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ABSTRACT
A.long stahding issue'in macroeconomics"is'that of the relation of imperfect
competition to fluctuations in output. In this paper we examine the relation between
monopolistic competition and the role of aggregate demand in the determination»éf
output. We first show that monopolistically competitive ecnnomies exhibit an
aggregate dem;nd externality. We then show that, because of this externality, small

menu costs, that is sméll/éosts of chaﬁging pricés'méy lead to large effects of

aggregate demand on output and on welfare.




A long standing tfsue in macroeconomics is that of the relation of imperfect
competition to fluctuations in output. In this paper we examine the relation between
monopolistic competition and the role of aggregate demand in the determination of
output. We first show-that monopolistically cohpetitive economies exhibit an
aggregate demand extefnality. We then show that, beéause of this externality, gmall
menu costs, that is small cost of changing prices may lead to large effects of
aggregate demaﬁd on output and on welftare,

Tﬂe paper_is organized as follows. Section I builds a simple genera{ equilibrium
model,jwith monopolisiic competition in baoth labor and goods markets, and with
nominal money ; it thén characterizes tﬁe equilibrium, Section Il characterizes the

—-ineff;ciency associétgd with monopolistic competition and shows the inefficiency to
bg due to an aggregaté demand externality. Bection 111 studies the effects of changes
in nominal mcney,'whe; moﬁey is the numeraire, and when there are small, second
order, costs gf changing prices. It shows that changes in“nominal money may have

first order effects on output and welfare, and shows the close relation between this

result and the results obtained in Section II.

Section I. A model of monopolistic competition

We want to construct a model in which each price setter is large in its own
market but small with respect to the economy. The most convenient assumption is that

of monopolistic compeﬁition. The simplest model of monopolistic competition, for our




purposes, would be one of households using labor to produce differentiated goods.
However, because we want to focus later on both wage and price decisions, and want
the model to be easily comparable to the st;ndard macroeconomic model, 5e construct a
mode; with both households and firm;, and with separate iabor and goodsémarkets. Bath
labor and goods markets are mdhnpolistic;ily coﬁpetitive. Each firm sells a-product

- which is an imperfect substitute for other products ; each household sells a type of
}gbor which is an imperfect substiﬁute tor other types. The assumption of
monopolistic competition in both sets of markets is made for symmetry ;hd
transparence rather than for realism. Although we choose to interpret sgppliers of
labo; ;s>indi;idual households, aﬁ alternative iaierpretation is to think of them as
unions or syndicates (as in Hart (1982)5.

The second choice'follnws froﬁ the Beed to avoid Say’'s law, or the result that
the supply of gooas prﬁduced By the monopolisticaily caépetitive ¥irmsfautomatically
generates its own demand. To avoid this, we must allow agents to have the choicé |
between consumption ofithese.goodé and something else. In the standard -macroeconomic
model, the choice is between consumption and savings. In other models of monopolistic
competition, the choice is between produced goodé and a non produced géod (Hart, 1982
for example), or between produced goods and leisure (Startz 1983). Here, we shall
assume that the choice is between buying goods and holding money. This is most simply

and most crudely achieved by having real money balances in the utility function of

agents., Thus, money plays the role of the non produced good and provides servicegt!®,

: A Clower constraint would lead to similar results. Developing an
explicitly intertemporal model just to justify why money is positively valued
does not seem worth the additional complexity here.

= There are however differences between maney and a non produced good,
which arise from the fact that real, not nominal money balances enter utility

; we shall point out differences as we go along.




Money is also the numeraire, so that firms and workers quote prices and wages in
terms of money } this will play essentially no role in this and the next section, but
will become important in Section 111

The third choice is to make assumptions about utility and technology which le;d
to demand_an& pricing relations which are as clése to traditional ones as poséible,
so as to Qllow an easy comparison with standard macroeconomic models. This however
sometimes requires strong restrictions on utilityfand technology, which we shall

indicate as we go along.

The nodels
The economy is compoéed of m firms, each producing a specific good which is an
imperfect substitute for the ﬁther.goods, and n consumer- workers, ﬁouéeholds for
short, eaﬁh of thenm owhiﬁg a type of labor which is an imperfect ;ubstitute for the -
other types. As a result, each firm has some monopoly power when it sets its pri;e,
aﬁd each‘worker has some monopoly power when he sets his wage*®. We nowidescribe the

problem faced by each firm and each household.
Firms are indexed by i, i = 1,...,m. Each firm i has the following technology :

n
(1) Yo = (T Ny @ ) o-1 «

- - - - - - - - - - - ——

The model can be viewed as an extension of the Dixit-Stiglitz (1977}

model of monopolistic competition to macroeconomics.

