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One of the most striking regularities of economic exchange, both
over time and across different locations, is that a large number of trades
occur employing contracts which pre-specify the nominal payment to be made for
certain goods or services. In particular, such contracts specify certain
dollar (or analogous accounting unit) payments, which are not contingent on
intervening events. In light of the prevalence of such contracting practices,
it is surprising that there has been so little effort to explain them. In
fact, while the prevalence of nominal contracts has been viewed by many as a
crucial feature of macroeconomic modelling, essential to the understanding of
cyclical behavior,if there has been surprisingly little effort devoted to
understanding why exchanges should be accomplished in this manner.gf This is
even more surprising in that it has been long understood that the appropriate
role for monetary policy hinges on the manner in which nominal contracts are
written and executed.éf

Perhaps the reason that so little effort has been devoted to under-
standing these contracting practices is that there has been wide acceptance of
the following oral tradition, which is fairly explicit in Fama (1983) or White
(1984). In particular, for purposes of economizing on calculations, it is
convenient to have all prices expressed in terms of a unit of account which is
also a medium of exchange, and to engage in contracts expressed in this same
manner (i.e., to write unindexed contracts). Prior to embarking on a more
ambitious study of nominal contracts, then, it should be shown that the above
does not constitute an adequate explanation for the entire class of nominal
contracts observed in practice. In fact, it does not. As an example of why
it does not, it suffices to consider a class of nominal contracts that were

prevalent in credit arrangements in the British North American colonies of the



18th Century. These contracts frequently took a form known as "barter con-
tracts." In a barter contract, person A purchases a unit of commodity x on
credit from person B. He agrees to deliver some quantity of commodity y to B
at some future date. Note that money never appears in the transaction.
Nevertheless, in the most usual form of barter contract in the colonial per-
iod, A would agree to deliver enough of good y so that its nominal value was
at some pre-specified level. Moreover, the use of such contracts was wide-
spread in both Pennsylvania, where the price level was quite stable, and in
Massachusetts, where it was quite unstable. Notice, then, that nominal con-
tracting cannot always be explained because money appears on at least one side
of a transaction, or because it simplifies calculation. In barter contracts
neither was the case. In a barter contract "indexation" of the contract is
obviously a matter of the utmost simplicity, and yet this did not occur.
Hence the explanations considered above will not account for all observed
nominal contracts. A more complete explanation is required.

This paper offers an explanation of nominal contracts in which
agents may choose to engage in nominal contracting, or to write completely
indexed contracts (or equivalently, to operate in spot markets). The use of
any form of contract between these extremes is also permitted. Moreover, the
only risk in the model to which any agent is exposed is price-level risk.
Nevertheless, some subset of agents in the model will, for a broad class of
economies, choose to sell their labor for a pre-specified nominal wage. The
reason for this is that the choice of contractual arrangement by which any
agent is governed functions as a sorting device, and helps to overcome infor-
mational frictions. In particular, we consider an econony with production,

firms, and two types of workers. One type is relatively more productive, and
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there is no technological uncertainty. However, any worker's type is private
information, ex ante. In equilibrium, firms mst employ devices to induce
self-selection of workers. These devices may take either of two forms in our
analysis. In one form firms may restrict the hours of certain workers at an
equilibrium real wage rate, i.e., underemployment may be used as a sorting
device. Alternatively, some workers may opt for fixed nominal wages, and
others for "indexed" wages. For some economies the latter is the dominant
sorting mechanism. In fact, it will be seen that for some economies it per-
mits a reproduction of the first-best allocation of resources. Moreover, this
is true even though money need never appear in any transaction between firms
and workers who are governed by nominal contracts.

More generally, both hours restrictions and nominal contracting
would be employed as sorting devices by firms. In this case, our economies
produce the following outcome. If all contracts were required to be fully
indexed (or equivalently, if there were only spot markets), there would be
unemployed labor but no Phillips curve. The introduction of nominal contract-
ing produces a Phillips curve, but reduces unemployment in at least some
states of nature. Also, in general nominal contracts work in our model only
if the money supply varies randomly. Hence, our model generates an important
role for rules which govern evolution of the money supply which are not con-
stant growth rate rules. In fact, in the first set of economies considered,
constant growth rate rules are suboptimal. However, attempts to wvary the
money supply need produce no contemporaneous effects on output or employment,
and are typically suboptimal if they come as a surprise-gf Also, a general
feature of our model is that variation in the money supply precedes in time

some of the variation it produces in output. Thus, the model reproduces this



- 0

empirical regularity in the timing of changes in the money supply and in
output.éj

Finally, the reason why nominal contracts function as a sorting
mechanism for the economies considered is that they operate as a device for
randomizing the consumption streams of parties to the contract. Since any
number of randomizing devices might be imagined, it is reasonable to ask
whether the use of nominal contracts enjoys any natural advantages over other
types of randomizing devices. It will be argued that there are at least two
such advantages. First, since nominal contracts employ price level variation
as a randomizing device, and since price level variation is an aggregate
phenomenon, such randomization is not manipulable ex post by parties to the
contract. This is shown to be an important feature of such contracts. Sec-
ond, in Section IV it is shown that classes of economies exist in which any
equilibrium randomizing device must produce the same expected values of all
endogenous (including nominal) variables as do nominal contracts. Thus,
nominal contracts are an obvious candidate for the randomizing device that
will be employed in equilibrium.

The scheme of the paper is as follows. Section I outlines a "real
version" of the model in which the price level is constant over time. There
is no role here for nominal contracts. Section II introduces nominal con-
tracts for a special class of preferences, and shows that nominal contracting
may eliminate unemploymen£ and reproduce a first-best allocation of resources.
Section III extends the set of preferences considered, and shows how the model
can give rise to a Phillips curve which, in its qualitative features, is
empirically reasonable. Section IV considers an example in which nominal
contracts produce allocations which must be replicated (in expected value) by

any other possible randomizing devices. Section V concludes.



I. The Model

In order to study an economy in which nominal contractual arrange-
ments function as a sorting mechanism, it is necessary to produce a monetary
economy Wwith heterogeneity and private information. The model presented here
is the simplest one with all of these features.

The economy is an infinite horizon one, with time indexed by t = 0,
1, «... It is peopled with a sequence of two-period lived, overlapping gene-
rations. Each generation is identical in size and composition, and consists
of the following four groups of agents. First, there is a group of entrepre-
neurs, or firms, which is endowed with access to a technology for converting
labor into a single-consumption good. There are also two groups of workers,
vhom we shall term type 1 and type 2 workers, with type indexed by i = 1, 2.
Finally, there is a set of agents who are neither firms nor workers. These
are described below. Also, while it is not essential how we think of the
population, to fix ideas we may think of there as being a fixed and countable
number of firms, and a continuum of workers. Let 6 denote the fraction of
workers who are of type 1.

As indicated, there is a single-consumption good. Agents receive
some endowment of this when young, and it alsc may be produced using the labor
of type 1 and 2 workers. Production is nonstochastic and constant returns to
scale, so one unit of type i labor produces m; units of the consumption good,
with m; > w5, As there is a continuum of workers and a countable number of
firms, no individual worker's contribution to output is directly observable.

We will subsequently want to have workers and firms meet in their
youth to contract, and then production takes place when old. For now, workers

have no endowment of the consumption good. They are endowed with one unit of
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labor when old, and no labor when young. Denote the consumption of a type i
worker in his Jjth period of 1life by Cij’ and the labor of a type i worker
(when old) by Lj. Then type i agents have preferences denoted by Uj(Cip,l-
Li), where 1 - L; is the leisure of an old type i agent. Uj is assumed to be
strictly increasing in each argument, twice continuously differentiable and
concave.

The set of agents who are neither workers nor firms will be called
type 3 agents. Type 3 agents have an endowment of one unit of the good when
young, and none when old. Their preferences are denoted by U3(C31,C32), with
U3 nondecreasing in each argument, concave, and twice continuously differenti-
able. Let p denote the measure of type 3 agents.

Finally, in addition to the consumption good and labor, there is a
third good called fiat money. This is intrinsically wvalueless, and produced
costlessly by the government. Tn this section it is supplied in the constant
(for all time) aggregate amount M > O, and money trades for the numeraire
consumption good at rate St' We henceforth focus on steady states, and thus
do not retain the subscript. Moreover, we focus only on equilibria with
valued fiat money (S > 0) in what follows. Also, we denote the rate at which
type i labor trades for the consumption good as wj.

