 1—(¢/ﬂ1) V(s,k).

Type 2 contracts and y(s,r) are slightly more complicated. However,
since firms compete for the labor services of type 2 workers, clearly in
equilibrium wz(s,k),Lz(s,k), and y(s,r) must be chosen to maximize the
utility of a type 2 worker subject to the constraint that their employer earns
non-negative profits. Then wz(s,k),Lz(s,k), and ¢(s,r) must be chosen in

equilibrium to solve the problem

max Uz[wz(s,k)Lz(s,k),l—Lz(s,k)]
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subject to (5) by choice of wz(s.k), Lz(s,k) and y(s,r), with r(s,k)
parametric. Given the assumed form of UZ(-), and given that (5) holds with

equality in any solution, the problem may be rewritten as
(-] 1-6
(6) max ln[«z(s)w Lz(s,k) -yr(s,k)] + ln[l—Lz(s,k)].

This problem has the following solution:

(7 Lz(s,k) =%V s,k

(8) y(s,r)r(s,k) = 61r2(s)q:(s,r:')eL2(s,k)l_e = 9«2(5)(%)1_ew(s,r)e.

Also, since capital markets clear, (8) may be rewritten as

~ ~ 8
(9) k(s)r(s,k) = v _(s)k(s) (4

This, of course, is equivalent to the standard marginal productivity condition

(9') r(s,k) = e«2<s)(%>1'°k°“1

Also, the wage rate received by type 2 agents can be inferred from the

standard marginal productivity relation.

(10) wz(s,k) = (l—e)ﬂZ(S)(%)_eke.

It remains to describe requirements on equilibrium values imposed by

equation (1). Using (9') in (1) yields
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(11) k(s) = si{p(s)«2(1) + [1—p(s)]wz(2)} Vs,

-(1-6) -
where & = 62 . This and y(s,r) = k(s) completes the description of

an equilibrium.

Discussion

Given the choices [[wi(s,k),Li(s,k)]},w(s,r), and the values r(s,k) and
k(s) above, no firm has an incentive to alter its announced contracts or its
choices of capital inputs. Thus, so long as the values k(s) implied by (11)
are feasible (i.e., satisfy ¢(s,k) < yl(s,k) = wlLl(s,k)), the values
derived above are equilibrium values. Moreover, the Nash equilibrium derived
above coincides with the competitive equilibrium for this economy.

As is apparent, the specification of preferences and technology imply
that no interesting labor market behavior is observed in this economy under
full information. 1In parti&ular Ll(s,k) = 1—(¢/wl) and Lz(s,k) =% Y(s,k),
so hours worked in this economy do not vary over the cycle. This will serve

to emphasize that all interesting cyclical behavior in labor markets in the

economy are a result of the presence of private information in labor markets.

III. Equilibrium: Priv;te Information

A. Definition

The equilibrium notion applied under private information is the same as
that of section II, except that now announced contracts must satisfy (2) and
(3).
Definition. A (stationary) Nash equilibrium is a set of announced contracts
{[wi(s,k),Li(s,k)]} satisfying (2) and (3), and a set of values r(s,k), k(s),

and ¢(s,r), such that
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(i) r(s,k) and k(s) satisfy (1).

-~

(ii) w{s,r[s,k(;)]} = k(s) vV s,s.
(iii) given announced contracts and the current value r(s,k), no firm has an
incentive to offer a new contract or to change its per worker capital
stock, where any contract announcements must satisfy (2)-(5).

Before characterizing an equilibrium some remarks are appropriate.
First, any equilibrium displays self-selection of workers by contract
accepted. To see this, fix the choice of capital rentals for each firm and
notice that a "single crossing property" on preferences has been imposed.
Then the usual Rothschild-Stiglitz (1976) argument can be employed to show
that any equilibrium must be a separating equilibrium.

Second, given the assumed form of agent preferences, it is a real
restriction to rule out the use of wage-employment lotteries by firms.
However, the remark in footnote 10 is relevant here.

Third, as in Rothschild-Stiglitz (1976), no equilibrium in pure
strategies need exist. Existence issues are similar, but not identical, to
those that arise in Rothschild-stiglitz (1976). Thus conditions implying the

existence of an equilibrium are discussed in an appendix.

