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Introduction

The seminal paper by Lucas [1972] provides an elegant model in
which monetary policy has real effects despite the existence of rational
expectations and market clearing., In that model, agents observe prices
which are noisy signals of current monetary shocks. Due to this imper-
fect information, agents respond to nominal shocks and a Phillips curve
emerges as an equilibrium phenomenon. This paper spawned an extensive
literature of both a theoretical (see, for example, Lucas [1973], Sargent-
Wallace [1975], Azariadis [1981]) and empirical {see, for example, Barro
[1977a], [1978] and Mishkin [1982]) nature, One of the more controversial
results from this line of research concerns the inability of the monetary
authorities to use feedback rules to systematically influence real economic
behavior.

Fiséher [1977], PhelpééTaylor [1977] and others have commented on the
importance of the market clearing assumption in obtaining these policy im-
plications., Fischer examines an economy in which labor contracts substitute
for spot markets as a means of trading labor services, The paper shows that
feedback rules can have real affects in tﬁe presence of long-term contracts,
These results are obtained, however, in a model of labor contracts which is
not explicitly derived from optimizing behavior of the agents in question.
This is in contrast to the rigorous attention to microeconomic foundations
in Lucas [1972], and Azariadis [1981]. Hence, the models of Fischer and
others, while certainly useful in a variety of applications, can be criticized
(as in Barro [1977b]) for not providing a micro-theoretic basis for contracts.
As a consequence, policy results from these models are subject to the well-

known "Lucas critique" (see Lucas [1976]).



The purpose of this paper is to investigate the role of monetary
policy in a general equilibrium model with labor contracts. In order to
do so, we extend the work of Azariadis [1975] and Baily [1974] on optimal
labor contracts to an environment with both real and nominal shocks. The
insight of these first papers on implicit contracts was that risk neutral
firms could operate as insurance companies for risk averse workers in an
economy with incomplete markets for the sharing of real risks. In a
partial equilibrium model with shocks to the firm's technology and a
constant general price level, an optimal contract establishes a rigid
wage. If the general price level is random as well, Azarjadis' model
predicts Teal wage rigidity. Hence, money would be neutral if we were
to imbed these contracts in a general equilibrium setting.

This result of real wage rigidity requires that both the nominal
and real shocks be costlessly observable to all parties. In a situation
such as that proposed by Lucas [1972], imperfect information can limit the
formation of contingent contracts, The resulting indexation to observable
variables (such as the price level) may lead to money non-neutralities.
If this indexation is costly, then setting a fixed nominal wage will not
necessarily be suboptimal,

Section I1I of this paper describes a simple overlapping generat-
ions model composed of risk neutral firms and risk averse workers who

live for two periods. As is well known, this model provides for the



holding of money as a store of value. Firm's technology as well as the
money supply are random. We first characterize the equilibrium when alj
trades take place in spot markets. In equilibrium, the consumption of
the workers is independent of nominal shocks but dependent on the shocks
to technology in both periods of life.

Section III investigates the risk sharing role of fixed nominal
wage contracts. Recent papers by Fischer [1977], Gertler [1982] and

Phelps-Taylor [1977] explore the consequences of nominal wage rigidity

but offer little explanation of their existence., This rigidity can shield
workers from the real shock in youth as in the earlier papers by Azariadis
and Baily. However, the consumption of workers depends on the monetary
shocks of youth; i.e., money is not neutral, Whether labor services are
traded with fixed nominal wage contracts or in spot markets will depend
on the relative variability of the real and nominal shocks.

Section IV considérs the indexation of wages to the price level,
We characterize the optimal degree of indexation and show that indexed
contracts will dominate fixed nominal wage contracts despite the imper-
fections in the information concerning the shocks. These results are
coutrasted with those of Gray [1976]. 1In order to explain nominal wage
rigidity it is therefore necessary to introduce a cost for contingent
contracts. Nonetheless, money will still be non-neutrszl as long as prices
do not fully reveal the nominal shocks.