It remains to describe the behavior and objective functions of
firms, and to describe the initial old generation. Firms are risk neutral
profit maximizers. They are also Nash imperfect competitors in labor mar-
kets. So long as S (the inverse price level) does not vary over time, there
is no loss of generality in restricting them to announce wage-hours packages
(wi,Li) to type 1 workers who choose to seek employment with the firm in

question. Finally, all that need be said about the initial old generation is
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that they are endowed at time O with the entire money stock, which for the

remainder of this section is then held constant.

A. Equilibrium with a Constant (Inverse) Price Level

We henceforth assume that, while all workers know their own type
(and hence productivity), this is private information ex ante. Thus, firms
must announce wage-hours pairs subject to this informational asymmetry. Firms
may adopt either of two strategies, then. In particular, a firm could an-
nounce two wage-hours pairs with (wl,Ll) # (wp,Lo) hoping to induce type 1 and
2 workers to accept different packages. This, in effect, enables the firm to
price discriminate. Or, alternatively, a firm could announce a single wage-
hours package and forego the opportunity to price discriminate. 1In either
case, the announced wage-hours package of each firm must be incentive compat-

ible, i.e., satisfy

(1) Ul(wlLl,l-Ll) > Ul(w2L2,1-L2)

(2) U, (w,Ly,1-L,) > Uy(w Lo ,1-Lo ).

Obviously if a firm announces a single package, (1) and (2) hold trivially.
If it announces two distinct packages, (1) and (2) must hold in order for its
announcement to be consistent with self-selection.

In equilibrium, given the announcements of other firms, each firm
mist have no incentive to alter its announced wage-hours packages. Then, in
light of the constant returns to scale assumption, it is willing to accept all
workers who seek employment with it. Finally, it is convenient (although not
necessary to the analysis) to impose a restriction on the announced wage-hours

packages of firms. Thus, following Rothschild and Stiglitz (1976) and Wilson



. L

(1977), we require that each announced package at least break even given the

workers accepting it. Hence, if (wl,Ll) # (wp,Lp) then we require
(3a) w, €T, .

If a firm announces a single (common) wage-hours package (w,L), we require

that
(3b) W< om + (1-6)1r2,

i.e., that this at least breaks even if it attracts workers in their popula-
tion proportions.

We are now ready to define a (stationary) Nash equilibrium for this

econony .

Definition. A stationary Nash equilibrium is a set of announced wage-hours
packages (w;,Lg); i =1, 2, satisfying (1)-(3), and a constant sequence {s:}

such that

(i) given the announced wage-hours packages of other firms, no firm has
an incentive to alter its announcements, and

(ii) the money market clears, i.e.,

(4) u¥(s /S)—SMvt:vO

t+l

where Y¥(S /S ) is the savings function of type 3 agents.

t+1

Notice that attention is confined throughout to equilibria in pure

strategies, and that firms do not employ lotteries over wage-hours pairs.
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The qualitative features of this equilibrium for the constant value
S = p¥(1)/M are identical to the equilibrium discussed by Rothschild and
Stiglitz (1976). First, no equilibrium in pure strategies need exist. How-
ever, in the sequel we always choose parameter values such that existence is
guaranteed. ©Second, equilibria need not be Pareto optimal. The third feature

is important enough to state as a

Proposition. If

aul(c,l-L) BU2(C,1—L)
oC > aC
= -
aulic,l L) < auztc,l L)
3 (1-L) 3(1-L)

¥ (C,1-L) ¢ [0,7m,] x [0,1], then any equilibrium displays self-selection of

1

1 * * * *
workers, i.e., (wl,Ll) # (wg,LQ).

The proof is exactly parallel to the argument given in Rothschild-Stiglitz
(1976), and is omitted here. Finally, in light of (3), the proposition, and
competition among firms for workers, wy = my; i =1, 2.

It will be useful to display diagramatically the determination of
equilibrium values (w;,Lﬁ}. In Figure 1, then, consumption and hours worked
appear on the vertical and horizontal axes, respectively. The loci labelled C
= niL are the zero-profit loci for wage-hours packages which are taken by type
i and only type i workers. In light of (3) and the competition among firms
for workers, obviously each equilibrium wage-hours package will Jjust break
even. Finally, from the proposition we know that equilibrium announcements
must induce self-selection. How, then, are the equilibrium hours levels of

type 1 agents determined?



Figure 1

An Unemployment Equilibrium
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Consider first the hours of type 2 agents. We assert that L;, the
equilibrium hours level of type 2 agents, occurs at the tangency of the rele-

vant zero-profit locus with a type 2 indifference curve, labelled Ué in the

figure. Suppose this were not the case. Define 32 = argmax Up(mpLo,1-Ls).

~ ~

If Lg # EE’ then there exists a pair of values (WE,LE) satisfying
-~ -~ -A * r * N .
U2(w2 2,1 L2) > U2(12L2,l L2) and mp > wp. Hence, this alternate wage-hours

~

package would attract all type 2 agents, and since mp > Voo it would earn a
profit. This contradicts the fact that no firm has an incentive to offer a
wage-hours pair different from (wg,Lg). Thus, Lg = 12.

Now consider the determination of Lq, again using the proposition
and the fact that w; = mq, By the proposition, self-selection occurs in
equilibrium, so that {C12’L1) must be incentive compatible, i.e., must lie on

or below U_., the type 2 indifference curve through the point A in Figure 1.

5
Since Wy = mq, this implies that (Cyp,L;) must lie along the ray C = w{L, and
on or below the indifference curve Ué. As before, competition among firms for
workers implies that +the equilibrium values (C§2=L§) = (nlLi,Li) mist be
maximal for type 1 workers in this region. In Figure 1, the maximal (wt,Li)
pair occurs at point B, where Ué intersects C = m1L.

In general, it will be true that (1) holds with strict inequality in
equilibrium. Otherwise, an equilibrium would fail to exist. (2) may hold
with strict inequality as well. If (1) and (2) both hold with strict inequal-
ity an equilibrium exists, and coincides with the competitive equilibrium for
the full-information analogue of our econony. If (2) holds with equality
and Li # argmax U1(“1L’1'L)’ then an equilibrium may or may not exist. While

we will not be mich concerned with existence issues here, it may be useful to

say what existence issues hinge on. In Figure 1, we constructed the most
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preferred allocation for type 1 and 2 workers consistent with (3) and self-
selection. No other allocation consistent with self-selection and (3) is
preferred by any agents. Hence no other set of wage-hours packages with
(wy,L;) # (wp,Lo) can attract any agents (and earn a profit). Thus, if the
allocation depicted in Figure 1 is not an equilibrium allocation, there must
be an allocation which does not induce self-selection and which results in the
firm offering it earning a profit. Moreover, a wage-hours package not induc-
ing self-selection has, by (3b), w < m = omy + (1-8)n,. Hence, in order for
such a wage-hours package to attract type 1 workers (which is necessary since
type 2 workers alone cannot be attracted in a profitable manner), it is neces-
sary that there exist a value L such that Ul(;t'l_t) > Ul(ﬂlLi,Li). Notice
that there will exist such a value if and only if T is sufficiently large.
For given values of m; and wp, this hinges on 6. Hence, by appropriate choice
of 6 and other parameters existence can be guaranteed. This strategy is
followed below to ensure existence of equilibria.

