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ABSTRACT

An overlapping generations model is developed that contains labor
markets in which adverse selection problems arise. As a response to these
problems, quantity rationing of labor occurs. In addition, the model is
capable of generating (a) random employment and prices despite the absence of |
underlying uncertainty in equilibrium; (b) a statistical (nondegenerate)
Phillips curve; (c) procyclical movements in productivity; (d) correlations
between aggregate demand and unemployment (and output); (e) an absence of
correlation between unemployment (employment) and real wages. In addition,
the Phillips curve obtained typically has the "correct" slope. Finally, the
model reconciles the theoretical importance and observed unimportance of
intertemporal substitution effects, and explains why price level stability may

be a poor policy objective.



The or.igina.l work on the Phillips curve {Phillips (1958), Samuelson
and Solow (19560)) derived correlations between the level of unemployment and
the rate of change of money wage rates or money prices. However, little or
nene of the large theoretical litersture on the Phillips curve proceeds in a
setting where money and unemployment are present simultaneocusly in a genersal
equilibrium model. As an example, perhaps the two most prominent explanations‘
of unemployment have been developed in the search and the implieit contracting
literatures respectively. These efforts at explaining unemployment have thus
far not permitted the incorporation of money. On the other hand, perhaps the
most prominent theoretical model of a Phillips curve with money--~that of Lucas
(1972)~~does not permit labdor to be unemployed. Thus it would seem that there
is a gap to be bridged between theoretical and empirical Phillips curves. The
object of this paper is to provide a model which permits the presence of both
money and unemployment. This will be done in a way which generates a correla-
tion between unemployment and (either wage or price level) inflation exactly
of the nature cbserved by Phillips. In short, the model will provide an
explanation of cbserved Phillips curves.

In addition, the model will provide a guite simple explanation of
other observed features of the business cycle. In particular, the model is
capable of generating the following phenomena: (&} the measured productivity
of labor moves procyclically; (b) a correlation between "aggregate demand" and
unemployment exists; (c¢) real wage movements are acyclic. It will be noted
that together (b) and (¢) imply that, under certain circumstances to be elabo-
rated below, aggregate demand will appear to have more to do with the level of
unemployment than do real wages. Moreover, this will be true even though in
the model, aggregate demand policies may have no ability to influence the

magnitude of output movements.
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The economic setting which gives rise to these results is as fol-
lows. First, there 1s a sequence of overlapping generations. This feature
permits a role for money in the model. Second, members of each young genera-
tion supply labor to firms. Their labor income, in turn, is required for
savings and consumption. Third, each young generation consists of a hetero-
gencus group of agents who vary both in their preferences over alternative
consumption-leisure streams, and in their marginal productivities when em
ployed. Fourth, any agent's productive attributes are private information
unless he can be induced tc reveal them. The presence of this private infor-
mation will create an "adverse selection" problem in labor markets. Fifth, in
order to overcome this adverse selection problem, employers will offer workers
wage-hours packages which use quantity rationing as a self-selection incen-
tive. This feature generates the potential for unemployment in the model.

It will be seen that this structure can give rise to the following
equilibrium outcomes. First, firms may use employment lotteries in equilib-
rium. This will provide a source of randomness in the economy despite the
absence of shocks to preferences, endowments, or technclogy, and despite the
fact that all uncertainty concerning agents' characteristics is resolved in
equilibrium. Second, since some workers face randomized employment prospects
{and, therefore, a random income stream), there will be shocks to the argu-
ments of meoney demand functions, and hence price level fluctuations. This
will provide a correlation between movements in unemplo_y’ment and rates of
change in money prices. Third, if the government attempts, for instance, to
stabilize prices, this will generate a correlation between "aggregate demand"
movements and the level of unemployment.

In short, then, this paper shows that the presence of adverse selec-

tion problems in labor markets is by itself sufficient to give rise to unem-
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ployment. Such problems are also sufficient to generate prominent business
cycle phenomenon of the type mentioned. This is why shocks %o technology,
preferences, or endowments, or shocks generated by government behavior are
scrupulously excluded from the sanalysis. This is done merely in order to
demonstrate that adverse selection problems zlone can account for most of the
qualitative features of the business c¢yele. VWhen exogenously sarising shocks
to technology are also incorporated, Smith (1983) demonstrates that very
simple versions of the model at hand can readily confront several quantitative
features of the business cycle as well.

In addition, the model also permits a reconciliation of other theo-
retical and empirical results on economic behavicr over the business cycle.
In particular, intertemporal substitution effects have played an important
role in recent theories of the business c¢ycle. However, attempts to uncover
such effects empirically have not been notably successful. In the economy
studied below, intertemporsl substitution effects are an important allocative
mechanism. Specifically, they functicn so as to enhance the self-selection
incentives created by employment lotteries. But, since self-selection ig an
equilibrium outcome, these effects will not be observable in any data the
econony generates. Thus, even though intertemporal substitution effects play
a role in determining levels of employment, current empirical attempts to find
evidence of such effects will not be successful.

By way of a final comment prior to presenting the model, it is
useful to relate this effort to some of the literature on quantity rationing
in labor marketsrl/ This literature proceeds in a setting where prices need

not be market clearing, so thet rationing schemes are equilibrating devices.

ijE.g., Bennassy {1975), or Hildenbrand, Larocque, and Younes
(1978).
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Many of the models in this class also contain a commodity identified as money,
although it is now recognized that this is inessential to the models. Thus, a
literature does exist which, while often not explicitly concerned with the
Phillips curve, does allow for unemployment and {(one might argue) the presence
of money. This paper differs from such literature in three mein regards.
First, the role for meney is expliecit. BSecond, the reason why quantity ra-
tioning arises is made explicit. This contrasts with the literature cited
where there is no reason given why markets should not clear. Finally, in
existing macroeconomic literature on quantity retioning, particular rationing
schemes are imposed rather than derived. In the model of this paper quantity
rationing schemes garise endogenocusly. This eliminates the arbitrariness of
rationing schemes in the earlier literature.

The format of the paper is as follows. Despite the fact that the
model is fairly simple, it has a large number of diverse features. Therefore,
for expository purposes, Section I sets forth a static version of the model,
and demonstrates that unemployment mey be used as a self-selection device by
firms. ©Some problems with the static model are pointed out. Section II pre-
sents an augmented version of the model which permits the Iintroduction cof
money. A Nash equilibrium with money is then defined. Sections III and IV

present the main results. These are as follows.

1) An overlapping generations model containing labor markets where
adverse selection problems are a feature is capable of explaining
ohserved Phillips curves.

2)  The "shocks" which underly this Phillips curve are neither "real" nor
"mominal,” as these terms are typically used, but arise as an endoge-

nous outcome in the model.
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3) Intertemperal substitution effects play an important allocative rele,
but will be unobservable in economic deta.

4}  Certain government policies will imply a (perfect) correlaticn be-
tween government "stimuli" +to' "aggregate demand,” and levels of
cutput and unemplcyment.

5) This is true despite the fact that these "stimuli" may be purely
passive, and unable to influence the magnitude of output movements.

6) The model explains observed procyclical movements in measured produc-
tivity.

7)  "Problems" which arise in the static version of the model are re-
solved by the introduction of money and the focus on a dynamic set-

ting.

In additicon, it is demonstrated that some traditional views regarding roles
for money are incorrect. Specifically, it 1s often suggestedg/ that the
presence of money reduces the social costs of acguiring a given level of
information about goods and services being exchanged. It is demonstrated as a
by-product of the analysis that the social costs of fixed information acqui-
sition can rise when money is introduced intoc an econony. Finally, these
gsections contain some additional results which serve to indicate the range of
pessible equilibrium ocutcomes for the set of economies at hand. Section V
concliudes.

At this point, a final comment on the mode of analysis is in order.
Subsequent arguments are often illustrated by example. The reason for this is
that a characterization of when certain outcomes will arise is impossible at

arny practical level given current knowledge of adverse selection settings.

ngee, e.g., Brunner and Meltzer {1971).
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Section I contains some comments on this point, and some of the results of
Section III1 msy be viewed in part as further evidence on the impossibility of
generalizing the analysis. In order to maintain a perspective on this lack of
generality, it will be useful to keep in mind the relatively specifiec nature
of other analyses of Phillips curves, such as Lucas' (1972), or of treatments

of unemployment, such as search theoretic treatments.

I. A Static Model With Unemployment

The purpose of this section is to lay out a simple static model of a
labor market in which unemployment arises in response to an adverse selection
problem. This serves as a prelude to expanding the model so as to include
money. As the tone ¢f the paper is largely illustrative, the model presented

is the simplest one possible which illustrates the peints of interest.