Section V discusses monetary policy. As suggested by Lucas [1976],
the choice of market structure (spot, fixed nominal wage, contingent)
is strongly influenced by monetary policy. Alsc, we show that real allo-
cations are independent of the monetary authorities choice of a

multiplicative feedback rule. This extends the results of Sargent-Wallace




[1975] and Azariadis [1981] to the contracting setting, Finally, we show
that a non-stochastic monetary policy is optimal. These results are con-
trasted with those of "equilibrium business-cycle" models.

Section VI summarizes our results and discusses future research.
In particular, while this model helps in understanding nominal wage
rigidity, it does not produce a Phillips curve as the labor supply deci-

sion is inelastic. Generalizations in this area are necessary.

I1. Overview of the Model and Spot Market Equilibrium

This paper follows Azariadis-Cooper [1982] (hereafter A~C) by
extending the overlapping generations model (Samuelsen [1958], Cass-Yaari
[1966]) to include labor contracts. In A-C, we investigated an economy
with random shocks to endowments and showed that non-contingent claims
could assist in the allocation of real risks. In fact, when no produc-
tion distortions arose, these claims supported a first-best allocation
of risks. This paper extends their earlier model by including nominal
shocks and considering a production rather than an exchange economy.

The structure of the model is quite simple., Each generation con-
sists of N workers and F entrepreneurs. Agents live two periods and
each period a new generation is born. Time extends from zero to infinity
and there is a single consumption good and a sole store of value, money.
In any time period there will be 2(N+F) agents alive.

In youth, the N workers supply their unit of leisure time

inelastically in the labor market. These agents use the money balances

earned in youth to purchase consumption goods in old age. They do not
consume in youth. This captures the notion that agents do not generally
consume their own output, Workers have identical preferences represented

by wu(c) which is strictly increasing and strictly concave.



Entrepreneurs (equivalently, firms) alsoc live for two periods. 1In
youth, these agents employ workers to produce output. They possess a
stochastic technology £(&,%¥) where £ is the level of employment and
T 1is a random variable. The technology shock takes values in the interval
[s,s] where s >0 . We assume fE(E,s) >0 and fLE(E,s) < 0 for all
e . Higher values of s lead to more productivity so that fs(l,s) >0
and fzs(k,s) > 0 are appropriate. Entrepreneurs take the money balances
earned in youth and consume in old age. We assume that all firms are risk
neutral.

In addition to g s there i1s a nominal shock te the economy, X .

The aggregate money stock follows

v A
D, = m X, -

We assume that ; takes values in [§;§] where x > 0 . These injections
and withdrawals of money are in proportion to existing money holdings and
occur at the beginning of each period.l Both x and s are j.i.d. and
are independent of each other.

The informational assumptions of the model are very important.
Only firms observe the technology shock g and only old agents observe
; (since they are the only ones receiving the transfer). These infor-
wmational asymmetries serve to limit the formation of contingent markets.
Agents born in period t are assumed to know the money supply of the
previcus period, Dy_g -

Before proceeding, it is important to emphasize and explain some
of the assumptions of the model. Since there is only one commodity and
no savings or labor supply decisions, the model contains no real dynamics.

As stated above, the overlapping generations structure is then simply a



way to introduce money into the model in which it serves as a store of
value. Since labor supply is constant, the non-neutrality of money takes
the form of a redistribution effect across workers and firms. We have
also assumed that there are two classes of agents differing in their
preferences over risk and their initial endowments. While it might be
preferable to derive these differences endogenously, we have taken a
short-cut here by imposing these differences as a means of highlighting
the risk sharing characteristics of labor contracts, Finally, the assump-
tion of asymmetric information reparding aggregate shocks may seem a

bit severe. The point is, of course, simply to capture {in a tractable
manner) the view that agents are uncertain concerning the source and
permanency of the price movements they observe,

We begin our analysis by considering an equilibrium with spot
markets for both goods and labor services. This equilibrium is charac-
terized by two price functions: p(st, Xes mt-l) = pt(s,x) for goods
and w(st, xt’mt-l) s wt(s,x) for 1abor.2 With F firms and N = F
workers who supply a unit of labor time inelastically, labor market

equilibrium requires

pt(s.x)fz(wr.s») = w (s,x) . ¢h)