Finally, three points should be made about the equilibrium depicted
in Figure 1. Let tl = argmax Ul(“lLl’l‘Ll)' Then, if the relevant indiffer-
ence maps are as depicted in Figure 1, Li < El’ i.e., there is unemployment
(underemployment) of type 1 labor. Hence, the hours restrictions which are
used to induce self-selection may give rise to permanent unemployment. Sec-
ond, while it may seem unusual to have high productivity workers unemployed,
there is substantial empirical support for models in the class under consider-
ation (Smith [1984, 1985]). And finally, it will be noted that since the
value of money is constant over time, all agents are indifferent as to whether
contracts are specified in real or nominal terms. We now turn our attention

to economies for which this is not the case.
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II. Nominal Contracts

In order to prevent agents from being indifferent regarding whether
contracts are specified in real or nominal terms, it is necessary that the
money supply be made stochastic. To this end, let there be a finite set E of
possible states of the world, which correspond to different realizations of
the money supply. Let e € E denote a typical element of E. Also, for our
purposes, it is sufficient to let E = {1,2}. Then there are two possible
realizations of the money supply, denoted by M(1) and M(2). Let M(1) = M, and
M(2) = gM; 0 < q < 1. Finally, let S(e) denote the inverse price level in
event e, let Li(e) be the quantity of labor a young type i agent contracts to
deliver next period if the current state of the world is e, let e' denote next
period's state of the world, and let C;o(e,e') denote type i old-age consump-
tion if the sequence of states e, e' is realized. Notice that the quantity of
labor supplied, Li(e), is contractually pre-specified when young. This per-
mits considerable simplification over allowing hours to depend on the realiza-
tion (e,e') without affecting the basic argument. The modifications required
to the analysis if hours depend on e and e' are discussed below.

All agents are assumed to have von-Neuman-Morgenstern preferences,
and the realization of M(e) in each period is independent of the realization
in other periods, and is identically distributed across periods. The prevail-
ing state of the world at each date is common knowledge, and as is implicit in
our notation, we restrict attention to stationary states. In addition, some-
thing should be said about the way in which monetary injections (or with-
drawals) occur here. It is assumed that all monetary injections are made via
proportional transfers to old type 3 agents. Also, let p denote the probabil-

ity of e' = 1 occurring next period (so that 1 - p is the probability of e' =
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2 occurring next period). Then, let ¥( ) denote the savings function of type
3 agents as before, which depends (in principle) on S(1)/S(e), S(2)/S(e), and
p, where p is the probability that e = 1 in this period's event.

Finally, it remains to describe firm behavior. As before, firms are
imperfect Nash competitors in labor markets. However, now firms may offer
wage-hours packages in which wages are specified in either real or nominal
terms (or in any combination of the two). Hence firms may use hours restric-
tions, the choice between contracts denominated in real or nominal terms, or
both to induce self-selection of workers. Formally, then, let a wage-hours
package consist of a l-tuple (xi,wi,ki,Li(e)). As previously, w; denotes the

number of goods to be received per hour of labor, and L;(e) denotes hours of

labor as a function of the young period state of nature. Let x; denote the

1
number of dollars paid per hour of labor, and let A; be a scalar constant
satisfying A, e[0,1]. The role of A; in the contract is that the ex post real
wage received by a worker accepting a type i contract is z;(e') = A;8(e')x; +
(1-3;)v;« Thus \A; represents the degree of indexation.

Finally, in order to retain comparability with the set-up of the
previous section, we impose an analogue of assumption (3)e In particular, we
rule out contracts involving cross-subsidization of type 2 workers by type 1
workers. Hence, if a firm specifies wages in real terms, these must satisfy
(3)e Moreover, as above, let zi(e) denote the ex post real wage offered to

type i agents. Then if type 1 and 2 agents are distinguishable, the

announcements zi(e) are required to satisfy

(5a) pzi(l) + (1—p)zi(2) < T
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If these agents are not distinguishable, then the common ex post wage rates

z(e) mst satisfy

(5b) pz(1) + (1-p)z(2) < em, + fl—B)n2.

1

Hence, as before, each individual contract offered muist at least break even in

expected terms.

It is also the case that announced wage-hours packages must be

incentive compatible. This requires that the announced contracts satisfy

(6) pUl[llS(l)lel(e)+(l-Al)wlLl(e),l-Ll(e)] + (l-p)Ul[AlS(E)lel(e) +
(1-2w, L, (e),1-Ly (e)] > pU, [A;8(1)x,L,(e) + (1-A )w Ly (e),1-Ly(e)] +

(1-p)Ul[A s(2)x,L,(e) + (1-2

5 5 w.L (e},l-Lz(e)]; e =1, 2,

U
(7) pU, [A,8(1)x, Ly (e)+(1-2,)w, Ly (), 1-L(e) ] + (1-p)U, [A8(2)x,L,(e) +
(1-2,)w,L,(e),1-L,(e)] > pU, (A 8(1)x, L (e) + (1-A;)w L, (e),1-L,(e)] +

(l—p)Ug[lls(2)x111(e) + (l-Al)wlLl(e),l-Ll(e)I; & =1y Ba

If workers of both types are governed by real contracts (i.e., if Ay = 0; i =
1, 2), incentive compatibility continues to require satisfaction of (1) and
(2). In particular, notice that if contracts specify payments in real terms
no workers face any risk from inflation, and Li(l) = Li(E). Thus (6) and (7)
reduce to (1) and (2).

We are now prepared to define an equilibrium for this economy.
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Definition. A (stationary) Nash equilibrium is a set of announced wage-hours
packages by firms which is incentive compatible and which satisfies (5), and a

set of values S(e); e € E, such that

Al no irm as an 1ncentclve 0 change 1Us contractua specliilcations

(i) fi h i £ to ch it tractual ificati
given the announcements of other firms, with any announcements sub-
ject to (5), (6), and (7).

(ii) the money market clears, i.e.,

(8) we S 5B 0] = stedme)s e e E.

As before, any equilibrium involves sorting of workers, and 6 can be
chosen to ensure existence of equilibrium. Also, it should be noted that
while we have used the term real contracts if Ay = 0, these can be viewed as
either fully-indexed contracts, or as a choice of making trades on a spot
market. However, we retain the term real contracts below.

As already indicated, any equilibrium involves self-selection of
workers. This is clear intuitively since if sorting did not occur, a contract
which broke even would involve firms earning an expected profit on type 1
workers and making an expected loss on type 2 workers. Hence, an incentive
would exist for some firm to attempt to attract only type 1 workers in such a
situation, which could always be done if the condition in the statement of
Proposition 1 were satisfied. Given the fact that sorting occurs, competition
among firms for workers ensures that type 2 workers obtain the maximal con-
tract for them consistent with (5a), and with the process generating the
inverse price level. Similarly, type 1 workers receive the maximal contract
for them consistent with (5a), consistent with self-selection occurring, and

consistent with the process generating the price level., Finally, competition
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guarantees that in equilibrium each package earns zero-expected profits in
real terms. We do not require that profits of firms be zero in each event
e. Since Lj(e) is specified contractually when young, then, zero-expected
profits in a nominal contract requires that the nominal wage paid to type i

workers, Xj, satisfy

It will now prove useful to consider some specific economies in
order to analyze the role played by nominal contracts in this world. We begin
with a set of economies where nominal contracting permits attainment of a
first-best allocation of resources.

A Class of Economies Where Nominal Contracting Produces a First-Best Alloca-
tion of Resources

We begin by specifying a class of parametric utility functions for

each type of agent (other than firms). Let

U (C,1-L) = nC + 1 - L
U,(C,1-L) = &nC + gn[(1-L)+k]
U3(C31,C55) = Cgpe

Productivity parameters are w) and wp as before, and let the measure of type 3
agents pu = 1. Then an econonmy in this class is a set of parameters
(k,m,m5,n,8) with 1y > 1 > 0, nmy > 1, 6 € (0,1), and k > = 1.

We begin by analyzing as a benchmark the Nash equilibrium for this
economy under full-information and a constant inverse price level [M(l) =
M(2)), which obviously coincides with the competitive equilibrium for the

full-information version of the economy.
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Full Information: Constant Price Level

Obviously, real versus nominal contracting is a matter of indiffer-

ence to all. Hence, let all wages be set in real terms. Then A\; = 0 and w; =

m;3 1 =1, 2. Given these real wages, Lj solves

max (nw_-1)L_.

1 1
0 < L1 <1

We assume throughout that nmy > 1, so that L; = 1. Also, Lo solves

ma.x gn w L_ + gn(l+k-L_).
0<L,<1 22 2
2
. = : Fc o : 1l +k .
For an interior optimum this involves setting L, = 5 (Clearly, an inter-
ior optimum involves - 1 < k < 1l.) Finally, type 3 agents obviously save

their entire endowment when young. Hence,

¥(=) = 1.