A. The Model

We consider in this section a model in which there are three general
classes of agents. The first we term entrepreneurs, whom throughout we equate
with firms. The second and third classes consist of agents who will be firm
employees, or workers. Thus, there are two types of workers, indexed by i =
1, 2. The difference between firms and workers is that workers are endowed
with labor which they can sell, but are not endowed with access to a tech-
noclogy for converting labor into produced commodities. For entrepreneurs the
situation is reversed. The differences hetween the two types of workers are
twofold; type 1 and 2 agents differ in their preferences over consumption-
leisure bundles, and in their marginal products in produetion.

There are only two goods in this economy, labor and a produced
consumption good. In addition, there is an exogenously given set of events E,

with & typical element of E denoted by e. Then we indicate the consumption of



-7 =

a type i agent in event e by Ci(e), and the number of hours worked by a type i
agent in e by Li(e). The preferences of a type i agent over consumption-labor
pairs are denoted by Ui:Rf + R, and all agents have von Neumann-Morgenstern

preferences. We will variously employ the following assumptions on the Uj:

(1) u; & €2

(i1) D, Uy(c,L) >0
(1i1) D, U;(C,L) < 0
(iv) U; concave,

where Db is the derivative of what follows with respect to its Jth argument.
Finally, all workers are endowed with a single unit of labor, and nothing
else.

As indicated above, production is carried out entirely by firms,
with there being free entry among a finite number of entrepreneurs into the
activity of goods production. Entrepreneurs care only about consumption, and
are risk neutral. Technology is as follows. For each unit of type i labor
hired by any firm, LE units of the consumption good can be produced. The w;
are scalar constants obeying m; > W,. In addition, the values of the 7; are
known by firms. However, the index of any worker is private information ex
ante and, moreover, each firm observes only its total output ex post, i.e.,
the individual contribution of any worker to production is not directly ob-
servable by firms. Thus, an agent's index (and marginal product) is revealed
to firms iff they can induce workers to sort themselves according to some
observable attribute. In the static version of the model the only such at-
tribute is the number of hours that any agent is willing to work under various

circumstances. Thus, an agent's index (type) is identifiable by firms iff
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Li(e) # Ly(e) for some e € E in equilibrium and, therefore, different agents .
receive different wage rates if, and only if, L,(e) # Ly(e) for some e.

Let w;{e) denote the (real) wage rate received by type i agents in
event e. If the equilibrium outcome has Ll(e) # L2(e) for some e, then
agents' types are distinguishable, agents of type i receive wage rate wi(e) in
e, and firm profits per type i agent hired are [m;-w;(e)lL;(e) in e. (Againr,
profits are measured in terms of the numeraire consumpiicon good.) If, on the
other hand, Ly{e) = L,(e) in equilibrium, agents' indices are indistinguish-
able, and there is only a single market wage rate for each event, w(e). Under
such circumstances the firm views each agent's marginal product as a random
variable drawn from the population distribution of marginal products. Let 6
dencte the proportion of the population of consisting of type 1 agents. Then
the mean population value for marginal products is W = o, + (1-6) 75, In a
case where types were unobservable in equilibrium, then, per capita expected
profits in event e would be [m-w(e)lL(e) for each firm, where L{e) is the
common value of the L;{e). Each firm, as indicated above, is an expected
profit maximizer, where expectations are taken with respect to the information
revealed in equilibrium.

At this point, it may not be obvious why an exogenous set of events
has been introduced given that preferences, endowments, and technology are not
sublect to randomness. The reason for its introduction is that firms may
offer workers employment contracts which are different types of lotteries in
order to induce sorting of worker types by contract accepted. The set E is
important only in that its cardinality restricts the number of different
lottery outcomes that can he specified in the contracts offered by firms.

Finally, it remeins to make one additional assumption on preferences

across workers of different types. This is



(v) ¥ (c,1) e [o,m] x [0,1],
3C aC
L T )
dU1 =0 dU2 =0

{(v) implies the existence of some kind of correlation between productivities
and preferences. In order to interpret this, one might think of the U;( ) as
indirect utility functions derived from a model of home production in which
worke?s of different types have similar preferences over home-produced goods
and other goods, but in which productivities at home and in the marketplace
are correlatedpif One would think of the natural case as being a positive
correlation, and in fact we focus below primarily on the case
aC ac

[} — ——
(v') 3L 3L

dUl=0 dU2=0

for any value (C,L}. This also happens to be the case which leads to unem-
ployment of labor. In any event, it is the attempt by firms to find self-
selection incentives which exploit (v) that gives rise to the interesting

features of the subsegquent analysis.

B. Equilibrium

In this paper, a Nash equilibrium concept is imposed on firms which
compete for the servieces of the workers described above. This competition
occurs through the announcement of wage employment packages offered by each
firm. The fact that there 1s free entry into produdtion, or equivalently,

that firms may compete for the same set of workers implies that in equilibrium

éfI would like to thank Ron Michener for suggesting this interpreta-
tion.
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a number of "no surplus" conditions mst be saﬁisfied by these announcements.
In order to elaborate on these, and to motivate the remsinder ¢f the equilib-
rium conditions, it will be useful te begin with a discussion of the set of
wage-hours packages which firms might offer.

To begin, then, as firms choose the wage-hours packages which they
offer, they must decide whether or not they wish to discriminate between
workers of different types. If they wish to do so, then they must induce type
1 and 2 workers to select different sets of wage~hours combinaticns, i.e.,
they mst induce self-gselection among workers. This can typically be done in
several ways, however. The simplest one is through exploitation of the cor-
relation between preferences and productivity embodied in {v}. Such exploita-
tien will turn out to inveolve quantity rationing of labor, as we will see
below. But to go beyond this simple version of quantity rationing, it might
be the case that randomization of wages and employment levels can be used te
induce self-selection (Smith (1982)}. 1In this case firms will offer workers
lotteries involving various wage-hours combinations.

It remains, then, to elazborate on the nature of these lotteries. As
indicated previously, there is an exogenously-given set of states, E. The
only function of this set is to determine the number of possible wage~employ-
ment packages that any worker may receive, which is #E. In particular, firms
may choose the wage received by a type 1 worker in e, the number of hours
worked in event e, and the probebility that event e will occur, ple}, subject
of course to

1 ple) =1,

eeE
In short, wages and hours might be determined by a coin flip, but we allow
firms to choose the probability of the occurrence '"heads." We assume alseo

that lottery outcomes are independent across firms.
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The choices of firms are subject to several restrictions, of course.
The first of these is that the choices ple), w;{e), and Li(e) mist be consis-
tent with self-selecticn, if this is the obJective of the lottery. BSecond,
the employees of any firm mist not prefer to work for some other firm. Fi-
nally, it will be noted that lotteries are run by firms, i.e., firms determine
the probabilities of their outcomes. Thus, we require that firms have no
incentive to announce a probability p(e) for event e, and then run a lottery
with some other true probability for the occurrence of e. This, in turn,
requires that profits be equal across states of nature. In light of this
restriction as well as the free entry assumption, then, firms are clearly
restricted to choose wile) = 7, ¥ e if Li{e) # Ly(e) for some e, and w,(e)
=7 ¥ i, e if Ly(e) = Ly{e) vec¢ g4/

These equilibrium conditions have several consequences. First, if
Li(e) # Lyole}, the lottery {p(e),Lo(e)} .y mist be maximal for type 2 agents
over the set of such lotteries given that wé(e) =T, % e. If this were not
the case, some other firm could offer an alternate lottery which type 2 work-
ers prefer, and which earns nonnegative profits. Second, if Ll(e) # L2(e),
the lottery {p(e),l {e)} . p mist be maximal for type 1 agents over the set of
lotteries consistent with self-selection, given that “1(3) =Ty ¥ e Third,
if Ll(e) = Ly(e), type 2 agents are in some sense "mimicing” type 1 agents.