In the goods market, the total demand for goods is simply m, . The

total supply of goods in money terms is pt(s,x)Ff(Y, st) . Hence, equi-

librium requires

P, (s,x)£(v,s) = —F-'F— . (2)

These two market clearing equations completely characterize the equilibrium



since the supply and demand decisions in this economy are so trivial.
Defining ¢(s) = fn(y,s)/f(y,s) and g(s) = f(y,s) , the equilibrium

conditions are

$lsp)m 1%

wt(s,x) -— (3)
and
De1*e
Pt(S,x) ~ 2()F ° (4)

From (3) and (4), we can determine the consumption of a generation

t worker in a spot market equilibrium as

YeXe+1

) =
Pesy

cs(st, Sl = ¢(st)g(st+1) . (5)

In this equilibrium money is neutral and the consumption of workers (as
well as firms) is independent of the money transfer. This is, of course,

another example of the neutrality of proportional money transfers in an

economy with flexible prices. Consumption will generally depend on 5.
from variations in worker's share of money balances (¢(st)) and on

s due to g(st+1) . While both prices and wages depend on the

t+l
inherited money supply due to the permanency of the monetary shocks,
consumption is a stationary function of 5, and Seqy *

It should be noted that if the production function satisfies sto-
chastic constant returns to scale (e.g. the uncertainty is multiplicative)
then ¢(8) = fz(y)/f(y) is independent of s . As noted as well by
Diamond [1967] and Newbery-Stiglitz [1982], assumptions of multiplicative

uncertainty can have strong implications for constrained optimality.



In this model, if ¢(s) is independent of s , there will be no incen-
tive for workers and firms to sign a labor contract. Hence, we will
generally assume that ¢ depends on s and examine how the extent of
this dependence affects market structure,

In summary, a spot market equilibrium is characterized by a price
function for goods and a wage function for labor. Real allocations are
independent of the nominal shock but, in general, will depend on the pro-

ductivity shocks.

I1I. Fixed Nominal Wage Contracts

As in.the optimal labor ceontracts literature, the real risks in
consumption may be shifted from the workers to the rigk neutral entrepreneurs.
In our earlier paper, A-C, we focused on the shifting of the price risk
in old age. In this seétion, we focus on shifting the wage variability
due to the technology shock and discuss the shifting of price risk in
Section V.

As long as the productive function does not exhibit multiplicative
uncertainty, workers of generation t face randomness in consumption due
to 5, - Suppose that instead of selling labor services in spot markets,
the agents establish a contract market for labor which opens ex ante. In
this market, a contract wage, G; » 1is set and is independent of realiza-
tions of & and x ., These are one-period contracts which yield units
of money not promises to delivery consumption next period? Since workers
have zero utility if unemployed, the optimal contract would specify a

money payment, W, , and full-employment in all states of nature.
Equilibrium in the ex ante contract market implies that the expected

real wage bill under spot labor markets (wt) and the expected real wage



bill under rigid wages (w.) are equal.? That is

x W X
7 B e+l | _ ot Yeten | 6)
Peag Pr41

The expectations in (6) are taken in period t before (st, xt) are

known but with the knowledge of m Using (3) and (4) and letting

t-1°
k £ 1/E(1/x) and ¢ 2 E_¢(s) ,

w, = m . k¢/F. (7

So the equilibrium contract wage is a constant proportion of the inherited

money stock. We can continue to use (4) as the equilibrium price func-

tion for our new economy since the demand and supply for goods is inde-
pendent of the manner in which labor services are traded.

Using (7), the consumption of a worker in gemeration t in the

rigid nominal wage economy, cRW s is

x5 )= e kg(s, 124
t? Tt+l

H _ : ) &)
Pea1 £

In this expression, we see that consumption is now independent of the
technology shock in youth., This is the benefit of the rigid nominal
wage contract. However, the cost of this insurance is that consumption
depends on the nominal shock: money is not neutral.