Utility levels, then, are as follows.

a
1}

(nﬂl - 1)L, +1=nn

1 3 1
1+k .2
U2 = £n[ﬁ2(—§—) ]
U 2 %y
3

As this is a standard steady state competitive equilibrium with valued fiat

money, the above is a first-best allocation of resources.

Private Information: Constant Price Level

As a second benchmark, it is useful to consider what happens here
when nominal contracting cannot alter resource allocations (as when the price

level is constant). Also, obviously, private information does not change
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matters unless (2) fails for the full-information version of the economy. Now
if type 2 agents were to mimic type 1 agents they would work L; hours, and
earn the wage rate mq. Hence, the full-information allocation is not incen-

tive compatible iff

(9) g, + fnk > zn[ﬂ2(-%)2],
or iff
o
, 2., 1+ky 2
(9") k > [;I)G7§— .

(9') is henceforth assumed to hold.
This economy, under (9'), is now in the situation depicted in Figure

1. Hence, the equilibrium hours level of type 2 agents is the same as under

full-information, so Lg = 1 ; k. L{ is determined by the self-selection
condition (2) at equality, along with wy = ny, l.e.,
1+k 29 _ - -
£n[12(—ird ] = g L¥ + xn(l+k-L1).

(10) may be solved directly for L{ to obtain

1+k) [ +.017 2)1/2].

I$ = (S 1-( o

I

Finally, the price level is as before. Notice that, by (9')

U1 = nm, L. + (lle) < nm

5 g | 1°

Nominal Contracts

Now return to the setting in which M(1) = M, M(2) = gM; 0 < q < 1.
We show that p and q can be chosen (in fact for any p € (0,1) q can be chosen)
such that even with private information, a first-best allocation of resources

is attained.
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First consider determination of the inverse price level. The aggre-
gate demand for real balances is always one unit (type 3 agents save their
entire endowment of one unit, and they are the only savers). Hence, S(e)

satisfies
(11) S(eM(e) =1 % e.

Thus, S(1) =-% and S(2) = iﬁu Then consider the utility of type 3 agents.
Since all monetary injections are through proportional transfers, we have the
following. Young type 3 agents accumulate real balances S(e)M(e). Then, when
old their real balances are S(e')M(e) times one plus the proportional trans-

fer, i.e., times M(e')/M(e). Hence their old age real balances are, net of

transfer,

M[e')][s(e')

S(e")M(e') = S(e)M(e)| M(e) 1L s(e)

] = s(eM(e)

by (11). Since S(e)M(e) =1 % e, U3 = 1 as before.

Second, we show that type 2 agents always have their compensation
governed by real contracts (12 = 0). To do so, it suffices to suppose that
type 2 agents are governed by nominal contracts in equilibrium (12 = 1). Then
zero-expected profits would imply xp = mp/ES(e'). It is easy to check that

Ly(e) = =—»— ¥ e. Hence, expected consumption for type 2 agents would be

n
E(-l%li) .E-S—fs_‘)- [S(e?)] = 12(1—;}").

But since type 2 agents are risk averse, obviously some firm could offer type
1+k

2 agents a strictly preferred wage-hours package [We,(T)) with wp < mps

attract all type 2 agents, and earn a profit. Hence, no type 2 agent is

governed by a nominal contract in equilibrium, contradicting the
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supposition. Thus, type 2 agents are in the same situation as previously,

1+ k
¥ =
and L2 5

Third, we ask what is necessary for Lj(e) = 1 ¥ e to be consistent

g B Zero=-

with self-selection under nominal contracting. Thus let A4

expected profits implies that x; = m/ES(e'). Thus, if I,(1)

i
iy
~
=
i
‘.I—'

type 1 agents receive state 1 consumption

Now s(1) ==, S(2) =;—, and

53]
(47]
®
el
]
o]
wm
=
+
|
I
‘o
w
N
S

Hence,

¢15(1) = =)

"
012(2) = pa + (1-p)°
Now any type 2 agent accepting a type 1 nominal contract would work one unit,
and receive the same state contingent consumption levels as above. Hence,

Li(e) =1 ¥ e is incentive compatible (consistent with self-selection) iff

b s | 14k, 2
(12) pln[m] + (1-P)£n[pq+ = ] + 2nk < !.n['ﬂg(T) ].
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Exponentiating both sides of (12) and rearranging terms we obtain the equiva-

lent expression

m 2 P
2y 1+k kq
12! = > .
2y s> A
Now by (9')
kq® ¥ 14k, 2
e TER e R
q<l

Also, clearly

P ™
0 P+ (1-p T

q>0

Hence, by the intermediate value theorem for any p € (0,1) there exists a

value q'(p) € (0,1) such that

2 p
2,,1+k k(q')
(“1)( 2 ) Pq + (1-p)°

Then ¥ q € (0,q'(p)], it is incentive compatible to set Li(e) =1 ¥ e.
Now consider the utility of type 1 workers if Ll(e) =1 ¥ e. Their

expected utility is given by

s(1) ,

oty + (1-p)gvars]m L (e) + [1-L (e)] = nm, .

Moreover, this is incentive compatible for any q € (0,q'(p)]. Hence, a choice
of q in this range (for given p) allows all workers to obtain the same utility
as they would under full-information. Also, since type 1 workers attain their
first-best levels of expected utility, for such a choice of q an equilibrium

always exists.
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For type 2 and 3 agents (and firms), then, the existence of nominal
contracts and price level variation is not detrimental. For type 1 agents,
the use of nominal contracts under private information is strictly welfare
improving for appropriate choices of p and q. This type of welfare improve-
ment occurs precisely because more productive workers in this economy are less
risk averse than other workers. Hence nominal contracting, which produces
risk due to the possibility of price level variation, can be used as a sorting
mechanism. The empirical plausibility of this type of sorting mechanism is
discussed below.

At this juncture several points should be made. First, nothing re-
quires that workers governed by nominal contracts need be paid in money. Our
nominal contracts could simply be of the form of the barter contracts dis-
cussed in the introduction.

Second, it 1is interesting to contrast the result on nominal con-
tracting just exposited with other explanations of the role of nominal con-
tracts based on private information. In particular, Azariadis and Cooper
(1985) and Cooper (1982) produce models in which private information prevents
the occurrence of complete contingent claims markets. Nominal contracts may
then arise as a type of risk-sharing device. This seems contrary, however, to
the received wisdom that nominal contracts actually expose agents to more risk
than indexed contracts. In the model of this section nominal contracts are a
risk-producing device which arises endogenously in the model as a sorting
mechanism.

Third, one puzzle regarding nominal contracts has been why their use
persists under high rates of trend inflation. For the class of economies dis-

cussed in this section, a trend could be introduced into the money supply pro-
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cess. In particular, suppose Mg(1l) = (1+0)tM, and Mt(2) = (1+0)tqM. Then if
o > 0, type 1 agents would be worse-off under purely nominal contracting than
if 0 = 0 and q were chosen so that q < q'(p). However, there is a critical
rate of trend inflation ¢' > 0 such that if o > o', type 1 agents would be
strictly better-off under purely nominal than under purely real contracts.
Hence this puzzle is partially resolved here. In this case, of course, some

indexation of type 1 contracts would typically be desirable.

A Remark

Nominal contracting works in the class of economies above because
nominal wage contracts cause price level variation to induce variance in the
consumption levels of type 1 agents. This variance serves as a sorting device
since type 1 workers are relatively less risk averse than type 2 workers.
However, this mechanism relies on the government to produce appropriate ran-
domness in the (inverse) price level. It is natural to ask whether firms
could not produce this randomness on their own without the aid of price level
variation?

Our answer to this question consists of two parts. The first is to
note that one can construct economies for which any randomizing devices that
can possibly be equilibrium randomizing devices mst produce (in expected
value) the same outcome as does the use of nominal contracts. This statement
applies even to nominal wage rates, for instance. An example of such an
econony is presented in Section IV below. However, this is not true for the
class of economies considered in this section. Hence, we might ask again
vhether firms could not induce the requisite randomness in type 1 consumption
without the aid of nominal contracts (and price level variation) for this

class of economies?
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The answer is that if private agents were to attempt to create the
randomness in type 1 consumption observed above, this would give rise to a new
class of incentive problems. In particular, once the old age state is rea-
lized, the ex post real wage is given by S(e')nllES(e'). In the economies
above, since q < 1,

S(l)ﬂl . S(2)nl.