B. Characterization of Equilibrium

Reasoning identical to that employed by Rothschild-Stiglitz (1976)
implies that the incentive constraint (3) is never binding on the contracts

received by type 2 workers in equilibrium. In particular, so long as

-0 ~©
(12) wl > (l-e)wz(s)(%) k(s) Vs,s
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(with k(;) chosen to satisfy (11)), the wage rates received by type 1

workers exceed those received by type 2 workers. Hence type 1 workers have no
incentive to misrepresent themselves as type 2 workers. Condition (12) is
henceforth assumed as a restriction on parameter values.

Since considerations of incentive compatibility do not impinge on the
selection of contracts for type 2 workers, competition among firms for the
labor of these agents implies the same "no surplus" conditions as applied
under full information. Thus type 2 contracts and y(s,r)--the per worker
capital stock employed—-are identical under full information and private
information.

Now consider type (1) contracts. Again, a "no surplus” argument implies
that wl(s,k) = 11 holds V(s,k). Further, competition among firms for type 1
workers implies that Ll(s,k) must be maximal for type 1 workers (given
wl(s,k) = 11) among the set of contracts that are consistent with
self-selection. Thus the equilibrium values Ll(s,k) maximize
«lLl(s,k) + ¢!n[1—L1(s,k)] subject to (2), where (1) has been used to
simplify the maximand. Further, given the assumed form of preferences, (2)

may be written as
(13) ln(%)wz(s,k) + n(%) < !n[wl(s,k)Ll(s,k)] + ﬁn[l—Ll(s,k)]

V(s,k), where (7) has been used in (13), and where wz(s,k) is given by (10).
In equilibrium, then, wlLl(s,k) + ¢ln[1—L1(s,k)] is maximized subject
*
to (13). (13) may or may not bind in this problem. Define L1 to be the

equilibrium level of employment for type 1 agents under full information, so

* *
that L1 = 1—(¢/v1). Then, using the definition of Ll’ wl(s,k) = ﬂl’ and
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(10) in (13), the self-selection contraint (13) binds in equilibrium iff

2

) ~ 0 ¢
(14) (%)(1-6)2 wz(s)k(s) < ¢ - —
w

1

~

where k(;) is given by (11). (14) is henceforth assumed to hold Vs,s,
as otherwise equilibrium values coincide with the equilibrium that obtains
under full information.

Since (145 holds, [wl(s,k),Ll(s,k)] satisfies wl(s,k) = «1, and (13) at

equality. Solving (13) for Ll(s,k) yields

w (s,k)
%

2
(15) L (s,k) = (%) {1+[1 - ——] }.
1 wl(S.k)

It is easy to check that if both values given by (15) are feasible, the one

most preferred by type 1 workers is

w (s,k)
2 %
1}

(15') L (s,k) = ¢&{1 - [1 -
1 wl(s,k)

Since wl(s,k) = 7, and Ll(s,k) are maximal for type 1 workers among all

1
contracts earning zero profits and that are consistent with self-selection,
and since self-selection must occur in equilibrium, these are equilibrium

contracts for type 1 agents if an equilibrium exists. Conditions guaranteeing

existence of an equilibrium are derived in the appendix.
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Finally, capital market clearing continues to require that (11) hold,

for the same reasons as previously,

Discussion

Recall that under full information, equilibrium employment is constant.
When private information is present, the employment of type 2 workers
continues to be independent of the current period state. However, the
employment of type 1 workers, as described by (15'), depends on, and is

positively related to the relative wage rate

-6 ~ 06
wz(s,k) (1-6)12(5)(%) k(s)
(16)

w (s.k) .
1 1

Hence in general the employment of type 1 workers will vary with the current

period productivity shock s, and with last periods' productivity shock

~

s as well (through its effect on the inherited capital stock). Thus
the introduction of private information provides channels for the current
period productivity shock to affect current employment, and also for the
current period produ;tivity shock to affect future employment as well. Since
under full information hours do not vary in this economy, it is therefore
clear that private information provides a device for amplifying hours
variability, and also provides a channel for increasing the “persistence of
disturbances"” to hours and output.

Moreover, the equilibrium is consistent with a number of the
observations discussed in the introduction. First, there does exist

unemployed labor. In particular, the "notional labor supply” of type 1
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*
workers is L. = 1—(¢/w1) at the equilibrium real wage rate « However

1 1’

w (s,k) .