Comparing (5) and (8) we see that spot and contract markets offer
different types of insurance. By classical neutrality results, spot
markets offer insurance against nominal risks but leave agents open to
real risks. Contracts which specify fixed nominal wages insure workers

against their firm's productivity shocks but leave workers open to nominal
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risks. When only real shocks exist (as in the papers by Azariadis and
Baily), it is obvious that contracts are desirable., Once we introduce
nominal shocks, the welfare ordering of the two setups will depend on the
relative importance of the real and nominal shocks,

We can denote the expected utility from spot markets and rigid
wage contracts by EU(c®) and EU(CRW) respectively where the consump-
tion functions are defined by (5) and (8)., The simplest way to compare
these expected utilities is to consider mean preserving spreads of the

l1/x . That is, define

nt

random variable =z

y=u, +i(z-u)

where v, = E(z) and A > 0 is a parameter we will vary. Expected

utility in the contract case is then

EU(c™) = EU(ykg(s,,)®) = EU((kg(st )0 G, (2 -uz))) . (9

It is easy to see that EU(ch)

is decreasing and concave in A .

As shown in Figure 1, for 2 close to O EU(ch) > EU(cS) egince
the insurance against real shocks obtained by tﬂe contract dominates
the loss of insurance against the nominal shock. As A increases, the
welfare ordering switches as the variability of the nominal shock in-

creases, Likewise, we could also consider mean-preserving spreads of

the real shock to produce a comparable argument.
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EU(cS)

EU(CRH)

FIGURE I
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IV. Contingent Contracts

While workers do not observe realizations of s or X indepen-
dently in either the spot market or contract market equilibria, the goods
market price revealed information on these shocks. Hence workers may
have an incentive to link wages to prices in the form of indexed contracts.
This issue has been explored by Gray [1976] in a macro-model with a
quadratic loss function over deviations of output from its "desired"
level.

Although contracts can be written contingent on the spot price,
we will not consider contracts contingent on (g,g) . From the results
of Azariadis [1983], Chari [1983], Cooper [1983], Green-Kahn [1983] and
Grossman-Hart [1981], we know that the asymmetry in the information on
& 1is not sufficient to rule out contracts contingent on its realization.
That is, the workers and the firm could agree on a contract to induce
the firm to reveal g . In our model, if the workers know Z they also
know ; since pt(s,x) is publicly observable. 1In order to induce
the firm to announce g truthfully, the contract can no longer specify
full employment in all states of nature. Hence, to obtain this informa-
tion, layoffs must occur. This interesting possibility is currently
under investigation,

For now, we concentrate on price-contingent contracts. In a general
equilibrium setting, Svensson [1981] discusses the existence of an equi-
librium with price-contingent contracts. However, as discussed in
Azariadis-Cooper [1981], an equilibrium may not exist, When agents trade
price-contingent claims, the equilibrium price function is distorted.

In some cases, the trading of these claims destroys all the information

conveyed by the price system.5
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In this model with workers and firms, we have seen that the equi-
librium price function is independent of the way in which labor services
are traded. Hence, the use of price-contingent claims will not distort
the information comveyed by the prices.

Denoting realizations of the spot price in period t by pj .
j=1, 2, .v., J, a price-contingent contract will specify a wage
schedule, wt(pj) , and an employment schedule. As before, the optimal
contract will be full-employment. Without loss of generality we can

write wt(pj) S:;t + qt(pj) . Here w_ is the equilibrium fixed nominal

t

wage from the previous section and qt(pj) is a price-contingent transfer.

As before, competition for workers guarantees that

q,.(p.)x
ElS—t T o, (10)
pt+1

Here the expectation is taken with respect to Pp» X

g4 204 P

t+l °
The optimal contract is determined by solving

(w_+q_(p.))x
max  EU t  t'hg t+1]
1, (py) L]

subject to (10). Letting X be the Lagrange multiplier on {(10), the solu-

tion satisfies, for all pj s

E

P. m AEl————

xt+1U, (v, +q, (Pj x4
J Pr+1

Priy pt+1

[xt«t-l

pj] (11)

In these expressions the expectations are taken over x and bp

t+1 t+]1

given an observation on the current price level., While realizations of

o
x are independent over time, current prices (as in Lucas [1972]) do reveal
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N,
information on current realizations of x which affect future prices.
Eq. (11) represents efficient risk-sharing given the information solution.
In special circumstances, the solution to (11) reduces to either

the spot or contract market solution.