ES(e"' 1  ES(e')

Thus, if firms were to attempt to reproduce the allocation of resources of the
previous section, they would have to use a device which produced real wage
8(1)m,/ES(e') with probability p, etc. However, since S(1)m,/ES(e') < Ty,
firms have an incentive to "cheat," and attempt to enhance the probability of
this state occurring. However, this would reduce the expected real wage below
my, and thus reduce the expected utility of type 1 agents below that obtained
through nominal contracting. Similarly, if type 1 workers were allowed to
operate a randomizing device which reproduced the ex post real wages above,
they would have an incentive to cheat by enhancing the probability of receiv-
ing the real wage S(2)ny/ES(e'). This, in turn, would cause expected losses
for firms. Hence, utility maximizing agents cannot be trusted to use ran-
domizing devices with unobservable outcomes so long as the real wage is not
constant across states of nature.

It is natural, then, to use as a randomizing device a contracting
technology which ties the ex post real wage to observable, economy wide
eventséf such as realizations of the price level. Other random, generally
observable objects could also be used--sunspots for instance. However, the
price level seems a reasonable choice with other features in its favor, such

as the oft-cited "convenience" of nominal contracts.
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As a final remark, there would be no incentive for firms to cheat in
the use of a randomizing device if Lj(e) were to vary across states while the
realized real wage wy(e) = m; % e. However, now for the class of economies
above clearly Lj(e) < 1 for some e occurring with positive probability.
Hence, again nominal contracts possess a natural advantage.

For the class of economies considered in this section, then, the use
of nominal contracts for type 1 agents can produce a first-best allocation of
resources. This does not require the use of any hours restrictions. Neither
of these outcomes holds across all classes of economies, however. Also, for
other classes of economies hours vary in a manner which produces a Phillips
curve. We now turn to a set of economies with the features that (a) a Phil-
lips curve with the "proper" slope exists, (b) hours vary over a "business
cycle," and (c) the first-best allocation of resources cannot be reproduced

under private information.

ITI. Nominal Contracting with a Phillips Curve

We now wish to relax the assumption that type 1 agents are risk neu-
tral, and to do so in a way which allows hours to vary. Thus, we consider a
class of economies in which type 2 and 3 agents (and firms) have the same

preferences as in section II, and in which

U (C,1-L) = nC - (§)c% + (1-L); o« > O,
BUl
Parameters will always be restricted in such a way that —3c > 0. Also, we now

change our assumption on endowments so that type 1 agents are endowed with one
unit of the good when young. This is obviously saved through the acquisition
of real balances by these agents. We assume that agents' portfolios are not

observable by firms.
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Also, we continue to consider the case in which hours are con-
tractually pre-specified as a function of the young period state alone
(Lij(e)). Finally, for simplicity we now exclude the possibility of partial
indexation of contracts, i.e., ki e {0,1}; i = 1, 2. Thus firms offer either
fully indexed or completely unindexed contracts.

Despite the fact that the model of this section differs in a rela-
tively minor fashion from that of Section II, the range of possible equilib-
rium outcomes is now sufficiently large that a general analysis of this class
of economies would be quite difficult. Moreover, this is true even though
many of the results of the previous section continue to apply. In particular,
it will continue to bhe the case that generically any equilibrium displays
sorting of workers by contract accepted and that in equilibrium type 2 agents
will be covered by indexed contracts. Nevertheless, a large array of equilib-
rium outcomes is possible here. Thus we adopt the following strategy. The
remainder of the section considers a numerical example which illustrates the
range of possible equilibrium outcomes, and which gives rise to a Phillips
curve, This will, hopefully, suggest the ability of models in this class to
generate nominal contracts, and as a consequence of these contracts, non-
trivial cyclical behavior.

Example. Let k =1, m =1, m, = 3/4, n =5/2, a =1/8,p = 1/4, and
q = 1/10 (where M(2) = gM with probability 1 - p). As a first benchmark we
consider what we would observe for this economy under full information and a

constant price level (q = 1).

Full Information, Constant (Inverse) Price Level

1l +k
2

As before, L, = = l,and Us = gn[w [}%5]2] = gn(3/4). Also,

2

recall that type 1 agents have one unit of the good when young, which they use
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to acquire real balances that (with M(1l) = M(2)) bear a gross rate of return

of unity. Hence

Uy = nCy, - (B0 + (1-1) = n(n Ly#1) = (§)(n L +1)?

1 12 3 A + (1-L),

which is to be maximized by choice of Lj. This results in setting L; =1 for

)2 = 19/h.

= =
our parameter values. Hence U; = n(ﬂl+1)-[2](nl+l

Private Information, Constant (Inverse) Price Level

As a second benchmark, we consider what the equilibrium outcome
would be for this economy under private information with a constant money
supply, and hence with a constant inverse price level. Clearly, since L =1
= L, under full information, the self-selection conditions (1) and (2) bind on

the determination of the equilibrium wvalue Ll*. Thus, Jjust as in Section IT,

: * 1+
we are in the world depicted in Figure 1. Hence, as before, L, = (&5 k] =1

%
and Uy, = o[ 2[1+k} ] = an(3/4). L, is now determined by (2) at equality

along with n, = 1. As before, this implies that

1

and, of course, L £[0,1]. Hence, for the parameter values of the example, Lq
= 1/2, and Uy = n(m L +1)- [2](n1L1+1) + (1-L;) = k.109.

We now wish to consider what happens when the price level varies ac-
cording to the parameters given above. Again it will be useful to begin by
considering what happens under full information, as this will allow us to

check that incentive constraints do in fact bind on the determination of

equilibrium contracts.
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Full Information, Variable (Inverse) Price Levell/

Clearly under full information all agents will receive indexed con-

tracts. Hence, as before, Ly(e) = s g B i ¥ e, where it will be recalled

that hours are set when young. Then a type 1 agent who is young in state e
faces the real wage rate Wy = T, and competition among firms for workers
implies that L,(e) is chosen to solve the problem

ES(e') 5(1)°
OQLT?Z)<1n[n1L1(e)+‘—Ergya] = [l—Ll(e)] - p(%J[ﬂlLl(E)+'§TET]

w

(2)}2

- (1-p) () [m Ly (e)+ =5l e =1, 2

For our parameter wvalues, this results in the choices Ll(l) = L1(2) = 1.
Hence the incentive constraint (2) continues to bind in the determination of
type 1 contracts. We now consider how these are determined under private

informatione.

Private Information, Variable (Inverse) Price Level

Since kl e {0,1}, type 1 workers will be offered either a fully in-
dexed, or a purely nominal contract in equilibrium. As indicated previously,

A 0, or type 2 workers are always covered by indexed wages. Then, as

_1+k
2~ 2

There are now two possibilities as regards type 1 contracts. The

2:

before, L = 1, and Uy = gn(%).

first is that wages are set in real terms. Then, as we have seen, incentive

constraints bind, and w; = m,. Thus Ll(e) is determined by condition (2) at

equality along with w. = . As before, this results in

3. = Wy
1/2

M, =T
L (e) = (1;k][1¢[ 1“12] ] x.% L, B
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The second possibility is that type 1 workers are covered by nominal con-
n

tracts. In this case, they receive the nominal wage rate X = TBe)" Then

the maximum possible expected utility level attained by a young type 1 worker

born in state e would be generated by choosing Ll(e) to solve the problem

i i s ES(e')
) 0<LTE(LZ)<1{p“[ESEe'5]+(1"P)”[m]}Ll(e) + 1Ly (e)] + Syt

o nlS(l) 5(1) 2 o n28(2) s(2) 2
- p[-e—)['E—s—(m- L, (e) +§®-] _(1_p)[§][ﬁ§-(g,—)- L, (e) +§(ET] s e =1, 2,
It will be useful to begin by considering price level determina-
tion. As before, the demand for real balances is constant consisting of young
type 1 and 3 agents supplying their young period endowment in return for
money. Denote this constant demand by y. Then S(e)M(e) =y % e, so that S(1)

= y/M and 8(2) = y/qM. Then, as before,

s(1) _ q _
BT T e W

s(2) 1 _ ko
ES(e') " pq + (1-p) ~ 31

Finally, as is implicit in our description of type 1 agents' behavior, no old
age monetary transfers are made to type 1 agents. All transfers are made to
old type 3 agents. Parenthetically, it might be noted that, depending on the
relative sizes of the type 1 and type 3 agent populations, feasibility of this
transfer scheme may require that type 3 agents have some endowment of the good

when old. We may assume their old age endowment is whatever we require, as

this does not affect any of the analysis.
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There are now two cases to consider.