Then, for the same reason as above, the lottery {p(e), L{e)} (where L(e) is

eeE
the common value of Li(e)) mist be maximal for type 1 agents cover the set of
such lotteries given that wy(e) =7 ¥ 1, e. Fourth, as we take firm behavior

to be Nash, noc firm can have an incentive in equilibrium to offer a different

-E/Note that this restricticn is a result of the assumed envirconment,
i.e., of the assumption that the true probability of event e is not observable
to workers.
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lottery, given the actions of other firms. Finally, following Rothschild and
Stiglitz (1976) and Wilson (1977), we also require that all lotteries are such
that firms at least break even on each agent employed. Thus we have the

following

Definition. An equilibrium is a mapping for each firm, [wi(e),wé(e),Ll(e),

Ly(e),p(e)]: E~ Ri X [0,1], satisfying
(a) wi(e) =w, %ecE if Ll(e) * Le(e) for some e,
wile) = mTveckE, i=1,2if Li(e) =Ly(e) v e

(zero expected profits in each state)
(v) L ple) Uy [y (e)iy (o)L ()] 2

% ple) U [wz(e)Lg(e),Lg(e)]
(if Ly(e) # L,(e) for some e, this must be incentive compatible for type 1

agents, otherwise this holds trivially)

(e) ple) u, Iwé(e)Le(e),L2(e)] >

=~ =~

p(e) U, [w,(e)L, (e),L,(e)]

(self-selection for type 2 agents)

(a) p(e) and Ll(e); ecE maximize (given the values L,(e))
% p(e)Ul {wl(e)Ll(e},Ll(e)]

subject to, (a), (c), and

J ple) = 1.
E
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(e) if Ly(e} # Ly{e) for some ecE, then [cy(e),Ly(e)] is
maximal for type 2 agents in the set {[Cz(e),Le(e)]:

Cole) € wolelln(el} # ecEe

(£) there does not exist an alternate mapping [;1(e),;2(e),
il(e),ﬁz(e),;(e)]: E + R: X [0,1] which, given the
actions of cother firms,

i) attracts any workers, and
ii) earns nonnegative expected profits given the workers

it attracts.

We have used several facts to simplify the definition. First, (b)
never holds with equality in equilibrium (as shown in Smith (1982)). There-
fore, {second) type 2 agents will always face a trivial lottery if self-selec-
tion obtains, so the values ple) are determined striectly by condition (d).
Finally, it will be noted that randomization of employment will occur only if
Ly(e) # Lo(e) for some e, and (c) holds with strict equality. If these condi-
tions do not hold, concavity will dictate nonrandem outcomes.

Prior to proceeding, several comments about this definition are in
order. First, it will be noted that the consumption of each agent may be
contingent on at mest #E events in the conditions defining an equilibrium.
This implicitly rules out the trading of "unemployment insurance” claims
between agents employed by different firms. The reason for such a restriction
is that it substantially simplifies the analysis. It is readily verified that
none of the results of the paper, as well as none of the results referred to
in Smith (1982) are dependent on this assumption; i.e., the restriction is not
binding in the demonstrations of the propositions which follews. However, for

mere general economies the restriction will bind. We de not comment further
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on this, but it shouid be noted that other models of unemployment and the
Phillips curve, as well as other adverse selection models, also rule out
trading of this ty'pe.-i-/ Thus, this is a common restriction.

Second, in adverse selection settings of the type under discussion
the appropriate equilibrium concept is itself a matter of controversy. The
eguilibrium notion employed here 1is a straightforward wvariant of the Nash
concept of Rothschild and Stiglitz (1976). However, two problems with this
definition are that an equilibrium need not exist, and even if equilibria do
exigst, they msy be suboptimal. Thus, some comments on the choice of equilib-
rium concept are in order.

One point of note is that we could easily have adepted the notion of
equilibrium introduced by Wilson (1977), for which an equilibrium here would
always exist. This would necessitate only minor and obvious changes in the
wording of what follows, since when 2 Nash equilibrium exists, it coincides
with the Wilson equilibrium. This approach has not been taken since the
phenomena ©f macroeconomic interest arise here precisely in the case when a
Nash equilibrium does exist. Thus, employing the Wilseon equilibrium concept
would not expand the scope of the discussicn.

With regard to the second problem, game forms which induce optimal
allocations have yet to be devised for the settings under discussion. How-
ever, it is readily checked that optimal allocations {(supported through the
use of money) have all of the qualitative features of the Nash equilibria dis-

cussed below (when these exist)}, sc that again the discussion could be focused

-S-IE.g., Lucas {1972) rules out trading between "islands." Also, the
implicit contracting literature clearly requires an absence of markets in
"employment" insurance. In the adverse selection insurance literature, it is
a standard assumption that individuals deal only with a single insurance
CcOmpany .
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on Pareto optimal allocations with only minor and obvious changes in the
wording of the arguments which follow.

Finally, it will be useful as a matter of terminology to define two
additional terms. The first, a nonstochastic equilibrium, is defined for two
reasons. In particular, it will often be useful to consider the simplest
possible circumstance, which is one where firms are assumed nct to employ
lotteries. Moreover, this situation will serve as a useful reference point in

what follows. Therefere, we provide the following

Definition. A nonstochastic equilibrium is an equilibrium satisfying the

additional restriction

g L:le) =L:le*} we, e* ¢ E; i =1, 2,
(g) s(e) = L;(e®) *
and with (f) amended to

(") there is no alternate mapping le(e),we(e),Ll(e),
L

, X [0,1] which

L(e),ple)]: E R

i) attracts any workers,

ii) earns nonnegative expected profits given the workers
it attracts and

iii) satisfies Li(e) = Li(e*), wi(e) = wi(e*) ¥ e, e¥ ¢

E, i =1, 2.

Finally, we wish to define what is meant by unemployment. The usage

of this term is quite conventional. Let Li(e) be the utility maximizing value

of labor supply for type i agents in event e given the prevailing equilibrium

{real) wage rate. Thus L; is the "notional labor supply” of type i agents,

which is independent of e by condition {a}. Then
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Definition. An unemployment equilibrium is an equilibrium in which Lj(e)

< Li for some i for scme e.

Ce Results
The following propositions are demonstrated in Smith (1982), and are

merely repeated here.

(1) There exist economies where a nonstochastic equilibrium fails to
exist, but which do have an equilibrium with nondegenerate employment
lotteries.

(2) There exist economies with a nonstochastic equilibrium, and a Pareto
superior {stochastic} equilibrium.

(3) Any equilibrium bas Ly(e) # L,(e) for some e (i.e, types are revealed
in any equilibrium).éj

(4) There exist economies where unemployment of labor is an equilibrium

cutcome.

Notice that together (1) and (2) imply that nondegenerate employment
lotteries are sometimes an equilibrium outcome. This is the case despite the
following implication of (3): in any equilibrium all ex ante uncertainty is
resolved. In particular, there are no shocks to preferences, technology, or
endowments. In addition, uncertainty about agents' types is reseclved prior to
the occurrence of any ecconomic activity. Therefore, there is nc objective
uncertainty in equilibrium. Nevertheless, employment and cutput may be sto~

chastic.

éfThis is a straightforward extension of a result in Rothschild-
Stiglitz (1976).
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Unfortunately, useful conditions characterizing when employment
lotteries occur do not appear possible to obtain in this setting. In order to
illustrete this, Smith (1982} presents an example in which two economies are
identical except that the marginal utility of consumption differs across type
2 agents in the two economies. Moreover, preferences In the two economies can
be made arbitrarily close in the sense of Kannai (1970). Nevertheless, one
econony displays adverse selection problems, unemployment, and employment
lotteries in equilibrium. The other behaves as if there were full (public)
information. Therefore, small perturbations of economic data can drastically
effeet the nature of an equilibrium, preventing useful characterizations of
when certain ocutcomes arise. For this reason, the remainder of this paper is
illustrative, as it is difficult to comment on the generality of certain
results to be obtained.

It remains in this section to indicate the nature of an equilibrium
with unemployment. It suffices for this purpose to focus on a nonstochastic
equilibrium. An economy with a nonstochastic unemployment equilibrium is
depicted in Figure 1. In this figure, the loci labelled C = ;L are the zero
profit loci for firms employing type i agents, and the loci labelled‘ﬁi are
indiffarence curves for type i agents. If the economy depicted were one with
full public information regarding workers' types, the eguilibrium values of
the L; for this economy would be L{ and Lg, which are the levels of employment
where an indifference curve for a type i agent is tangent to the C = niL
locus. Now consider the same economy with private information. As indicated
above, in a nonstochastic equilibrium L; # Loe Therefore, agents' types are

observable, so

L, = argmsx [Ug(ngL,L)] = LE



c/

mLa

Figure 1

An Unemployment Equilibrium

)
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as before. L, is determined in equilibrium by the condition that (Cy,L;) must
be maximal for type 1 agents among the set of (C,L) pairs resulting in non-
negative firm profits, and which are incentive compatible. Thus, the equilib-

rium value of L1 is the solution to the problem
max UI(IIL,L) subject to

Ue(nlLl,Ll) < Ué(naLg,LE).

Now, clearly the incentive compatibility constraint is binding for the economy

at hand, as (7 LI,LI) is preferred to point A by type 2 agents. Therefore, L,

1
is determined by

Up(m Ly 5Ly ) = Up(wyL8,18),

the solution to which is point B in Figure 1.1/

It will be noted that in this equilibrium L, < LI, so that there is
unemployment of labor. This quantity constraint arises to resolve adverse
selection problems in the economy. Thus, it is the case that the econonmy
under consideration provides a rationale for rationing; i.e., quantity ration-
ing is not imposed a priori as in mch of the macroeconomic literature on
quantity constrained equilibria.