Since in equilibrium each labor supplier sells some of his labor to all

firms, it is again more appropriate to think of labor suppliers as craft
unions rather than individual workers., However since we want to analyze labor
supply and consumption decisions simultaneously, we shall continue to refer to
labor suppliers as "consumer-workers" or "househalds". :




Y: denotes the output of firm i. Ny, denotes the quantity of labor of type j
used in the production of output i. There are n different types of labor, indexed j,
j = l,...,h. The productioﬁ function is a CES production function, with all inﬁuts
enteriné symmetrically®. ‘ _ |

The two paramefers characterising the technology are « and g. The parameter o is
equal to the elasticity of substitution of inputs in praddction } it‘will also be the
éiasticity of demand for each type of labor with rgspect to the relative wage. The
parameter « is equal to the inverse of the degree of returns to scale } o-1 will be
the elasticity of margina} cost with respect to output -elasticity of marginal cost
for short in what §6llnw5f. To guarantee'fhe_existenée of dn equilibfium, Qe limit
ourselves to the case where ¢ is strictly greater than unity and where o is equal to

or greater than unity.

Each period, the firm maximises profits. Nominal profits for firm i are given by

n
{2) Vi = PiYy - L Wy Ny

P: denotes the nominal outﬁut price of firm i, W, denotes the nominal wage
associated with labor type j. The firm maximises (2) subject to the production
function (1). It takes as given nominal wages and the prices of the other outputs. It
also faces a downward sloping demand schedule for its product, which will be derived
below as a result of utifﬁty maximisation by households. We assﬁme that the number of
firms is large enough thaﬁ taking other prices as given is equivalent to taking the

price level as given.

s We take the number of firms as given, The issue of whether there are
fixed costs of production can therefore be left aside.




Households are indexed by j, j ={,...,n. Household j supplies labor of type j.

1t derives utility fronm leiéure, consumption and real money balances. Its utilfty

function is given by 1

) Y 1= B
{3) Us = (Cs) (Ms°'/P) - Ny -
, ] mo 8-t _6_
- where C_g = ( z Ci_j e ) o-1 -
’ i=1" . )
m 1-6 i
and P = (1 [P ) 1-6
o ' - mi=1

The first ferm, Cs, is a consumption ;ndex -basket- which gives the effect of
the éonsumption of goods on utility. C.:; denotes the consumption of good i by .
household j; C, is ; CES f;nction of the Ciy's. All types of consumption goods enter
utility symmetrically. The parameter 6 is‘the elasticity of substitution between
consumption goods in utility § it will als% be the elasticity of demand for each type
5* good with respect to its relative pricei To guarantee existence of an equil}brium,
0 is restricted to be greater than unity.

The éetond term gives the effect of ri2al money balances on utility, Y is a
parameter between zero and one. Nominal moBey balances are deflated by the nominal
price index associated with C,. We shall r;ier to P as the price level.

The third term in utility gives the disutility from work. N, is the amount of

labor supplied by household j. p-1 is the élasticity of marginal disutility of labor

i P is assumed to be equal to or greater than unitye®”.

é The assumption that utility is homogeneous;of degree one in consumption
and real money balances, as well as additively éeparable in consumption and
real money balances on the one hand and leisure.on the other is made to
eliminate income effects on labor supply. Under :these assumptions, competitive
labor supply would just be a function of the redl wage, using the price index
defined in the text. It also implies that utilify is linear in income ; this

facilitates welfare evaluations. \. .




Households maximise utility subject to a budget constraint. Each household takes
prices and other wages as given. Again we assume that n is large enough that taking
other wéges as given is equivalent to taking the nominal wage level as given., It also

faces a downward demand schedule for its type of labor, which will be derived as the

result of prbfit maximisation by firms. The budgef constraint is given by 1

- m ) n
(4) L Py Ciy + My = Wy Ny + My + L Vyy-
' i=] B in] -

M; denotes the initial endowment of money. V.; is the share of profits of firm i

going to household Jo T -

The equilibrium

The derivation of the equilibrium is given in the appendix. The equilibrium can’
be characterised by a relation between real money balances and aggregate demand, a

pair of demand functions for goods and labor and by a pair of price and wage rules :

The relation between real money balances and real aggregate consumption

expenditures, which we shall call aggregate demand for short, is given by ! .

(5) Y = K (M/P) where
n m m 1-6 _1
(&) Y= (L L Py Cuiy )/P and P = ((i/m) T Py ) 1-96
j=1 i=1{ i=]

The demand functions for goods and labor are given by t

Both a and B are not equal to unity.