Case 1. e = 1.

Suppose that a type 1 agent young when e = 1 takes a nominal con-
tract. Then it is easy to verify that the solution to the problem (P) sets
L;(1) = 1, and that the associated level of expected utility is 15.88. If,
instead, a type 1 agent takes an indexed contract then Ll(l) = 1/2. Then the

expected utility associated with an indexed contract is

nlm Ly (D+ 25524110, (1] = p(F) n L, (1)411°

o s(2) 2
- (1-p)(3) [ L (1) + §(TT] = 1549234

for the parameters of our example. Hence an indexed contract yields higher
expected utility for type 1 workers than does any nominal contract. Moreover,
the indexed contract satisfies (2) by construction. Thus if e = 1 type 1
agents take indexed contracts and have Ly(1) = 1/2. At the equilibrium real
wage T, = 1, these agents would choose Ll(l) = 1 if unconstrained. Hence if e

= 1 type 1 agents experience unemployment.

Case 2. e = 2.

Suppose that type 1 agents are covered by nominal contracts. Then
%y = EE;%TT' We begin by considering the value L1(2) that solves the problem
(P) for this value of X1+ It is straightforward to verify that the maximizing
value of Li(2) is L;(2) = 1. Moreover, this is an incentive compatible con-
tract if (6) and (7) are satisfied. TFor this example, since L;(2) = 1, and

since type 2 agents are governed by real contracts, (7) is equivalent to

(12'). It is straightforward to check that for the parameter values of this
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example, (12') is satisfied. To check that (6) is satisfied, note that the
maximized value of the objective in (P), conditional on e = 2, is E[U1|e=2l =

4,19. A type 1 agent taking a type 2 (indexed) contract would receive the

Il

certain real wage W, = m, = 3/4, and work Lp = 1 units. This would result in

expected utility

+

n[n, L+ _TTEg(;')] (1-L,) = p(Z)[n L+ _—Sgég]
- (1-p)(3) [112L2+l]2 = 3.658.

Hence both self-selection conditions are satisfied by this nominal contract.
It remains to consider the possibility that type 1 agents are cov-
ered by indexed contracts. This involves, as before, setting vy =Ty = 1, and
L1(2) = 1/2. This contract yields type 1 agents expected utility given by
1, ES(e') ayrl , S(1) @ ayrl 2 _
“['2' + = _2)_] + 1/2 - p(ﬁ)[_é + §(_2_)-] = (l-—p)[_é.] [§- + l] = 3,578.
Thus type 1 agents prefer nominal contracts, so that competition among firms

for workers implies that this is the equilibrium outcome if e = 2.

The Phillips Curve

Now we consider the Phillips curve generated by the economy of the
example. In particular, if at time t e = 1, then since S(1) < S(2), S(1) <
ES(e'). Hence, the inverse price level rises on average, or the price level
is expected to fall. At t + 1 L (e) = Ll(l) (with L, constant), so hours (and
hence output) are low. Hence, on average, deflation will accompany low output
and conversely inflation will accompany high output. Hence, a Phillips curve

arises.
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Two points, which are completely general, should now be made about
our economy . First, since hours at time t are determined at time t - 1,
movements in the money stock tend to occur before movements in the real sector
of the economy. This is a widely noted empirical regularity (Friedman and
Schwartz [1963], King and Plosser [1984], Prescott [1983]). Second, since
hours at time t depend only on the time t - 1 money supply, and since the
money supply is distributed independently across periods, the time t money
supply and the time t level of output are uncorrelated. This is consistent
with the evidence of King and Plosser (1984) that the money supply and the
level of output are not strongly correlated contemporaneously. It also avoids
a countercyclical price level, which would be contrary to observation [Pres-
cott (1983)]. Hence, our model produces an empirically reasonable aggregate
Phillips curve.

As an additional remark, we might note that the example just pre-
sented yields something that an outside observer might regard as "endogenous
indexation" of contracts. In particular, in some periods all wage contracts
will be indexed, while in others some contracts will be unindexed. Hence an
outside observer might be led to conjecture that in states where e = 1, and
all newly negotiated contracts are indexed, this was because the money supply
had recently expanded, with the resulting period of inflation alerting workers
to the potential "costs" of not indexing wage rates. While this conclusion
would, of course, not be warranted, it would accord well with observations
generated by the example economy.

The example just considered is indicative of the range of possible
equilibrium outcomes for the economies at hand. In particular, in some states

all wages may be indexed, while in other states some may be unindexed. Other
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economies might generate equilibria where indexation always or never occurs,
or, as another possibility, in some states incentive constraints need not bind
at all. Finally, as the example illustrated, in e = 2 with entirely real
contracts, it is possible that both incentive constraints (i.e., (1) and (2))
bind simultaneously. Hence, in the absence of nominal contracts, no equi-
librium would exist. Thus the presence of nominal contracts may also result
in the existence of an equilibrium for economies where an equilibrium would

otherwise not exist.

Hours Selected After Realization of Second Period State

In this section, we briefly consider how the analysis would be
altered if hours could be specified as a function of e' as well as e. Such a
possibility would greatly complicate the analysis, for the following reason.
Consider a firm negotiating a contract with young type 1 agents if the current
period state is e. (Of course, type 1 workers are the only agents who might
receive nominal contracts.) Suppose further that for simplicity we
impose Aie{O,l}, i.e., all contracts mst be either real or nominal. Ir
nominal contracts are to be used, the firm must set values x; and Ll(e,e'}.

Then its zero (expected) profit condition is
(13) p[wl-S(I)xllLl(e,l) + (l—p)[nl-S(E)xllLl(e,Z) =03 e=1, 2,

In addition, given that type 2 workers will continue to be covered by real
contracts, the relevant incentive compatibility constraint on the choices of

x1 and Ly(e,e') is

(1k) pU,[8(1)x, L. (e,1),1-L (e,2)]

2[ 1M (e,1)] + (1-p)U,[8(2)x, L (e,2),1-L

1 X;

< U2(w2L2,l-L2); e=1,9,
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Then competition among firms for workers implies that any set of candidate

equilibrium values x1, and Ly(e,e') must maximize

pU, [8(1)x,L, (e,1),1-L

Ty (e,1)] + (1-p)U, [8(2)x,L, (e,2),1-L, (e,2)1;

1

e=1, 2,

subject to (13), (14), and 0 < L;(e,e') < 1, where for simplicity we have
assumed that type 1 agents have no goods endowment when young.

The maximization problem faced by firms, then, is a fairly difficult
one, since (14) is not a convex constraint, and both (13) and (14) are non-
linear. Even for very special type 2 preferences, such as the logarithmic
preferences assumed above, a closed form solution for xq, and the wvalues
Li(e,e') can generally not be obtained unless Li(e,1) = Ly(e,2); e =1, 2. 1In
this case, of course, the analysis of the previous section applies. Hence
non-trivial analysis of these economies can be done only by simulation, which

we do not undertake here.

IV. Nominal Contracts and Other Randomizing Mechanisms

In the preceeding sections the use of nominal contracts served as a
mechanism for randomizing the consumption of certain sets of agents. ©Such a
randomizing device, as has been seen, can serve to relax certain incentive
constraints, and thus enhance the economic efficiency of equilibrium resource
allocations. However, in the examples above, nominal contracts are just one
of any number of conceivable randomizing devices that could be employed, even
if attention is restricted to devices which cannot be manipulated by parties
to specific contracts. Moreover, different randomizing devices may have very

different implications for certain aspects of economic behavior in which we
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are interested. In order to see this, consider the class of economies ex-
amined in Section II. Suppose that, in addition to randomness in the money
supply, there is some other nonmanipulable randomness in the system. Let the
state of the world be described by the vector (z,e) € Z x E, with Z and E
finite. If the state of the world is (z,e), then the money stock is M(e), and
let z be (for instance) the level of sunspot activity. Moreover let sunspot
activity and the money stock be independent, and let the probability of state
(z,e) ve p(z)p(e), with § p(z) =1 =] p(e). Moreover, suppose that firms now
offer contracts in whic; the ex Eo;i real wage received by type 1 agents
varies with z. Denote this wage w,(z). Then (with constant hours) the zero

expected profit condition for firms implies that ) wl(z)p(z) = Also, if

zZ
wl(z) is variable in an appropriate way, it will be incentive compatible to

1.

set Ll(z,e) =1 % z, e, so that a first best allocation of resources is ob-
tained.