2
L (s,k) = (W{1 -1 - ———]}<1- (¢/7)
1 wl(s,k) 1

by the assumption that ¢ > (%)wl. There is obviously no unemployment among

1
type 2 workers. 1 Then the equilibrium level of unemployment is
_ * *
(17) wu(s,k) = u[Ll—Ll(S.k)]/[vL1+(1—v)L2(s,k)].

Second, the only real wage that can vary here is the real wage of type 2
workers. When wz(s,k) is relatively high, inspection of (15') indicates that
Ll(s,k) will be relatively high (since wl(s.k) = vl), and that u(s,k) will be
relatively low. Hence high levels of observed real wages will be associated
(in the aggregate) with high levels of hours worked and low levels of
unemployment.

Third, this result is obtained without violating micro evidence on the
low person specific correlation between wages and hours. In particular,
Lz(s,k) will be constant while wz(s,k) varies, while Ll(s,k) will vary while
wl(s,k) is constant. Therefore the person specific correlation between real
wage and hours movements will be zero for all agents, despite a positive
aggregate correlation.

Fourth, "wage dispersions” (between type 1 and 2 workers) decline at
"“cyclical peaks", since wz(s,k)/wl(s,k) will be high when total hours levels

are high, and when unemployment rates are low.
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Fifth, it is possible to generate all of these results while retaining
the feature that trends in productivity induce no trends in hours worked. To

see this, replace the technological specifications above with the following

specifications: a type 1 worker employed at time t produces (1+n)t1r1 units of

output per unit time, while L units of type 2 labor and k units of capital at
time t produce (1-!-1'1)1"«2(s)keLl"e units of output. Letting wit(s,k) denote the
time t real wage rate for type i workers in state (s,k), clearly

wit(s,k) = (1+n)twi(s,k). Thus the trend rate of growth in productivity is

also translated into a trend in real wages. However, it continues to be the

case that Lz(s,k) = % Vs,k and that

w (s,k)
2t %
L (s,k) = (W{1- [1 - —————] }.
1 wlt(s,k)

Since w2t(s,k)/w1t(s,k) = wz(s,k)/wl(s,k), no trends in hours will be observed.

Sixth, since Ll(s,k) is varying over the cycle, the relative shares of
the "type 1 worker sector"” and the "type 2 worker sector" in total employment
will vary cyclically. This is also consistent with observation.

It remains to show that the model can generate a sufficiently large
positive co-variation between aggregate (measured) productivity and hours to
be consistent with observation. It also remains to show that significant
"persistence” in hours variation can be generated by the model. The magnitude
of co-variations between productivity and hours or the magnitude of serial

correlation coefficients will clearly depend on parameter values. Thus
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attention is now focussed on a numerical example to provide such a

demonstration.

IvVv. An Example

A. Observations

An example is now presented in order to deﬁonstrate that the fairly
simple model of the previous sections can generate fairly rich dynamic and
cyclical behavior. However, if the only objectives were to generate
sufficient positive covariation between measured productivity and hours along
with positive serial correlation in hours, this would be an easy exercise
because of the relatively large number of free parameters in the model.
Therefore, an example is constructed that is generally consistent with the
following set of observations.
(i) Individuals in the workforce on average work about one third of
available time.
(ii) Postwar U.S. unemployment rates range between 4 and 10 percent.
(iii) Relative wages between construction and manufacturing range between .7
and .8.
(iv) Capital's share in output is quite stable at approximately .3.
(v) The ratio of gross private saving plus corporate saving to GNP is quite
stable at about .15.
(vi) The percentage standard deviation of the capital stock about trend is
1.2 percent.
(vii) The percentage standard deviation of hours about trend is 2 percent.

(viii)The percentage standard deviation of productivity about trend is 1

percent.
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(ix) The percentage standard deviation of hours about trend is 1.8 percent.12
A discussion of serial correlation parameters is deferred until after

presentation of the example.

B. The Example

There are nine parameters, set as follows: 8 = .579, ¢

"
)8
E
1}

8.6, wz(l) =7, w,(2) =6.7, © =%, p(1) = 2/3, p(2) = 1/3, u = 2/3. B

2
is the rate of discount. If the overlapping generations structure of the
model is taken seriously, setting 8 = .579 corresponds to an annual rate of
discount of .973.