Proposition 1. If g is degenerate, then the solution to (11) is the

spot market solution, If * 1is degenerate (11} yields the contract

marker solution.

Proof. If s is not random, then observing pj is equivalent to ob-

serving x . Using (2), (11) reduces to

r A
A (@, +q,(p.))E ~
& | £t *t'Fy Y
th ' th ] th ! (12)
\

Here g = g(8) when s =& with probability one. From (12}, we see
that.consumption is completely stabilized (i.e. independent of x_  or

X 41 ) and

m F -

— e-1%¢
wt(pj) -, + qt(pj) = [ E ]c (13)

where ¢ is the worker's level of consumption. This corresponds to
the spot market solution (3) when c = §¢(§) = fz(y,g) . So workers,
in equilibrium, get paid and consume their marginal product. This is a
case of complete indexation of the wage to the nominal shock.

At the other extreme, assume that there is no nominal shock.
Hence the current price reveals no information on the future price.
From (1) and (11) this implies that q(pj) =0 for all Py and hence
the solution is a constant nominal wage. This corresponds to the case

investigated by Azariadis and Baily. o
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In related research, Gray [1976] showed that if there is no real
shock, complete indexation will occur as in this model. However, when
there are only real shocks, Gray shows that partial indexation is generally
optimal while our results show that no indexation will arise. The dif-
ference disappears if we assume a perfectly inelastic labor supply
schedule in Gray's model.6

When both shocks are present, neither of these two extremes will
generally occur. The optimal degree of indexation will reflect, among
other things, the information conveyed by spot prices. If pj revezals
both s and x , then wages will be indexed to x and consumption will

be independent of the nominal shocks to the economy. This could occur,

MY Y
for example, if s and x were discrete,

Proposition 2. When spot prices reveal both s and x , wt(pj) is

preportional to . .

Proof. When p reveals s and x , then in equilibrium (11) becomes

- s(st_,_l)u‘[(Et+qt(pj))g(st+1) . g(stﬂ)} i
Serr| Mef l n F Se+1l Tef

Since X, is known, (14) implies that consumption is independent of

. =]

m,_ . Hence wt(pj) must be proportional to m,

t

In each of the cases examined thus far, money is neutral. Once
p(s,x) 1is not revealing, however, monetary shocks will affect agent's
consumption., If S and ¥ are continuous random variables, prices
will generally not be revealing., As in Lucas [1972] and the subsequent
literature, agents are therefore unable to determine g and ; indepen-

dently.
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Proposition 3. If p(s,x) is not revealing, then money is not neutral.

P%] . (15

we simply note that since

Proof. Using (2), we can rewrite (11) as

8(s,4y)

O (CRTRCR IO
e-1%¢

x F

E
e* e+ | Be-1%cF T

X

To see that consumption must depend on X, »
p(s,x) 1is not revealing, there must be more than one combination of
(s,x) yielding a given pj . From (15), ;£ + qt(pj) is determined

by Pj + In equilibrium, the consumption of a generation t worker with
price~contingent contracts, PE » is given by

pec

pe (§£-+qt(pj))g(st+1)

. (16)
By *e ¥
From (16), as x, varles for a given P, » P must vary as well.

Hence money can not be neutral. o

Firally, we need to characterize wt(pj) . How does w_ vary with

t

p; ? 1ls it ever the case that w_ is a constant as in the contract market
3

t
equilibrium? It is rather difficult to compute dw(p)/dp from (15) with-
out further simplifications of the model. In particular, we need to specify
how the conditional density of x varies with p .

Letting F(x|p) be the conditional distribution of x given p ,
we follow Lucas [1972] and assume that dF(x!p)/dp 20 . That is, increases
in p shift the cumulative distribution of x to the right. So observing

a high p increases the likelihood of a large nominal shock.