Now consider the expected value of the nominal wage for this econ-
omy. The ex post nominal wage is wl(z)/S(e), where it should be clear that
the inverse price level can depend only on e. Then the expected nominal wage
rate is
alRlele) e TR -y g R, T

5(e) - e gg‘(a"“lgg(a'*M‘

Thus the expected nominal wage 1is not proportional to the expected inverse

z,e

price level. In short, different randomizing mechanisms have very different
implications for the behavior of nominal wages, for instance.

In this section, then, we wish to show that for some economies the
types of randomizing mechanisms that can be employed in equilibrium are much

more restricted than they are in the economies considered above. To do so, we
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now present an example in which (i) the use of nominal contracts permits the
attainment of a first best allocation of resources, and (ii) any other equi-
librium randomizing device produces the same expected resource allocations,
real wages, and nominal wages as does the use of nominal contracts.

In order to present such an example, it will prove convenient to
slightly alter the economic environment being considered. Thus the environ-
ment is now as follows. All agents are three period lived. Workers have no
endowment of the good at any date, and all workers have one unit of time in
their middle period of life to be allocated between labor and leisure. Type 3
agents have some endowment of the good at each date, about which we will say
more below. As before, the first period of life for firms and workers is a
negotiating perioed, and all agents are retired when old. Preferences of

agents are described by the utility functions.

U (€1€,90C5o1-E) = 1G4 + (1-L)
U2(021,022,023,1—L) = BC22 + ¢C23 + (l—L)
U3(C375C555C33) = Cass

where 1 - L refers to middle age leisure, and where we impose the restrictions
B>¢, n>¢, nmy > 1, By > 1, and ¢y = Brp. As before, my and m, are pro-
ductivity parameters.

The other alteration to the environment is that we now assume that

all agents' portfolio behavior is publicly observable. Thus if type 2 agents
wish to take type 1 contracts, their savings behavior must also mimic that of

type 1 agents. Given this, firms behave as previously.



=37 =

Finally, we must describe the behavior of the money supply. As
before E = {1,2}, M(1) = M, M(2) = gM, and e = 1 occurs with probability p.
All monetary injections/withdrawals are accomplished via transfers to old type
3 agents. This, of course, requires that type 3 agents have a sufficiently
large old age endowment for the requisite transfers to be feasible. We can
henceforth assume this as this parameter plays no other role in the analysis.

Having described the environment, we may now consider the behavior
of this economy under various circumstances. We begin with the case of a

constant price level.

Constant Price Level, Full Information

We first let M(1) = M(2) = M. Then the inverse price level is con-
stant, type 1 agents accumulate their entire labor income mw Ly as real
balances which they carry into old age, and since B > ¢, type 2 agents do not
acquire real balances. Then, since nmy > 1 and Bnp > 1, Ly = Lo, =1, and Uy =
nmy, U = Bnpe Finally, we may consider price level determination. Denote
the (constant) demand for real balances of type 3 agents by y, let pu be the

measure of type 3 agents, and let Yy be the measure of type 1 agents. Then

SM = l-ly + Ynl.

Constant Price Level, Private Information

Now suppose that type is privately observed. Then the full informa-
tion allocation 1is incentive compatible. To see this note that a type 2
worker accepting a type 1 contract works one unit, and receives income T
which must be saved at a gross rate of return of unity. Then type 2 agents
taking type 1 contracts receive expected utility ¢my = Bmp, by our assumptions
on parameter values. Since type 2 utility from a type 2 contract is Bwy, the

full information allocation is incentive compatible.
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Variable Price Level, Full Information

Suppose now that, for whatever reason, the money supply varies
randomly according to the distribution discussed above. Suppose also that
nmES(e)/S(e) > 1 % e, where we state what this requires below. Then Lj(e) =
1 ¥ e. In addition, suppose that ¢ES(e)/S(e) < B ¥ e. Then Lo(e) =1 ¥ e,

and type 2 agents do not accumulate real balances. Hence U, = Brpoe Finally,

since S(e)M(e) = py + Y1, ¥ e, 8(1) = (%J(uy+yﬂl) and S(2) [éﬁ](uy+ynl).

Thus

ES(e) _pg + (1-p)
s(1) q

]

ES(e)

5(2)

pq + (1-p).

Therefore, nmES(e)/S(e) > 1 % e requires nmy(pq+l-p) > 1, and ¢ES(e)/S(e) < B
¥ e requires that (pq+l-p)(¢/q) < B. Given our assumptions, these conditions

will be satisfied for any q sufficiently close to one.

Private Information, Real Contracts

Now that the price level is variable, the full information alloca-
tion is no longer incentive compatible. To see this, note that a type 2 agent
taking the type 1 contract above works one unit, receives real wage T, which

must be saved, and viewed from the standpoint of period 1, earns the expected

ES(e')
S(e)

age. Thus a type 2 agent taking this type 1 contract obtains expected utility

gross rate of return E[ ] on savings, where e' denotes the event in old

on B(Zle] < g m8(e)E[shs] > gu, = B,

by Jensen's inequality. Thus, incentive constraints bind on the determination

of Ll‘
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Now suppose that hours are set in youth (during the negotiating per-
iod), which is an assumption of convenience, and that firms are restricted to
offer only indexed contracts. It is easy to check that the values ES(e)/S(e)

are exactly as previously. Also, define

ES(e")

R(p,q) = E[_ETET_] > 1.

Then L; is determined from the relevant self-selection condition at equality:
¢ﬂ1R(p,q)Ll - (l-Ll) = Bm,.

Solving for I yields

-1
Bﬂ2

S B R - 1’

as ¢m; = Bny. Then a type 1 contract yields type 1 agents the expected util-

ity level (with expectations taken in period one)

nan(Bn2-l) + Bﬂa(ﬂ—l)
(anﬁ-l)

EUl =nn R(p,q)L1 + (l-Ll) = '

1

It is tedious but straightforward to check that

98U, (¢-n)m, (Bm,-1)
R 2 <0
(B, R-1)

since Bmp > 1 and ¢ < n. Hence the utility of type 1 agents is diminished

relative to what they would obtain if the money supply were constant.

Private Information, Nominal Contracts

Now suppose that firms offer type 1 agents a prespecified nominal

wage xq and a prespecified hours level L; in the contracting period. Then
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zero expected profits for firms requires that X = nleS(e), and suppose L1 =

1. The type 1 expected utility level from such a contract would be

E{n Eg%%§l]8(e)xl} =T,

since S(e)xl is the ex post real wage received by type 1 agents under this
contract.

Now consider the expected utility of a type 2 agent taking a type 1
contract. OSuch an agent works one unit, receives the ex post real wage S(e)xl
in middle period state e, and in such a state faces the expected gross rate of
return ES(e)/S(e). Hence the expected utility for a type 2 agent taking a
type 1 contract is

T

E{¢[=gray18(e)x, } = ¢ES(e')ggray = ¢y = 87, < EU,.

Recalling that a type 2 contract yields utility Bﬂ2,§! it is clear that this
contract is incentive compatible, and results in type 1 agents obtaining the

same expected utility as they would under a regime with a constant money

supply .