Finally, it will also be noted that the set of unemployed agents in
the economy are workers with high marginal products. This will be the case in
any such static economy with unemployment. While this is actually not at
variance with U.S. experience (Smith (1982)), it does contrast with normal

perceptions of which agents in an economy experience unemployment. Also it

I!We can guarantee that this is, in fact, an equilibrium (i.e., rule
out existence problems) by appropriate choice of 6.
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should probably be viewed as a shortcoming of the model that only one type of
worker experiences unemployment in this setting. However, as we shall demon-
strate in the next two sections, these aspects of the model can be rectified

as we move to consideration of a dynamic model with money.

II. The Model With Money

A. Description

In this section we expand the model of Section I to permit the
intreduction of money. This will ellow an analysis of the relationship be-
tween rates of increase in money prices (or money wage rates) and the rate of
unemployment in the model. As the economic setting of this section is a
fairly straightforward extension of the static one, the description of the
econoly can be fairly brief.

In order to accommodate a role for money, then, the economy of
Section I is embedded here in an overlapping generations model. The nature of
this model is as follows. Time is discrete, and indexed by t =0, 1, « + . &«
At t = 0, there is an initial old generation, which is endowed with the entire
stock of fiat money, M, and nothing else. For the present, we take this stock
to be fixed across time and states of nature (this will be relaxed below). At
t = 0, there is also an initial young generaticn consisting of three types of
agents: entrepreneurs, and workers of types 1 and 2. Fntrepreneurs are again
endowed only with access to technology. The endowments of type i workers are
as follows. When young, all workers are endowed with a single unit of labor,
and nothing else. When old, all workers are retired (they have no endowment
of labor), and type i workers have endowment n; of the single consumption
good, which is also produced as previously. As is clear from the context, all

agents are two period lived, and at t = 1, there is a nevw young generation,
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etc. In order to keep complications to a minimum, all generations are identi-
cal in size and composition (except for possibly the initial old), and all
generations have access to the same technology (described in Section I). Ex
ante availability of information, and the transmission of information are the
same as before, with one possible exception to be discussed below. Finally,
we assume that there are N entrepreneurs at each date (N finite), and hence at
most N firms.

Each young agent, it will be noted, cares only sbout consumption {of
the single good) when young, consumption when old, and hours worked when
young. As previocusly, consumption and employment levels may be determined by
lotteries run by firms, despite the absence of underlying uncertainty in the
model. We retain our assumption that trading of eclaims in employment insur-
ance is ruled out {this is inessential for all of the results in Section III
below), and also rule out insurance markets for old age consumption. (This is
inessential as well, and serves merely to economize on notation.) Neverthe-
less, for reasons to be elaborated, consumption in both periocds may depend for
any agent on the outcome of the lotteries of all firms. Recall thet there are
at most N firms. Then, as before, each firm has at most #E possible outcomes
for its lottery. Let E = :b(] E, so that #E = N{#E). Let a typical element
of E be denoted e. Then wejgj.:note the hours worked by a type 1 agent in event
e by L;{e) (this is determined by the lottery of his employer only), the youth
consug@tion of a type 1 agent in event g by Cli(g), and the o©old age consump-

tion of a type i agent by C (g,g’) if the sequence of events g, ¢' is experi-

2i
enced. Throughout we use &' {or e'} to denote "next period's event." We
focus only on {stochastic) steady states, so we omit dates on these variables.

In order to complete our description of trading in this economy, we

describe the instruments available to any agent for transferring goods between
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periods. There are twoe of these. First, agents may borrow and lend. We let
X4 denote the borrowing of a type i agent {which will depend typically both on
whether or not agents are distinguishable, and on the event g), which takes
place at the gross interest rate R(g) in ¢. ©Second, agents may hold money.
We let Mi denote the nominel balances of a type i agent (which will also
depend c¢n the identifiability of agents, and on g). We retain our choice of
the consumption good as numersire, and let S(s) be the goods value of money
in e. (8(e) is the inverse price level in g.)

Type i workers have preferences over nonnegative triples {Cl,ce,L)
denoted by Ui: RE + R. Given these preferences, it remains only to describe
the manner in which type i agents choose their portfolios. To this end,
notice that agents accept a particular wage-employment lottery prior to the
occurrence of production. Thus agents discover their period one income only
suibsequent to accepting a given set of wage-hours opportunities. They then
select their portfolios after the reaslization of the ocutcome of the complete
set of lotteries. Thus their income depends on how, and whether, they have
been identified, and (possibly) on the outcome of & lottery run by their
employer. Therefore, consider an arbitrary type i agent who has received
income y and level of employment L as a result of the state of information and
the realization e at his firm. The current value of money is S(g), the
current interest rate R{g), and the agent knows the objective probabilities
of future events, and hence of future values S(g'). Therefore, his choice of

portfolio is made so as to solve the (competitive) problem
1
max E U, IC,,(g),C,, (g,8"),L]

subject to
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Cli(g) <y + xi(g) - S(g)Mi(s)

C,:(e,e') <

24 + 8(g' M, () - R(e) x,(g)

i

by choice of xi(g) and Mi(s); Mi(s) > 0. This problem gives rise to the

following demand correspondences for loans and money:

Mi(s) ¢i[s{3),{s(g')}EEE,R(Q},y,L]

x,(e) =y, [s(e),{5(g")} p.R(g)sy,L]5 1 =1, 2.

gEE?

We assume throughout that agents' portfolios are not observable by firms, so
that these correspondences govern the portfolio choice of workers under any
8/

circumstances.~

Finally, it will be convenient to make the following assumptions.

(vi) DJUi(Cl,CQ,L) 303 £ ) = 1, 2
(vii) D3U,(Cy,C5,L) < 0
(viii) U, strictly concave, U; concave.

It will also prove convenient to restrict the set of lottery outcomes which
can be employed by firms. To this end, we assume that a feature of the en-

vironment in which firms operate is as follows:

(ix) if Ly(e) # L;(e*) for some i, for some e, e* € E, then

either Ly(e) =1, or L;(e) = 0 for this i.

§!This is not essential in any results. It does seem the most
natural assumption, however, in that agents have not selected their portfolios
at the time they begin their association with a firm. It should also be noted

that the timing of the events described in the text is not essential to the
results which follow.
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Assumption (ix) says that firms may offer only two types of lotteries: a
degenerate lottery, or a lottery where workers are either employed "full
time," or not at all.

Some comments on assumption (ix) are in order. First, the restric-
tion on outcomes of a nondegenerate lottery is imposed only because we wish to
solve for the equilibrium of some sample economies. This would not be a
tractable problem without {a version of) (ix). Second, (ix) closely resembles
some assumptions made in the implicit contracting literature regarding the
indivisibility of labor. It should be thought of as somewhat analogous to
these assumptions, but with the difference that here it is an inessential
convenience, Third, the fact that firms are allowed to coffer any level of
employment iq & degenerate lottery demonstrates that equilibrium employment
lotteries are not a result of some "indivisibility" assumption. Finally, in
light of (ix), it is obviously not a further restriction to also assume that
#E = 2. VWith these ccomments in mind, we are now prepared to define an equi-

librium for this economy.

B. Equilibrium

The definition of a {Nash) equilibrium for this monetary economy
clogely parallels that for the static wversion of the same econony. The
changes which are required are as follows. First, there are additional condi-
tions requiring the clearing of (competitive) loan and money markets. Second,
the labor market behavior of firms is amended to take account of the optimiz-
ing portfolio choices of each agent.