Hence, an increase in p will lead to a reduction in the right~-

hand side of (15). The effects of an increase of p on the left-hand
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side of (15) depends on the sign of V'(c) where V(c) = cU'(c) and
¢ is consumption. This term, as discussed in Lucas [1972], influences
the slope of the Phillips curve in a model with elastic labor supply.
One can show that V'(c) = U'(c)(1l -R(c)) where R(c) is the Arrow-

Pratt measure of relative risk aversion.

Proposition 4. If R(c) > 1 for all c¢ and dF(x|p)/dp < 0 , then

w(p) increases in p .

Proof. If dF(x|p)/dp < 0 , then the right-hand side of (15) falls
with p. If R > 1 then the left-hand side of (15) will increase with

p . To maintain (15) for all p , w(p) must increase with p . o

From this proposition it should be clear that the magnitude of
dw/dp will depend on R . The larger is R, the more w will vary
with p . When R=1 for all ¢ , it is easy to see that the left-side
of (15) is independent of p so that w(p) is set to keep the expected

real wage constant for all p .7

For R <1, it is conceivable that
as p varies the two sides of (15) may change by the same amounts so that
w(p) = w for all p . This will obviously not hold in general, Im
addition, dw/dp will depend on the information conveyed by p on
(s,%) 8

With respect to optimal market structure, since the equilibrium
price function does not depend on the choice of contract, the use of
price contingent contracts will always dominate (at least weakly) the
use of fixed nominal wage contracts in terms of expected utility. Except

for the special case in which w(p) = w satisfies (15), this will be

a strict domination. So, in an ex ante contracting equilibrium, firms
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will be forced, by competition, to offer workers price contingent agree-
ments rather than rigid wages. Hence, at least in this model, the only
means of explaining the use of rigid nominal wages is by assuming a cost
of contingent contracting., If these costs exist, then we would observe
the use of nominal wage contracts when the loss of the information con-
tained in p is not too costly: i.e. when the nominal shock is not
too variable. As the variability of the nominal shock increases, we
might see indexation arise as a means of incorporating into a contract

the more valuable information on ; contained in the spot price.

V. Monetary Policy

Using the characterizations of equilibrium for the different market
structures, we can now examine the role of monetary policy. In particular,
we can make explicit comparisons of expected utility under alternative
monetary policies to determine the optimal policy.

First we consider the spot market equilibrium. Since money is neutral
in this case, the choice of policy is obviously irrelevant. Only when the
choice of a monmetary rule affects the distribution of the money shock
and alters the market structure (see Proposition 1) will monetary policy
have real affects.

1f, however, labor services are traded through fixed nominal wage
contracts, the results are quite different. First, as noted in Section
I1I, real consumption will depend on the nominal shock. Given this non-
neutrality, we can address questions of a feedback rule and optimal monetary
policy.

One of the primary results of the model of Sargent-Wallace [1975]

was the neutrality of a known feedback rule. While that model considered
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the effects of money on employment rather than redistribution effects,

the difference is not important., Using a macro-model where output de-
pends on the difference between actual and expected prices, Sargent-Wallace
found that the distribution of real output was independent of any feed-
back rule which was public information. Azariadis [1981] used a simplified
version of Lucas' [1972] model to show that the results of Sargent-Wallace
did not necessarily hold in general. By altering the information comn-

veyed by market prices, non-stochastic monetary policy can affect the

information sets of agents and hence have real affects.

In any time period t , we denote by It—l the information con-

tained in the history of the economy through period t-1 . will

Teaa
include past realizations of s and ; . A monetary feedback rule de-
termines the current value of x as a known function of past imformation

and a stochastic term; i.e.,
x, = B(It—l’ ut)

where B8(+) is a time invariant functionm, It—l is the information set

and B is an i.i.d. random variable. We do not allow the monetary

authorities to have better information than the agents so that s € I, .
The Sargent-Wallace result would imply that real allocations are

independent of the B(+) which is chosen. Assume for the moment that

B(I 5, w,) = B(I _du, - 17

t-1

When the monetary policy follows this feedback rule, we find that real al-

locations are independent of g .