Other Randomizing Devices

As before, suppose that some other '"noneconomic" randomness exists
in the system. Let (z,e) denote the current period state, and let p(z)p(e) be
the probability of event (z,e). Further, let wy(z,e) be the ex post real wage
offered to type 1 agents, which may be state dependent, and let S(z,e) be the
inverse price level in event (z,e). Finally, for simplicity, we continue to
have hours contractually prespecified when young. Then, in equilibrium,
contracts offered to type 1 agents must provide at least the expected utility

level of the nominal contracts examined above. In addition, they must be
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incentive compatible, and satisfy +the zero expected profit condition
E wl(z,e)p(z)p(e) = M. Moreover, such equilibrium contracts will, because
Z,e

they mist maximize the expected utility of type 1 workers, set I, = 1. Thus

the values w(z,e) must be chosen (in equilibrium) to solve the problem

max E{ Eg%g{g%llﬂwl(z,e)}

subject to

(15) L wi(z,e)p(z)ple) = my
z,e

(16) ¢E{[E§-‘é:_g‘)'-_’l]wl(z,e)} < g,

where the latter 1is the relevant incentive compatibility constraint if
¢ES(z',e')/S(z,e) < B % (z,e). Since
S(z,e)M(e) = py + yw (z,e),

Bt = w0+ v § e, p(e)p()

Z

+ (1) I v, (2,20p(2)p(2) A lay (2,017
Z

Thus ¢ES(z',e')/S(z,e) < B ¥(z,e) requires that

ES(z',e')

X
Siz,ei
Z,e

(17) < B/d.

Since wy(z,e) > 0 ¥ z, e, and since wy(z,e) is bounded above ¥ z, e, this will
be satisfied for y sufficiently small relative to p and q sufficiently near
unity.

Assuming that (17) is satisfied, then, the incentive constraint (16)

may be written as



E{ Eg%%{é%ll]wl(z,e)} < e =m.

Therefore
ES(Z',B') = ' ' " (Z’E)
E{ -—S—(—Z—,—a—]wl(z.,E)} - ES(Z € )E{—S—m] LS TTl,
or
wl(z,e) LY
(18) E[S(z,e) < ES(z',e')

Noting that wy(z,e)/S(z,e) is the nominal wage in state (z,e), (18) states
that the expected nominal wage rate must not exceed wllES(z',e'). Since we

know that it is possible to choose the values wl(z,e) so that

w,(z,e)
1 2
T - s £ 2
ES(z',e'") E[_ETE:ET] LT (18) holds with equality in equilibrium. Hence any

equilibrium randomizing scheme for this economy satisfies (15) and (18), i.e.,
produces expected real wages equal to m; and expected nominal wages propor-
tional to the expected inverse price level. Thus, in particular, any equi-
librium randomizing scheme reproduces, in expected value, the real and nominal
wage rates associated with the outcome under nominal contracting.gj

As a final remark, we might note here that the use of nominal con-
tracts can reproduce a first best allocation of resources for this class of
economies even though all agents are risk neutral. Thus the efficacy of
nominal contracts does not generally require that type 1 workers be relatively

less risk averse than type 2 workers, as was the case in Sections II and III

above.

V. Conclusion
While the analysis here is quite different from other analyses of

nominal contracting, it retains the flavor of a number of earlier models. In



- 43 -

particular, the assumption of free entry into production implies that nominal
wages are set so as to make expected real wages equal to some target level
(marginal product) as in Fischer (1977a). Also, the nominal wages and the
hours of type 1 workers cannot be chosen arbitrarily given the (real) wage of
type 2 workers. This is similar in spirit to the model of Taylor (1980),
where comparisons among agents covered by different contracts are used in
specifying equilibrium wage rates. However, all nominal wages are set one
period in advance here, as in Gertler (1982). Finally, we have largely fol-
lowed the suggestion of Fischer (1977b) that informational asymmetries provide
a role for contractual rigidities.

It will also be noticed that in many respects our analysis, while
allowing the choice between real (indexed) and nominal contracts to be endo-
genous, supports conventional wisdom about nominal contracting. For instance,
nominal wages are completely "sticky" here, remaining constant independent of
variation in the money supply. Clearly, this feature of the model is also
consistent with the empirical observation that nominal wages vary less (about
trend) than the money supply does (Gertler [1982]). Finally, nominal con-
tracting is often argued to give rise to a Phillips curve which would not
exist in a pure spot-market economy. In the example of Section III, if there
are only spot markets (real contracts only), then L, is constant over time, so
no Phillips curve results. Once the possibility of nominal contracts is
admitted, it is suboptimal for the government to set q = 1, so now L;(e) will
typically vary and a Phillips curve results. Hence, the possibility of
nominal contracting does create a role for a nonconstant money supply (or
something other than a k percent growth rule), which then gives rise to a

Phillips curve. Notice, though, that relative to the case of a constant price
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level, nominal contracting (with the given values of p and q) raises hours and
output for some realizations of the money supply, and doces not reduce hours or
output for any such realization.

More generally, in contrast to conventional wisdom, for certain
classes of economies (such as those of Sections II and IV), nominal contract-
ing in conjunction with an appropriately variable money supply can reproduce a
first-best allocation of resources even in the presence of private informa-
tion. Hence, the model gives rise to a role for such contracts. This is true
even though nominal contracts do enhance the risk faced by all parties to the
contract (contrast with Azariadis-Cooper [1985] or Cooper [1982]). It is also
the case that the model can easily explain unindexed barter contracts, which
would seem anomalous according to most explanations of why nominal contracts
are used in practice.

Finally, it remains to say something about the empirical plausi-
bility of firms using the choice of nominal versus indexed wages as a sorting
mechanism. Here any remarks must remain conjectural, since the empirical
implications of the model in this respect are somewhat limited. In part-
icular, it is tempting to suggest, based on the analysis of Sections II and
ITI, that nominal contracts can function as a sorting mechanism because they
exploit the fact that type 1 workers are less risk averse than type 2 work-
ers. However, as Section IV indicates, nominal contracts may arise even when
all workers are risk neutral. Hence the sole empirical implication of the
analysis at the micro level is that type 1 workers, who are high average real
wage earners, are covered by nominal contracts while type 2 workers receive
indexed contracts. This implication turns out to accord well with exper-

ience. In fact, two relevant observations do suggest that workers who (on
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average) earn higher real wages also tend to receive less protection against
inflation then do workers who earn lower real wages. First, the one industry
where cost-of-living adjustments are virtually nonexistent is the construction
industry. This is also a relatively high wage industry. Second, Wilton
(1980), in an examination of pre-1976 Canadian contracts, shows that among
contracts with cost-of-living escalator clauses, high wage workers receive
less inflation protection than low wage workers. Hence, this aspect of the

model is at least not obviously contradicted by experience.
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Footnotes

1/see, e.g., Fischer (197Ta,b, 1984), Gertler (1981,1982), or Taylor
(1980).

ngn exception is the work of Azariadis and Cooper (1985) and Cooper
(1982). We will have more to say about this below.

§/See, €.ge, Simons (1948) or Mints (1950).

EjThat is, if agents do not anticipate even the possibility that
certain levels of the money supply can occur.

5/see Friedman and Schwartz (1963) or King and Plosser (1984).

éjIn particular, events which parties to the contract cannot influ-
ence.

EjThe discussion that follows assumes that there are no markets for
insuring against price level fluctuations. The presence of such markets would
create some difficult modelling problems. BSome examples of these problems are

as follows.

(i) Clearly type 1 agents would like to insure when young against old age
price level variation. Given the parameters of the example, it would not be
feasible for type 2 agents to purchase the optimal insurance policy purchased
by type 1 agents. Thus, if insurance purchases were publicly observable, the
purchase of price level insurance would perfectly signal type. Of course the
model could be altered to make such insurance purchases feasible for type 2
agents, say by giving them some endowment of the good in old age. However,
the presence of insurance would then complicate the self-selection conditions
to an extent that would be quite difficult to deal with. Hence considerations

of tractability preclude this approach.
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(ii) Alternatively, if insurance purchases were not observable by firms
type 2 agents could use insurance markets to partially "undo" the effects of
nominal contracts. Thus employers would want to make such insurance purchases
observable, perhaps by offering their own insurance to employees. This would,

of course, recreate the modelling problems discussed above.

In light of the fact that the presence of insurance markets creates
these additional complications, then, for the present we simply dispense with
them in the analysis.

§jThis, of course, requires that ¢ES(e)/S(e) < B % e. We state
sufficient conditions for this below.

Q/By this we mean that the expected nominal wage rate is equal to

the expected real wage divided by the expected inverse price level.
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