For the purpose of defining this equilibrium, it will be useful to

provide some additional notation. Let n index operating firms, n=1, ..., N';

N' < N. Then let elements of the vector ¢ take the form g = (e),.e.,eytl,

where e is the event realization for firm n. Denocte the N' - 1 vector g with
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th n

its n“" element removed by e @ = (el""*en-l’en+l""’eN’}‘ (It will be

recalled that lottery outcomes are independent across firms.) Also, let

=1

E E) X eee XE X E o X eeu X Epy,

where E  is the set of events for firm n. Finally, define

Vi[w(e)L(e),L(e);g] p(e') U, {w(e)L(e) +

L
E

lpi[-,w(e)L{e) ,Lie)] S(s)¢i [-,w(e)L(e),L(e)] Ny *

s(g')e, -] - R(gy, [-],L(e)},

which is simply the expected utility of a type i agent given employment L(e)
and income w(e)L(e), in current period state g.
With this additional notation, we are now prepared to present the

following

Definition. A (Nash) equilibrium with money is a mapping for each firm
[w(e),wy(e),Ly(e),Lo(e),p(e)]: E > Ri X [0,1], and a mapping [S(e),R(e)]:

E~» Ri satisfying

(i) either L;(e) =1 or Li(e) =0Owect E, or Li(e) = Li(e*)

¥y e, e¥ e E

(J) wile) =m;, v ee E if L,(e) # Ly(e) for some e,
vi(e) =mwveeE, i=1,21if Lj(e) =Ly(e) v e
(k) %p(g) Vllvl(s)Ll(g),L'l(g);g] >

1 ple) vy vy (e)L,(e) Ly (e) 5e]

=
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(1) ép(g v, [wy(e)L,y(e) L (e) el 2
% plg) v, [w, (e)r, (e),L, (g)s¢l
(c0n§itions (k) and (1) are the self-selection conditions; they hold trivially
if Li(e) = Ly(e) v e € E)

(m) p(e) and Ly(e); ecE maximize (taking the values Ly(e)

and the choices of other firms as given)
p): ) vy [w, (1)L, (1)1, (1) 5 1,1)] +

) v, b (201, (2) 1, (2)5(e7™,2)1, &/

zt:le
< )

where p = p(1), subject to (i), (j) and (1)
(n) if Li(e) # Ly(e) for some (e) then,
L2(e) = argmax {Velwe(e)Le(e),Lz(e);gl} ¥ ecE.

(o) there does not exist for any firm an alternate mapping
[;l(e),ae(e),El(e),£2(8),£(e}1 satisfying (i) which,
given the actions of other firms,

i) attracts any workers, and

ii) earns nonnegative expected profits given the work-

ers it attracts

(p) ) ¢i(-) =0vec€E
(q) ) wi(-} =MweckE,
Qj(s-n’e) = € as a notational convenience.
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where the summations in (p) and (q) are summations over members of each young
generationvigf

At this point, it will be useful to present a preliminary result
which will aid in interpreting some of the propositions to be presented in

Section III. This is

Proposition 1. If

3y ¥y
(1) oL * 3
Dvl(ysL§,§)=0 DV2(Y,L;S)=O

¥ (y,L,g) such that y = =L, then each worker's type is revealed in equilib-

rium.

Proof. Suppose the contrary. Then there will be a common value of L{e) for
all workers ¥ e {at each firm, since all firms have equivalent "best" strate-
gies with regard to inducing revelation of type). Therefore, by condition (m)
and concavity of Uy, L is nonstochastic, and by condition (J), w; =T & i.
Also, in order for such an arrangement to be an equilibrium, no firm can have
an incentive to change its actions, given the actions of other firms.

Case 1. Suppose that

(2) 3y > 3y

aL L

dv2=0 dvl=0

at the values y = L and L dictated by (m). Then suppose that some firm
elters its (nonstochestic) wage-hours package by offering income of y + £ and

hours L + 8§; €, § > 0, with € and § satisfying

10/T¢ should be noted that conditions (m) and (n) are consistent
with (i), This is true since {J} implies constant wages, and in light of
this, (m), (n), and concavity of the U; will imply constant values of employ-
ment in the absence of lotteries.
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Sy £, 3y
(3) 3L >33

dv2=0 dv1=0

(evaluating these derivatives at y = 7L and L). This is possible by (2).
Then it is readily verified that for €, § sufficiently small, type 1 agents
prefer the new wage-hours package while type 2 agents prefer the initial
package. Therefore, the deviant firm attracts only type 1 agents. Thus, for
€, 6§ again sufficiently small, the deviant firm mst earn a positive profit.
This contradicts the supposition that the initial arrangement could be an
equilibrium. Hence, this case is impossible.

Case 2. This case is symmetrical to Case 1, but with (2) replaced by

y dy
(%) aL < &

dv2=0 dv1=0

A contradiction can be derived in the same way, but with €, § < 0, and with €,
§ satisfying
(5) L <E<X

oL oL ?

dv2=0 dv1=0

which is possible by (4). This contradiction establishes the proposition.

Proposition 1 states that all uncertainty regarding workers' mar-
ginal products must be resolved in any equilibrium (so long as the fairly weak
condition (1) is satisfied). Therefore, since there are no shocks to prefer-
ences, endowments, or technology, this class of economies displays no under-
lying uncertainty in equilibrium. Nevertheless, some economies in this class

will give rise to endogenous business cycles.
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Finally, it will be useful as a reference to define a nonstochastic
equilibrium; i.e., an equilibrium in which firms are restricted to offer only

degenerate lotteries. Thus, we provide the following

Definition. A nonstochastic (monetary) equilibrium is an equilibrium with (i)

replaced by
(1) Li(e) = Li(e*) v e, e* e E; i =1, 2,
and (o) replaced by

(o") there does not exist for any firm a degenerate lottery
which, given the actions of other firms,
i) attracts any workers, and
ii) earns nonnegative expected profits given the workers

it attracts.
An unemployment equilibrium is defined as previously.

ITI. The Phillips Curve

This section establishes the potential existence of a (stochastic)
Phillips curve, and some of its properties for the economy of Section II. In
demonstrating the presence and features of this Phillips curve little effort
is made at attaining maximum generality. The reason for this is as follows.
As indicated in Section I, there is little of generality to be said regarding
when an equilibrium will exist, and if one exists, when employment lotteries
will be an equilibrium outcome. As the model of Section I is a special case
of the Section II economy, this comment applies here as well. In short, we
have nothing useful to say about when stochastic Phillips curves will arise.

However, we do show, for a certain class of economies, that if they arise they
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will ™ormally” have an appropriate slope (relative to. actual Phillips
curves). Thus, while it is difficult to know in advance when these Phillips
curves will be observed in eguilibrium, our model requires very little struc-
ture to obtain an "appropriate"” slope for them when do occur. This is not the
case for other models of the Phillips curve.

Put briefly, the results of this section are as follows.

(1) An adverse selection econony with money can give rise to a statisti-
cal Phillips curve and a business cycle. This is true despite the
absence of underlying uncertainty and the constancy of underlying
parameter values.

{2) If there is only one operating firm in equilibrium, normality of
second period consumpticn and a nonnegative derivative of.savings
with respect to real interest rates are sufficient for the Phillips
curve to be "normally" sloped (if it exists).

(3) It is possible, though, for the Phillips curve to be incorrectly
sloped.

(¥} TIn the presence of money, type 2 agents may be unemployed. This is
in contrast to the static setting, where only high productivity

workers were unemployed.

In additien +to these results, we digress to consider two other
issues., First, we show that an intertemporal substituticn-like effect plays
an impertant allocative role in an egquilibrium with a Phillips curve. In
spite of this, however, an econometrician would be unable to discern the
presence of such an effect in any data. ©BSecond, we digress even further to
consider the social costs of obtaining certain information with and without
money. We show that, in contrast to general assertions, the presence of meney

may increase the social costs of obtaining a given amount of informetion.
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A. Existence of a Phillips Curve

The main result of this paper is, of course, that this economy with
no friction other than an adverse selection problem can give rise to a statis-
tical Phillips curve and a business cycle which are endogenous to the model,

that is, which are not produced by exogenous shocks to the economy. This is

Proposition 2. There exist economies in the class presented in Section II

which display a negative correlation between the level of unemployment and the

rate of inflation (in either wages or prices), both of which are stochastic.

The "proof'" of this proposition consists of demonstrating the existence of
such an economy. This is done in

Example 1. The economy consists of N > 2 entrepreneurs, and a single worker
of each type at each date. The fact that each generation has only two workers
implies at most two firms. As type 2 agents will not face any randomness in
equilibrium, we can without loss of generality focus on the case where there
is a single firm in equilibrium, which, however, must deter the entry of other
entrepreneurs into the activity of production. Technology, endowments, and

preferences are as follows: m, =2, T, =1, n; = 0; 1i=1, 2,

Up(Cq,Cp.L) = (5/8)C; + 2¢, = (1/2) (1+41)2
10c, - (i—O)L; C, > 2L

Ul(cl,c2 ,L) = .
(79.6)c, - (139.3)L; C, < 2L

(The "kink" in the preferences of type 1 agents guarantees existence of both a
nonstochastic and a stochastic equilibrium. It plays no other role in the
analysis.)

For this first example, it may be useful to explicitly solve for

both a nonstochastic and a stochastic equilibrium. (Here we focus only on the
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case with valued fiat money.) To consider the nonstochastic case first, we
begin as follows. It is easily verified that L, = 1. If self-selection
constraints did not bind, L1 = 1 would also hold. But, since Wy > Vo, such an
arrangement is not incentive compatible. Therefore, Ll is determined by the
self-selection constraint and feasibility considerations. Using the fact that
Uy = ¥y if self-selection obtains, and the fact that the value of money is

constant across time and events, this may be written
2 Ly - (1/2) (13+41)2 = 2L, - (1/2) (Lp+1)°.