Proposition 5., 1If B(It-l’ ut) = ﬂ(It_l)ut , then real allocations are

independent of B .
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Proof. Using this feedback rule, (7) becomes

— ~

v, = m,_ B(I,_ )Ee(s) (14) (18)
E(1/w)

Using (8), consumption is

W _ g(st+1)E{¢(S)]

€ B E[1/u] ' .

This proposition then lends support to the Sargent-Wallace result.
From (18), we see that the deterministic part of B(+) is treated as if it
was a part of the inﬁerited money stock, m._q - Since allocations are
independent of the past money stock, Proposition 5 should not be too sur-
prising. As discussed in Azariadis [1981], a multiplicative feedback rule
such as (17) is really equivalent to a change in the uniﬁ of accounts.
Since their models are in log terms, the results of Sargent-Wallace, Fischer
[1977], Gertler [1982] and others are consistent with Proposition 5.

Once the feedback rule loses this multiplicative structure, the

neutrality results fail. This is shown in the following proposition.

Proposition 6, 1If 8(It_1, ut) does not satisfy (17), then real alloca-
tions will depend on the choice of feedback rule when labor services are

traded in the contract market.

Proof. Using a general feedback rule, consumption of generation t workers is

R Eé(st+1) g(st+1)Es¢(s)

T ExIx, 1 -
I Y ut)]s(lt-l' Pe)

\

c

As long as B(+,*) is mot multiplicative, consumption will depend on the

feedback rule chosen. o
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As in the multiplicative case, ;i reflects the forecastable portionp

of X, » However, once the feedback rule is not multiplicative, the choice
of a rule is not equivalent to a change in the unit of account and the
neutrality result will not generally hold. A similar result was obtained
in Azariadis [1981].

Before discussing optimal monetary policy, we consider the case
where labor contracts are price contingent. If prices are revealing, then
policy changes which do not alter this property will be neutral. If policies
do alter the information structure (as in the examples of Azariadis [1981)),
then these policies will not be neutral. When feedback rules are multi-
plicative, then from (15) even when prices are not revealing, real allo-
cations are independent of B . Once feedback rules lose this multiplicative
form, consumption, and the degree of indexation, will depend on the rule
chosen.

Finally, we can determine an optimal monetary policy for our economy.
Our intent so far has been to compare alternative markets for the trading
of labor services. Since only trivial allocative decisions are made in
this economy, we have compared the equilibria under these market struc-
tures with respect to their ability to share the real and nominal shocks.,
Our informational assumptions have restricted the set of available con-
tracts and allowed a role for monetary policy. In this incomplete market
setting, we can show that the choice of a monetary policy can affect the
risk sharing capability of the market structures. Intuitively, the appro-

priate choice of monetary policy can substitute for missing claims markets.

Proposition 7. A non-stochastic monetary policy can support a constrained

optimal allocation.9
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Proof. If monetary policy is non-stochastic then labor services will be
traded via fixed wage contracts (or, equivalently, there is no indexation

of the price~contingent contracts}. From (8), workers of genmeration t

have consumption of
¢ = E[¢(s) ] g(seyy) -

Since firms are indifferent with respect te the structure of the market

for labor services, and consumers bear no risk in youth, this must be a

constrained optimum. el

We use the term constrained optimum here since we have not allowed

the sharing of consumption risk arising in old age. Following Azariadis-
Cooper [1982], we could allow non~contingent claims for the sale of the
consumption good. In old age, workers would purchase these claims which
would be issued by old entrepreneurs at a price of E(1/p) . 1In this case,
0ld workers would shed all their risk due to Sea1 to the old risk neutral
agents., Hence, & non-stochastic monetary rule combined with the non-
contingent trade of both goods and labor would yield an optimal allocation
of risks. |

Proposition 7 lends strong support to the view that non-stochastic
monetary policies are desirable. In this model, it allows for a more effi-
cient sharing of real risks. It should be noted that in a version of the
Lucas model, Polemarchakis-Weiss [1977] and Azariadis [1981] show that
a non-stocthastic rule need not be optimal. This was attributed to the
lack of insurance markets and Proposition 7 supports this view.