It is now possible to compute all equilibrium quantities, as well as
moments of the relevant stochastic processes for endogenous variables. From
equation (11), k(1) = 2 and k(2) = 1.942. The implied percentage standard
deviation of the capital stock about trend (which here is simply the mean of
the capital stock) is 1.5 percent.

Having obtained equilibrium capital stocks it is easy to obtain

equilibrium real wage rates. Obviously wl(s,k) = = 8.6. Also, recalling

2] ¢] ~
that wz(s,k) = (1-9)«2(s)k Lz(s,k) , that Lz(s,k) = %, and defining w_ (s,s)
i

= w [s,k(8)], it is straightforward to compute the following relative wage

i
rates:
w (1,1) w (1,2)
2 2
—_— = 814 — = 802
1 1
w (2,1) w (2,2)
2 2

_ = .779 —_— = .768
w (2,1) w (2,2)
1 1
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Having computed equilibrium values of relative wage rates, (15') implies
that

.278

Ll(l,l) = .284 L1(1,2)

.259

L1(2,1) .265 L1(2,2)

where-Li(s,s) = Lils,k(s)]. It is also possible to compute (aggregate) per

~
ez

capita hours and real wages as follows. Letting L(s,s) denote aggregate per

~ ~
~ -~

capita hours, L(s,s) = uLj(s,s) + (1-uw)La2(s,s). Letting w(s,s) denote

aggregate (hours weighted) real wages (and productivity),

) Ll(S,;) L2<s.§>
w(s,s) = ul- ]wl(S,S) + (1-w) [ ]wz(S.S).
L(s,s) L(s,s)

Finally, per capita output is given by

s ~ ~ @ ~1-0
y(s,s8) = ur L (s,s) + (1-u)w (s)[k(s)] L (s,s)
11 2 2

and the unemployment rate is

* ~
[L -L (s,s)]u
1 1

u(s,s) = ’
*

uL + (1-y)L (s,s)
1 2

since type 2 agents are not unemployed. Then the behavior of aggregate hours

per capita in equilibrium 1513

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

[}
]

- ~

L(2,1) = .343 L(2,2) .339.

It will be noted that, on average, people work roughly a third of available

time. Also, the implied percentage standard deviation of per capita hours
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about trend (mean) is 2.2 percent. (Contrast with an actual value of 2
percent.) Finally, it is possible to compute the first order autocorrelation
of hours per capita, which is .547.

The behavior of average per capita wages is as follows:

a a

w(l,1) 7.851 w(l,2) = 7.795

~ -

w(2,1) 7.686 w(2,2) 7.627.

"
[}

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

-~ -~

y(1,1) = 3.961 y(1,2) 3.894

~ ~

y(2,1) = 3.752 ¥(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 capital output is .73. Finally,

Ll* =1 - (¢/w1) = .302, so that equilibrium unemployment rates are

u(l,1)

]
w
W
3¢

u(l,2)

1]

F'S
W
39

u(2,1)

]

o
S
b

u(2,2)

i

~
O
39

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 varies between .294

and .299. Also the ratio of total savings (as defined above) to GNP here is

given by (1-wk(s)/y(s,s), since (1-u)k(s) is the aggregate level of capital
accumulation. This ratio varies between .168 and .175, which is near the

David-Scadding (1973) value of about .15.
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It remains to say a word about the first order autocorrelations of
output and hours reported above. Kydland and Prescott (1982) report a first
order autocorrelation coefficient for output of .71, so this example generates
the same kind of persistence in output as does the Kydland-Prescott model (if
a period is taken to be a quarter). If the overlapping generations structure
of the model is taken seriously, if a generation is takep to be twenty years,
and if quarterly output follows a first order Markov process, the first order
autocorrelation coefficient for output of .73 reported above corresponds to an
autocorrelation coefficient of .996 for (detrended) quarterly output.
Similarly, the first order autocorrelation coefficient for hours of .547
corresponds to an autocorrelation coefficient of .992 for (detrended) hours
reported quarterly. Thus the example is consistent with quite high (and
perhaps somewhat higher than observed) persistence in hours and output.