In obtaining this expression, we have used the fact that, in a nonstochastic
steady state, all workers save their entire first period earnings.

There is a single solution to this problem, given that L2 =1 and Ll
< 1. This is Ly = .172. It is, therefore, the case that the level of real
balances In equilibrium obeys SM = 1.172, since all workers save their earn-
ings. Finally, R(e) = 1 ¥ e.

Having solved for the nonstochastic equilibrium, we now see whether
employment lotteries can emerge in equilibrium. To this end, we begin by
noting that if there are employment lotteries, agents mst accept contracts
prior to the realization of the current period state. Therefore, the equilib-
rium value of L2 solves

max E V,[w,(e)Ly(e),L () el,

{r}
where concavity of V2 implies that L, will be nonstochastic. For this ex-

ample,

V(W lysLyse) = 2 E[Eg%g&lﬂ wob, = (1/2) (L,+1)%,
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where we have assumed that type 2 agents hold money in both states. (This
assumption will be borne out in equilibrium.) It is now easy to check that Lo
= 1 in equilibrium. If self-selection constraints did not bind, it is again
the case that L; = 1 would hold. As this is clearly not incentive compatible,
gome self-selection device mst be employed by firms. If this is a nonde-

generate employment lottery, the value p must solve (since Ll(l) =1, L1(2) =

0)
(6) 2plEe N, - 2p - (1/2) (1-p) = 26 EE{E N,

- (1/2) (L2+1)2-

This expression states that the expected utility obtained by mimicing a type 1
agent mst not exceed that from behaving as a type 2 agent. The expected
payoff from mimicing, on the left-hand side of (6), is the expected period two
consumption derivable from a unit of labor receiving wage rate wq, which is
held in the form of money earning as a real return the expected rate of defla-
tion, minus the expected disutility of labor. As a mimicing agent works only
in e = 1, this is the only state in which money could be held.

To complete the set of equilibrium conditions, we note that if all

agents save all period one earnings, then

(7) s(1)M

W + wolp
(8) S(g}M = W2L20

Using the zero profit conditions, (6)-(8) can be solved for p = .671, S(1)M =
3, S(2)M = 1, and ES(e)M = 2.342. We now verify that this is an equilibrium
ocutcome. To do so, we need only show that no degenerate lottery dominates

it. The best degenerate lottery was computed above. It generates (expected)
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payoffs Uy, = 0, and U; = 3.423. The lottery generates expected payoffs EU, =
.589, and EUl = 10.381. Hence, the lottery outcome is not dominated, so the
equilibrium for this economy does display random employment-ii/

We now demonstrate that this economy has a Phillips curve with
"normal"” slope. To see this, we note that e = 1 is the high employment state.
If the current period state is e = 1, the expected rate of deflation (plus

one) is

ES(e') _ ps(1)+(1-p)s(2)
s(1) s(1)

1.

Therefore, on average prices will rise when unemployment is low, and will fall
when unemployment is high. This is, of course, simply the Phillips curve
correlation. Finally, we note that there is an identical relationship here
between money wage movements and unemployment for the following reason. The
zero profit condition implies constant real wages. Therefore, price level
movements mst always be matched by proportional movements in the nominal
wage, and we have derived a Phillips curve for both wage and price level
inflation.—= 12/

We have, then, derived a Phillips curve and an eﬁdogenous business
cycle. Moreover, the Phillips curve in this model has the property that its

presence reduces the social costs associated with sorting workers. To see

llet is readily verified that this economy satisfies the conditions
of Proposition 1. Hence there is no equilibrium with L,(e) = L,(e).

12/1¢ w111 be noted that (ix) is inessential to the argument. In
particular, we have shown that some lottery outcome dominates the nonstochas-
tic equilibrium. If firms were allowed to choose L,(1) and L,(2), this would
clearly continue to be true. Furthermore, wlog let L,(1) > L,(2). Then,
since S(e)M = w,L,(e) + m,L,, high employment states Wlii continue to be high
expected inflation states as well. Thus (ix) merely simplifies computation;
it does not affect the qualitative nature of the results.
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this in the context of example 1, it is useful to consider equation (6). The
interpretation of the first term on the left-hand side of (6) is that it
represents labor income, and the return to saving this income. Since a type 2
agent mimicing a type 1 agent will work only in e = 1, and since the Phillips
curve has the "usual" slope, this means that he will work only in states where
the intertemporal terms of trade are adverse. This constitutes an additional
deterrent, over and above the risk associated with lotteries, to the mimicing
of type 1 agents. Put otherwise, firms use lotteries as a technique to induce
self-selection of labor. The use of these lotteries gives rise to a Phillips
curve. This Phillips curve functions not only as a by-product of employment
lotteries, however, but as an unintentional aid in sorting workers.

Notice that this adverse terms of trade effect operates much like
the intertemporal substitution mechanism of Lucas (1972). In particular, the
fact that working is less attractive in certain states due to the inter-
temporal terms of trade serves to deter type 2 agents from pretending to be
type 1 agents. However, despite its important allocative role, an econome-
trician observing this economy would never discover an intertemporal substitu-
tion effect. This is because type 2 agents are deterred from mimicing type 1
agents, and because employment lotteries are specified prior to the state
realization. Thus, actual employment cannot be based on the ex post inter=-
temporal terms of trade.

The presence of this "intertemporal substitution effect" is sugges-
tive that price stabilization policies would be undesirable here. We take up
this issue below. The remaining feature of this example to be examined here
is yet another aspect of observed business cycles which is explained by the
model. This is the procyclical nature of movements in average productivity in

the labor force. Notice that when output and employment are high in this
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setting, a relatively large number of type 1 workers are employed. Employment
of type 2 workers does not vary over the cycle. Hence average productivity
mist move procyclically here, since at peaks high productivity workers mst
constitute a larger portion of the labor force than they do in troughs.

The issue of productivity of the labor force leads into the next
proposition. Recall that in the static version of the model, all unemployment
was among high productivity workers. In the dynamic version, this feature is
rectifiede 1In fact, we now demonstrate that it is possible for high produc-
tivity workers to often be on their notional labor supply curves, and for low

productivity workers to be unemployed. This is

Proposition 3. In an economy with valued fiat money type 2 workers may be

unemployed.

This is again established by example.

Example 2. Let T, = (3/4), 7y = 2,

Up(Cy,Cp,L) = € + (.99)C, = (1/2)(141)2,
and
l -
5, - (5)Ls ¢, > 2L
Ul(cl,Cz,LJ = s
38c, - (66.5)L; C, < 2L

with ny = 0; i =1, 2. Again, let each generation consist of a single agent
of each type, so that we may (wlog) focus on the case of a single firm in
equilibrium. Then it is straightforward to verify that the equilibrium out-
come has stochastic employment with the following equilibrium values: (proba-
bility e = 1) = p = .5827, L, = .7633, S(1)M = 2, and S(2)M = 1.1k It will

be noted that the Phillips curve has a "normal" slope here, since in e = 1,
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ES(e') _ ps(1)+(1-p)s(2)
s(1) ~ s(1)

< ll

Also, it 1is readily established that type 2 agents are unemployed in e = 2;
i.e., Ly(2) < 22(2). To see this, notice that in e = 2, type 2 agents save

their entire earnings. Then

V,0,852) = (99)[EElm - (3) (1)

Therefore, the value i2(2) meximizes this expression, subject to L, € 1, at
the values w, = 7m,, and ES(e')/s(2) = 1.435. Then E2(2) = 1, but Ly(e) =
.T633 ¥ e« Thus, type 2 agents can be off their notional labor supply curves,
and be "unemployed" (ex post). This establishes the proposition.

It is the case, then, that moving to a setting with money can rec-
tify certain shortcomings of the static model. It will also be noted that
examples 1 and 2 display a Phillips curve with the "standard" slope. We now
turn to the question of whether this is a "typical" outcome for the class of

economies at hand.