A final point on the role of monetary rule is worth noting. If,

for some reason, the monetary authorities choose a stochastic monetary
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process, they are constrained by the agent's choice of market structure.
For example, when contingent contracts are costly and the monetary shock

is not too wvariable, agents may trade labor services through fixed nominal
wages. In such a situation, we know that monetary policy is not neutral.
If the monetary authorities try to take advantage of this non-neutrality,

a2 change in policy which increases the variability of the nominal shock
may induce agents to start trading in spot laber markets. This would make
monetary policy completely neutral. The point, as first suggested by Lucas
[1976], is that the structure of the economy depends on monetary policy

and this dependence should be incorporated into any policy formulation.

Vi. Conclusion

The purpose of this paper was to investigate the role of alternative
contractual settings in the allocation of real and nominal risks, Using
a model with trivial production and consumption decisions we were able to
compare the expected utility for agents of spot market trades, fixed nominal
wage contracts and indexed contracts. Unlike the earlier results of Azariadis
[1975] and Baily [1974], no clear welfare ordering between spot markets
and fixed nominal wage contracts arose., Costless indexation to a price
function was shown to be the dominant market structure. Once indexation
was costly, fixed nominal wage contracts could emerge as an optimal market
structure,

Using this model, we also discussed optimal monetary policy. Only
multiplicative feedback rules were shown to be neutral. A totally non-
stochastic monetary policy can substitute for missing claims markets and
support, along with non-contingent claims markets for labor and goods, an

optimal allocation of risks.
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The major extension of this research will be to introduce a mon-
trivial labor supply choice. By doing so, we hope to generate a Phillips
curve in the market structures for which money is not neutral. The other
point of introducing this additional decision concerns the domination of
price-contingent wage contracts. Once labor supply is elastic, output and
hence the equilibrium price function will not necessarily be invariant to
the choice of contract. Hence, when we enlarge the workers' choice set by
allowing indexation we may also distort the price function in a way which
reduces lifetime expected utility. Discussions of this possibility are
motivated by the work of Hart [1975} and Green [1981], This would provide
an alternative to the transactions costs argument for the existence of

fixed nominal wage contracts.
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FOOTNOTES

lThis means of injecting money is quite popular (see, for example, Lucas

[1972])). If monev transfers are not proportional then monetary policy
creates direct wealth effects and will not be neutral. 1In this paper,

we investigate the non-neutrality of proportional transfers as a means

of distinguishing these channels of monetary policy. This also facilitates
a comparison of the results in this paper with those in Lucas [1972] and
the subsequent literature.

I am grateful to Bennett McCallum for pointing out some confusing ele-
ments in the notation used in a previous version of the paper.

3This prohibition against contracts denominated in consumption goods
is motivated by the observation that workers and firm shareholders
are both spatially and temporally separated so that trades between
these groups are undertaken with money.

4To see this, note that firms are indifferemt between hiring in the spot
market and in a contract market if (6) holds since the employment level
is constant across states, Hence if each firm wants vy workers in the
spot solution, it will demand the same number of workers when (6) holds.
We alsc need to assume that bankruptcy will not be a problem. That is,
in each state of nature the firm must have adequate money balances to
pay G? to each of its workers. We assume that Nwt.i mt_lg'. Using

(6) and (7) this requires vyk¢ < x so that we can always set x , ¥
and the production function to ensure this condition holds. See the
recent paper by Farmer [1983]) for a discussion of the bankruptcy problem.

5This possibility of non-existence is similar to that discussed in Kreps
[1977].

61 am grateful to Gary Fethke for discussions on this point,

7Bill Lang deserves credit for this observation.

8As another special case, quadratic preferences combined with normally

distributed random variables will yield an indexation rule which depends
on the relative variances of the real and nominal shocks. In general,
as observations of p convey more information about x , we would ex-
pect the degree of indexation to increase.

9Here we used the maximization of expected lifetime utility for a repre-

sentative risk averse agent subject to an expected utility constraint

on the firm's as the planners problem. Since our interest is in the
sharing of risks in youth, this is the appropriate problem. See Peled
[1982] for a discussion of the choice of objective problem for a plammer.
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