It remains to discuss existence issues for the parameters of the
example. As discussed in the appendix, an equilibrium exists if the contract
derived above for type 1 agents is preferred by them to any pooling contract
which at least breaks even for the firm offering it. It is easy to check that
the most preferred pooling contract for type 1 agents (among those that earn
non-negative profits) sets hours equal to zero in all states. Since it is
incentive compatible above to set Ll(s.k) = 0 V(s,k), and since this is not
done, type 1 agents prefer the contract derived above to any possible pooling

contract. Hence there is no issue about the existence of an equilibrium here.

V. DISCUSSION
The model presented above demonstrates that the presence of private

information creates channels for explaining both the high variability of hours
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relative to average productivity (or measured real wages), and the serial
correlation of disturbances. Moreover this can be done while explaining the
presence of unemployed labor, and without contradicting micro evidence on
individual specific correlations between wages (or productivity) and hours.
Moreover, such an explanation is consistent with a range of other
observations, as discussed in sections III and IV.

In order to emphasize the role of private information, the model was
parameterized in such a way that hours do not vary over the cycle under full
information. This objective dictated that several strong assumptions be made
on the form of preferences and technology. Other strong assumptions were made
in order to obtain closed form solutions for equilibrium quantities. The
purpose of this section is to discuss some of these assumptions explicitly.

One feature of the analysis that merits discussion is the issue of
"underemployment” versus "unemployment"”. The model of sections II-IV is
specified in such a way that all workers are employed, although some workers
work less than their "notional supply of labor"”. Thus the model generates
"underemployment” rather than "unemployment"” of labor. This feature of the
model can be dispensed with, however. Smith (1985) presents a version of the
model above in which employment can take an all or nothing form (say because
of indivisibilities), and in which firms induce self-selection by offering
contracts that specify wage-employment lotteries. The results of the analysis
are qualitatively identical to those reported here. Thus there is no need to
object to this model because it focuses on "intensive" rather than "extensive"
margins with respect to employment choices.14

With respect to technology, two assumptions were made that merit

discussion. First, type 1 workers had constant marginal products (wl(l) =
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«1(2) = «1). This assumption permitted hours of type 1 workers to be
constant under full information. It also permitted real wages and hours to be
uncorrelated for individual workers of this type.

Second, it was assumed that only type 2 workers could productively
employ capital. This is merely a simplifying assumption. All that is
necessary to the analysis is that a larger inherited capital stock, ceteris
paribus, reduces the wage differential wi(s,k)/wz(s,k). This reduction is in
accordance with observation (see Reder (1962)). The simplest specification
consistent with Reder's observation has been employed here.

With respect to preferences, several aspects of the specification merit
comment. First, it was assumed that type 2 agents care only about young
period consumption. This is an unnecessary simplification. However, this
assumption, along with the linearity of type 1 agent preferences in cl and c2,
permits an explicit solution for the equilibrium capital stock at each point
in time. Second, the linearity of Ul(cl,cz,l—L) in c1 agd c2 merits comment.
In addition to permitting a closed form solution for equilibrium capital
stocks, this assumption implies a constant ex ante real rate of interest.
This is not strongly at variance with observation (see, e.g., Fama (1975)).

Third, type 1 and 2 agents have different functional forms for
preferences. This again permits considerable simplification without being
essential to the analysis. Smith (1985) presents a version of the model in
which all agents have linear preferences, and which retains the qualitative
features of the specification employed above.

Fourth, the reasons for assuming logarithmic utility for type 2 workers
should be discussed. As is apparent from the discussion of section III, the

utility function of type 2 agents is what matters in the determination of all

hours levels. The assumption of logarithmic preferences permits type 2 agents
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to have equilibrium hours levels that are independent of wage rates. This
assuhption also implies that the equilibrium employment levels of type 1
workers depend on relative wage rates only, in accordance with the arguments
of Dunlop (1950), Keynes (1936), and Solow (1980). The assumption also
permits equilibrium hours levels to be independent of trends in productivity.
Finally, either logarithmic or linear preferences must be assumed for type 2
agents in order to generate explicit solutions to the model.

A word is also in order about informational assumptions, and in
particular, assumptions about what is oﬁservable. It was assumed, for
instance, that individual savings behavior is not observable here. This
assumption can be relaxed without altering the content of the analysis, as
demonstrated in Smith (1985).