B. Slope of the Phillips Curve

In this section we argue that, under relatively weak conditions,
single (operating) firm versions of the model generate inverse correlations
between unemployment and inflation (if a Phillips curve exists in equilib-
rium). This is significant because of the difficulty in other models of
producing Phillips curves with "correct" slopes. In particular, the slope of
gpillips curves in search models depends on which parties engage in search,
and the slope of the Phillips curve in Iucas (1972) depends on the nature of
monetary injections. Here we give sufficient conditions mch weaker than

these for the Phillips curve to have a normal slope with a single firm.
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In order to do this, we make two assumptions. The first is that
¢i(—) =0; i=1, 2, ¥ t. This merely simplifies notation and reduces the
number of cases to be considered. The case where some agents borrow may be
treated analogously. The second is that (the number of operating firms) N' =
l. There are two reasons for making this assumption. One is that if N' > 1,
the nature of the Phillips curve correlation can take many forms. A one-firm
economy requires #E = 2, so that the nature of this correlation 1s quite
clear. Second, with N' > 1, a more sophisticated technology is required to
prove a certain uniqueness result below. The one-firm case is relatively
simple (but restrictive). Therefore, we confine ourselves to it.

With these comments in mind, we state

Proposition 4. The following conditions are sufficient for an inverse cor-

relation between unemployment and inflation if a nondegenerate Phillips curve

exists.
(1) N' =1
s(1) s(2) ) o i
(8) [ HOLN IOk HiLi(e),p] >0;i=1,2, 3 =1, 2,

(where p is a parameter of these demand functions, which has previously been

suppressed notationally.)

(99  nye, [SR), 2L w1 (e)ip] > 05

(10) U;(C1,Co,L) = Wy(Cq,C5) + Ty(L); i =1, 2.

(8) is simply that savings do not fall as real returns rise, (9) is that
second period consumption is a normal good, and (10) is separability of util-

ity functions in consumption streams and leisure.
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Proof. To begin, note that since N' = 1, only one lottery can be used in any
periods The focus on steady states implies that this lottery will be used in
all periods. With this in mind, the proof proceeds by establishing (a) that
there exists for any p a unique stochastic steady state mepping S(e) with S(e)
> 0, and (b) that this has S(1) > s(2).

To prove the first fact, note that money market equilibrium requires

(11) s(1)M = 6 %[L%%-}.ﬂi.p] + (1-8) ¢2[1,§E-%}.“2L2;p]
s(1) s(1)

(12) s(2)M = 8 0, [S155,1,05p] + (1-8) @,[5757,1.7L,3p]

Without loss of generality, let M = 1. Now notice that for any p, (11) and
(12) are two equations in S(1) and S(2). It is readily verified that (using

(8))

n

w w3l -,

(11)

and that (again using (8))

as(2) s(2)
(14) 0 < 351y N 6Y)

(12)

at any point such that S(1), s(2) > 0.

Now consider Figure 2. As should be clear, S(1) = S(2) = 0 is one
equilibrium pair of prices for this economy. By the assumption that a non-
trivial Phillips curve exists, there must be at least one other with S(e) > 0;
e =1, 2. But by (13) and (14) there is only one other, as at any interior
intersection of (11) and (12), (11) must intersect (12) from below, and (11)

and (12) are continuous (by assumption).



Figure 2

$(2)

5(2)/= S(1)

12)

S(1)
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We now show that # p € (0,1), (11) and (12) imply S(1) > s(2). To
see this, consider the intersections of (11) and (12), respectively, with the
locus S(2) = S(1) in Figure 2. The intersection of (11) with this locus

occurs at

s(1) =0 @1(1,1,w ) + (1-8) 02(1,1,w2L2)
and (12) intersects it at

s(2) =8 ¢,(1,1,0) + (1-6) 02(1,1,1t2L2)-

By (10), S(1) > S(2). Therefore, since (11) and (12) are both positively
sloped, and intersect only once, an equilibrium must be as shown in Figure 2,
with the intersection of (11) and (12) below the 45° line. This is true for
any p € (0,1), and hence mst be true for the equilibrium p if the Phillips
curve is (stochastically) nondegenerate.

Thus the normal case in the single-firm economy is for the Phillips
curve to have its observed slope. The intuition behind this result is
straightforward. In particular, in high employment states income is high. If
consumption in both periods is a normal good for type 1 agents, then in high
employment states they will save more (borrow less). Barring '"abnormal"
slopes of excess money demand schedules, this will cause prices to be "below
average" in high employment states, so that in such states the "average"
outcome mst be inflation. Note that this argument is independent of the
number of firms, suggesting that the single firm case is not special. It is
substantially simpler than other cases, however, so we do not attempt to
generalize Proposition U here.

It is possible, however, for the Phillips curve to have an "incor-
rect" slope in these models. To show this, we relax the assumption that U; is

concave. Then we present
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Example 3. Each generation has a single worker of each type (so wlog, N' =

1) ™y = 1.25, 7, = 1, ny = .1, ny = 0,
Up(Cy,Cp,L) = Cp + 20, = (.5)(1+41)2
Ul(Cl,CQ,L) = C;L + (.s)c2 - (1.04)L.

It is tedious but straightforward to demonstrate that this economy has no
nonstochastic equilibrium (i.e., this fails to exist). It does have a sto-
chastic equilibrium, however. This can be solved for in the following manner.
First, note that at Wp = Ty = 1, the maximal value for L2 is L2 = 1. There-

fore, the equilibrium lottery must satisfy

ESle)) _ 2p (1/2)(1-p) -

E V2[T[1L1(e),L1(E)ge] =D 2“1[
2 = E Vy[nLy,Lp,ele

In addition, we may derive asset market equilibrium conditions as follows.

Inspection of U; indicates that

1

Rey L > (1/2)
0 iflL < (1/2)

¥, (=)

and that

wLy if Ly < (1/2)

e (=) ;
0 if L > (1/2)

1

Inspection of U, indicates that loans and money must bear equal expected

L}
returns, or that R(e) = %E%)—) ¥ e. Also,



=

E%%—) > (1/2).

02(-) + *2(-) = m,L, ¥ e such that Sle

Using these observations and L, = 1, S(1) and 8(2) satisfy

s = 1 - (&) Wy
s(2M =1,

where ES(e') = ps(1) + (1-p)s(2) = ps(1) + (l-p)(%)- While the equilibrium
conditions are difficult to solve for p explicitly, p € (e4,.5), an equilib-
rium with a nondegenerate lottery can be shown to exist, and it is obvious
that S(1) < ES(e). This latter fact implies that in e = 1 there is deflation,
so that the Phillips curve for this economy slopes the "wrong" way. Clearly
this example has some very special features, though, and does not contradict
the notion that a "normal" Phillips curve displays an inverse correlation

between unemployment and inflation.

Ce A Remark

In all of the discussion to date, we have focused on versions of the
econony in which only a single firm operates in equilibrium. This has been
for simplicity of exposition. However, some remarks are in order regarding
conditions which are necessary for a stochastically nondegenerate Phillips'
curve to emerge in equilibrium. First, in the general discussion, we have not
elaborated on "how many" workers there are in the economy. This is because
the number of workers (as opposed to the proportion of type 1 and 2 agents in
the population) plays no important role in the analysis. In particular,
workers play a completely passive role in labor markets. Firm actiens deter-
mine the important features of equilibrium. Thus, there can be finitely many
workers, a countably infinite number, or a measure space of workers with no

effect on the arguments of the paper.
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The number of potential firms, on the other hand, is not irrelevant.
If there are infinitely many firms conducting independent lotteries, there
will be no aggregate uncertainty in any equilibrium and, hence, there will not
be an observed Phillips' curve for the economy as a whole. Thus, it is impor-
tant that the number of agents with access to the production technology (N) ve
finite. This finiteness condition on the number of firms is the only essen-

tial assumption on population in the analysis, however.

D. Money, and the Cost of Acquiring Information

As a digression, we now consider the social cost of acquiring a
given amount of information in economies with and without valued fiat money.
Specifically, we provide a counterexample to the following assertionali/ the
(social) cost of acquiring a certain amount of information about goods and
services (when agents are asymmetrically informed) falls with the introduction
of valued fiat money.

Example 4. This is the same as Example 1, except that we consider the case in
which M = 0, and we contrast the case of a full (public) information economy
with that of the adverse selection economy.

Case 1l: Public Information, M = O. It is readily verified that the maximal
(and labor market clearing) value of L, is L, = 1/4 (if M = 0). The maximal
(and market clearing) value of Ll is L1 = 0 since there is no medium for
carrying earnings over into the second period.

Case 2: No Information, M = 0. L, = 1/4 and L) = O are still equilibrium
values, as type 2 agents have no incentive to mimic type 1 agents under these
circumstances. Thus self-selection constraints do not bind, Ll # L2 so there

is complete information, ex post, and the social cost of obtaining this infor-

mation is zero.

léfwhich appears, e.g., in Brunner and Meltzer (1971).
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Case 3: Full Information, M > O. 1In steady state S; ., = Si. Then it is
readily verified that L, = L; = 1 in equilibrium, that SM = 3, and that U; =
39.9, Up = O.