Finally, it remains to discuss the use of the overlapping generations
construct in studying cyclical phenomena. First, this assumption is made only
to avoid the complexities introduced by having multi-period incentive
problems. The use of an overlapping generations model permits such issues to
be avoided in a first pass at looking at how private information can affect
cyclical and dynamic behavior in labor markets.

Second, in order to obtain closed form solutions to the model, it is
necessary to assume that capital‘depreciates completely in its period of use.
For such an assumption to be reasonable it is clearly necessary that a
"period” be fairly long, say on the order of a generation as assumed here.

Finally, a remark is in order about the use of such models to examine
issues related to observed magnitudes of variances and covariances in
quarterly data. Nothing prevents one from thinking of events unfolding over
time in some arbitrary way within a period, while the model pins down only

total employment, unemployment, income, etc. during the entire period.
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Magnitudes of observed variances and covariances will not depend (in large
samples) on how frequently data is sampled from an economy, and thus there is
no logical problem with thinking about the economy in this way. Measured
autocorrelations will, of course, depend on frequency of sampling, so

interpretations of serial correlation parameters are more problematic.
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APPENDIX

Existence of Equilibrium

The contracts described in section III are such that [wz(s,k),Lz(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 (4) and (5). Thus, there are no alternate contracts
(or alternate choices of capital inputs plus contracts) that are consistent
with self-selection, with (4) and (5), and that 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 (11) must obey

1-p ~
(=—=)k(s) = &(s,k) < wl(s,k)Ll(s.k). Otherwise required equilibrium savings
M

levels would result which violate type 1 agents' budget constraints.
Parameter values are selected in the text to guarantee that this condition is
satisfied. Second, given that all firms annouce the contracts described in
section III, some firm may have an incentive to offer some other set of
contracts (and possibly choose a different capital stock). Since the
contracts derived above were maximal for each type of agent among all
contracts satisfying (4) and (5) and inducing self-selection, any contract
that attracts workers must therefore be a pooling contract. Such a contract
is now described, along with what would be necessary for such a contract to
attract workers in a profitable manner.

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 are allocated the same quantity of capital. Let ¢ denote the firm's
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choice for a level of capital input. Finally, suppose that all firms
initially offer the contracts and make the capital input decisions described
in section III. Then the prevailing rental rate on capital is given by r(s,k)
= evz(s)(I/Z)l—eke_l. Since firms operate in competitive rental markets, any
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, 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. 1In this context this amounts to a throwing away of
resources. This will make existence 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
indistinguishable, ¢ is allocated evenly among all workers. 1If the firm
attracts workers in their population proportions, then fraction u of this
capital input is allocated to type 1 workers. This is completely
unproductive. Fraction (1-u) is allocated to type 2 workers. Hence with
common hours level L(s,k) and with a per worker capital stock of ¢, type 2

workers (per person) produce 1t2(s)[(l-u)q:]eL(s,k)l_e units of output. Then

per worker output is given by uwl(s)L(s,k) + (l-u)«z(s)[(l-u)wleL(s,k)l—e,

and firm profits are nonnegative iff

(A1) wr) ($)L(s, )+(1-w)w, () [ (1-ww]L(s, 10 O-r (s, 00p-w(s, 00L(s, k) > o.
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Now a pooling contract will attract type 1 workers only if it is
preferred to the separating contract derived in section III. Then consider
the maximal pooling contract for type 1 agents. This contract solves the

problem

max w(s,k)L(s,k) + é2n[1-L(s,k)]
OgLéz&k)gl

subject to (A.1l), where this is the appropriate maximand since the values
r(s,k) satisfy (1). Substituting (A.1) (at equality) into the maximand, then,

yields the unconstrained problem

1+0 o 1-0
® uﬂl(S)L(S,k) + (1-q) WZ(S)W L(s,k)

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

- r(s,K)y + ¢nll-L(s,k)].

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

1+6 1
6(1-u) 7 (S) —
2 1-6
(A.2) ¢ = L(s,k)I

r(s,k)

Substituting (A.2) into the problem (P) gives a problem defining the optimal

value of L(s,k):

1 © 1
1+0 616 1-6 1-6
max L(s,k) {ur (s)+[(1-y) = (s)r(s,k) ] [6e - 11} +
0<L(s,k)<1 1 2
¢ n{l-L(s,k)],

with r(s,k) = evz(s)(1/2)1—eke-l. 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
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at least breaks even. Hence no pooling contract exists which can attract type

1 agents in a profitable manner if

() 1
(—) (—
1-6 1-6
(A.3) uwl(s)Ll(s,k) + ¢ln[1-L1(s,k)] > L*(s,k) {uwl(s)+[9 -0 ]

1 e
(—) ~(—)
1+ 1-6 1-6

e [(1-w) WZ(S)] [r(s,k)] } + ¢éin[1-L*(s,k)]

V s and for all values k(s) satisfying (1). Thus satisfaction of (A.3) by the

values Ll(s,k) given by (15') is sufficient for the existence of an

equilibrium as derived in section III.
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FOOTNOTES
Examples of such work include Hansen (1985), Rogerson (1985), Greenwood
and Huffman (1986), Greenwood, Huffman, and Hercowitz (forthcoming), and
Rogerson and Wright (1987).
Exceptions are Holmstrom and Weiss (1984), Smith (1984a,b), Townsend
(1987), and Williamson (1987).
This literature is too large to permit a complete list of contributions
here. Hart (1983) provides a survey of the early literature on this
topic.
For aggregate evidence see Altonji (1983) and Altug (1984). Some micro
evidence on this point is surveyed by Ashenfelter (1984). Some real
business cycle models [e.g., Hansen (1985)] are able to generate strong
positive co-variation in hours and productivity by having labor supply
be "lumpy", while specifying individual preferences in such a way that
conventional "intertemporal substitution parameters™ are low. However,
such models use representative agent specifications, and hence have
observed individual correlations between hours and productivity (real
wages?) that are as high as those in aggregate data. As pointed out
above, this is inconsistent with observation.
On points (i) and (ii) see Prescott (1983). On point (iii) see Reder
(1962), and on (iv) see Lilien (1982).
The use of such a model in interpreting time series behavior obviously
creates some problems. Some of these are discussed below.
If each worker's contribution to output cannot be directly observed,
then it also cannot be inferred by a firm since any individual has a

negligible incremental effect on a firm's output.
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While the assumption that the aggregate shock evolves according to a two
state Markov chain is restrictive, it is often used as a simplifying
device. See, for instance, Mehra and Prescott (1985) or Greenwood,
Hercowitz and Huffman (forthcoming).
Versions of the model can be produced that preserve all of the results,
and that permit savings behavior to be observed. See Smith (1985).
Smith (1985) displays a different version of this model that permits
firms to offer contracts consisting of wage-employment lotteries. The
results are essentially the same as described here.
The result that unemployment occurs among "high wage" workers only may
appear counterfactual. However, two comments are in order. First, it
is entirely possible to have workers of three or more types, and to have
unemployment among the "next to lowest" type only, where the ordering of
types is with respect to productivity. It would be straightforward to
construct such a model, since as pointed out above, incentive
compatibility constraints may or may not bind between adjacent types.
Such a construction would be consistent with the casual observation that
there is no involuntary unemployment (or perhaps an excess demand for
labor) in the most menial jobs, while an excess supply of labor exists
for more attractive jobs. For simplicity, however, the two type
construction of the text is retained.

Second, at the level of disaggregation of the model in the text, it
is not clear that it is counterfactual to have high wage workers
experience unemployment. In practice, when non-agricultural workers in

non-service sectors are divided into two groups (as in the text), the
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standard division is between construction and manufacturing (see, e.g.,

The Economic Report of the President). Construction workers earn

relatively higher wages and experience higher rates of unemployment than
workers in manufacturing.

On relative wages between manufacturing and construction, see the
Council of Economic Advisers (1982), p. 276. On the relevance of this
measure see the remark in footnote 11. On the ratio of saving to GNP
see David and Scadding (1973). On the percentage standard deviation in
the capital stock see Prescott (1983). The other figures cited are from
Hodrick and Prescott (1981). The two-to-one ratio of variability in
hours relative to productivity has been found in other studies of
employment and real wages for the U.S. and other economies (see Geary
and Kennan (1984)), and for the interwar U.S. economy in various sectors
(see Bernanke and Powell (1984)).

Computation of serial correlation coefficients below requires that these
values be computed to more than three decimal places. Only three
decimal places are reported here for brevity.

For a discussion of this issue see Heckman (1984).
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