Case 4: No Information, M > 0. We computed the equilibrium for this case
above. Clearly self-selection constraints bind. Hence, there is a social
cost to obtaining information when S(e)M > 0. This is the desired result.
Also, note that in this equilibrium, S(1)M = 3 and S(2)M = 1, i.e., relative
to the full information case demand for money has fallen. Thus the common

assertion that limited information augments money demand is also false here.

IV. Policy and Other Considerations

In this section we take up several issues. The first concerns the
scope for (price level) stabilization policy. In the context of Example 1 we
show that such stabilization is feasible, and that the optimal stabilization
policy (in a certain class) is Pareto improving. This is somewhat paradoxical
in light of our previous comments regarding the Phillips curve. 1In fact, it
can be shown that income transfers associated with the stabilization policy
are responsible for the welfare gain, and that price stabilization is undesir-
able.

Second, we show that this adverse selection economy is capable of
generating a (perfect) correlation between the level of government expendi-
tures (money supply) and output, even of generating an observed multiplier.
This is true despite the fact that the level of expenditures is completely

incapable of influencing the level of output.
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A. Price Stabilization

Consider the economy of Example 1, except relax the assumption that
the money stock mst be constant across dates and events. In addition, a
government is introduced which uses monetary tax-transfer mechanisms to at-
tempt to stabilize the price level. Clearly, if a lottery continues to be
used under a stabilization policy, the demand for real balances will be three
in e = 1, and one in e = 2. Let M(e) denote the money stock in current period
event e. Obviously, if the price level is to be completely stabilized, s(e) =
S ¥ e. Therefore, M(e) must satisfy SM(1) = 3, sM(2) = 1.

Now suppose that to accomplish its objectives, the government may
use tax-transfers levied on the current period old in the model. As is ap-
parent, if the current state is e = 2 and last period's state was e = 1, the
government mst levy a tax (due in money) of two units of the good. If the
ordering of the states is reversed, the government must inject (in money) two
units of real balances. Otherwise it does nothing. Then, let A be the tax
payable by old type 1 agents if last period's state was e = 1 and the state is
now e = 2, and let B be the transfer they receive if the ordering of states is
reversed. (Type 2 agents pay 2 - A, and receive 2 - B in the corresponding
sequences of event realizations.) Then, ignoring the initial old (who will
turn out to be better off), the optimal stabilization policy in this class is

the solution to

max (19.9)p + 10p(1-p)(B-A)

subject to
(15) 2p(1-p) [(2-8)-(2-1)] =T,
(16) (1.25)p - +25 = U,

2
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(17) A, B>0; A, B< 2,

by choice of A, B, ﬁz. The maximand is the expected utility of type 1 agents,
as p(l-p) is the probability of realizing either sequence of states. (15)
states that type 2 agents mst receive expected utility ﬁé, which is a choice
variable for the government (although obviously there are only two independent
choice variables). (17) is a feasibility requirement (nonnegative consump-
tion), and (16) is the self-selection constraint.

Collapsing (15) and (16) and substituting into the maximand we may
rewrite this optimal taxation problem as

max  3.98 + (10.92)U, subject to (17).

{u,}

This clearly requires setting A = 2 and B = 0. The equilibrium value of p is
then p = .769, and under this regime EUp = U, = .T11, EU; = 11.747T; i.e., all
young agents are better off under this regime. Also note that SM(1) = 3,
SM(2) = 1, and that e = 1 is more probable than previously, so that the ini-
tial old are better off under this regime as well. Thus, this price stabili-
zation policy is Pareto improving.

In light of our arguments regarding the role of the Phillips curve
in inducing self-selection of workers this may seem paradoxical. However, it
will be noted that there is both a price stabilization and a tax-transfer
component to this policy. We now show that price stabilization is undesir-
able, i.e., that a greater welfare gain is attainable through tax-transfers
alone.

To see this, it is sufficent to compare the price stabilization
regime with a regime where the government transfers 2 units from old type 1
agents to old type 2 agents with probability p(l-p) (if last period's state

was e = 1, and the current state is e = 2). Under this arrangement prices are
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not stabilized and M is constant, so S(e) is as for Example 1. However, with
the self-selection condition adjusted to take account of the transfer scheme
the equilibrium value of p is now p = .792. Under this arrangement EU, =
1.098, EU; = 12.466, and the initial old are better off for the following
reason. The level of real balances in each state is unaffected, but e = 1
(the favorable state) is even more likely than under price stabilization.
Thus, all agents would be better off if the government only conducted a tax-
transfer scheme and did not attempt to stabilize prices.

This example illustrates a number of important points. One is that
noise in prices may be desirable, despite the fact that it is not related to
any "real" shocks to the economy, i.e., to changes in preferences, endowments,
technology, population, etc. The second is that this adverse selection set-
ting is capable of explaining observed correlations between the level of
government expenditures (money supply) and output. In particular, consider
the government price stabilization policy above. When state e = 2 is followed
by e = 1, the government injects money (increases expenditures). This is,
obviously, accompanied each time it occurs by a rise in output. Conversely,
vhen e = 1 is followed by e = 2, output and government expenditures fall to-
gether. Moreover, while in the example the output changes equal the expendi-
ture changes, if type 1 agents consumed a portion of their period one earnings
an empirical "multiplier effect" would be observed. Thus, the model is cap-
able of explaining observed correlations other than just the Phillips curve.

It is useful to reflect briefly on what one observes in this price
stabilization regime. Periods of low output which are followed by high gov-
ernment expenditure are also followed by periods of high output. If govern-
ment e#penditure does not rise, we will not observe higher output. Moreover,
periods of low output are followed by periods of high output without any rise

in the price level.
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. One might ask how a Keynesian would interpret these observations.
It seems that such an interpretation would be that in low output periods there
is "slack" in the economy. Therefore, expansionary fiscal (monetary) policy
can be used to raise output without fear of inflation. In fact, of course,
the level of output is randomly determined, and is not influenced by these
government expenditures. Inflation or deflation do not occur because these
expenditures passively stabilize prices. Thus, the adverse selection economy
explains most observations frequently cited as supportive of "Keynesian"
models, i.e., the existence of a Phillips curve, and the correlation between
"aggregate demand" and output. It does not support their analyses or policy
implications, however.

Finally, though, it will be noted that Pareto improvements were
obtained in the example above by making transfers from the "rich" to the
"poor." Other Pareto improvements are obtainable through "distorting" tax
schemes (which operate much like the presence of a Phillips curve). Thus, the
adverse selection setting does not typicaelly favor laissez-faire arrangements
or abstention from government intervention. It merely suggests that policies
based on observed "multiplier" like correlations are unlikely to be success-

ful, and that price stabilization may be a poor policy objective.

V. Conclusions

The adverse selection economies examined are capable of explaining
why quantity rationing arises in labor markets. They can also explain ob-
served Phillips curve correlations, and correlations between "aggregate de-
mand" and output. Moreover, they are consistent with the procyclical nature
of labor productivity, and the weak relation between observed real wages and
employment. In short, these economies are capable of capturing the primary

features of the business cycle, and of doing so using endogenously arising
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disturbances. They thus avoid, and may help to resolve the as yet inconclu-
sive debate regarding sources of variation in actual business cycles.

Moreover, these results are obtained in the context of a model which
is in the spirit of very traditional macroeconomic analysis. In particular,
it will be noted that we have permitted employers to determine almost uni-
laterally the level of employment in the economy. Thus the Rothschild-
Stiglitz (1976) equilibrium concept adopted is not at variance with standard
Keynesian equilibrium notions. In fact, it is consistent with a number of
"Keynesian observations." As an example, many Keynesian economists argue that
macro models should be constructed consistent with the observation that rela-
tive wages play an important role in the behavior of labor markets. This is a
feature of our model; one which is more apparent in the setting with stochas-
tic marginal products examined by Smith (1983).  However, despite these
Keynesian aspects of the model, and despite the fact that many "Keynesian
features" of the economy can be explained by it, the model is highly unsuppor-
tive of existing Keynesian analyses and policy prescriptions.

It is, of course, the case that the model here cannot claim to
capture all features of observed business cycles. In particular, in economies
with large (but finite) numbers of firms, the model of this paper can give
rise to a nondegenerate Phillips curve. However, it cannot give rise to
relatively frequeﬂt disturbances which affect the entire economy. Thus, the
argument of the paper should not be taken to imply that either 'nominal" or
"real" disturbances are unimportant. In fact, the adverse selection setting
can be usefully coupled with economies where real and nominal disturb#nces are
a feature. However, the paper does demonstrate that economies with no labor
market frictions other than an adverse selection problem can give rise to

virtually all of the qualitative features of observed business cycles.
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