-6
(7) Ci = K: (H/P) (Pi/P) i=1,---,m
A - -0
(8) Ny = Kn (M/P) (W /W) - Jrlyaaaym -

where the wage index W is given by 1
n i-c _1
- (9) W= (1l LWy, ) l-o o
n j=1 ) B

The pricé and wage'rules are given by :

a1 (1/(1+6(x-1)))
(10) (P./P) =0(6/(8-1))Kps (W/P) (M/P) ] i=l,c00ym

_ ~ «lp-1) (17 (146 (p-1)))
(11)  (Wy/W) =[(g/(g=1))Ku (P/H) (M/P) ) 3= yeeeyn

The letters K, Kcy Kny, Koy K. are constants which depend on the parameters of the

technology and the utility function as well as the number of firms and households.

We interpret these equations, starting with the relation between real money
balances and aggregate demand. First order conditions for households imply a linear
relation between desired real money balances and consumption expenditures.
Aggregating err households and using the fact that, in equilibrium, desired money
equal actual money gives equation (5),

The demand for each type of good relative to aggregate demand is a function of
the ratio of its nominal price to the nominal price index, the price level, with
elastiéity (-8). The demand for labor by firms is a derived demand for labor ; it
depends on the demand for goods and thus on real money balances. The demand for each
type of labor is a function of the ratio of its nominal wage to the nominal wage

index, with elasticity (-o).




‘We now consider the price rule. Biven the price level, each firm is a monopolist
with noﬂ increasing retirns to scale and de;ides about its‘}eal -or relative- price
Pi/P. An increase in th; real wage (W/P) shifts the margin;l cost curve upward,
leading to an increase:in £he relative price., An increase in real money ﬁalances
shifts the demand curve for each product upward j; if -the firm operates under.gtfictly
decreaéing returns, the marginal cost curve is upward sloping and_the relative price
increases. If the firmiaperates under constant returns, the shift in iggregate'demand
has no effect on its relative price.

Ne;finally»considgr the wage rule. We can thinkvo§ hogsehald; as solVing their
utility‘maximisatinn péoblem in two steps, They first solve for the allocation of
~-their weélth, including lébor income, between consumption 6% the aifferent products
and rea1 mnney Balance;. After this step, the assumption that utility is linearly
homogenous in consqmptjon and real money balances implies that utility is linear in
wealth, thus linear in labor income. The next step’is to s;lve for the level of labor
supply and the naminaliwage. Given that utility is linear in labo} income, we can
-think of households as.monopolists maximising the surplus from suéplying labor.
Formally, if p denotes;the constant marginal utility of real wealth, households solve
in the second step 1 |
P o -0
max p(Ws/P) Ny = Ny 3 Nsy = Ka{M/P) {(Ws/W)
The real wage relevant for worker j is Wy/P, which we can write as the product
(W,/N)(W/P). The demané for labor of type j is a function of the relative wage (W,/W)

as well as real money balances (M/P)




An increase in the aggregate real wage (W/P) leads household j to increase its
iabor supply, thus to decrease its relative wage (W;/W). An increase in real money
balances leads, if p is strictly greater ‘than unfty, to an increase in the reiative
wage., If p is equal to unity, if the maréinal disutility of lanr is constant;

workers supply more labor at the same relative wage, in response to an increase in

aggregate demand.

Symmetric equilibrium

Equilibrium and symmétry, bofh across firms and across households, implies that

P

all relative prices and all relative wages must be equal to unity. Thus, using P,

for all i and W; = W for allvj, and substituting in equations (10) and (11) gives

a-1
(12) (P/W) = (6/(6-1)) Ko (M/P)
_ . - alp-1)
(13 (W/P) = (g/(g-1)) Ku (M/P)

Equation (12), which isvabtained from thg-indivi&ual price rules and th;
requirement that all prices be the same gives the price wage ratio (P/W) as a
function of real money balances. If firms operate under strictly decreasing returns,
the price wage ratio is an increasing function of the level of output, thus of real
money balances. Equivalently, the real wage (W/P) consistent with firms’ behévior is
a decreasing function of real money balances. We shall refer to equation (12) as the
‘aggregate price rule",

Equation (13), which is obtained from the individual wage rules and the

requirement that all wages be the same gives the real wage (W/P) as a function of




FIGURE 1. THE MONOPOLISTICALLY COMPETITIVE EQUILIBRIUM.

tog wyp)

- WAge rule

s'&’/'**1- = («-1).
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10

real money balances, If p is strictly greater than unity, that is if workers have
increasing marginal disutility of work, an increase in real money balances, which

leads to an increase in the derived demand for labor, reqﬁires an increase in the

real wage., The real wage consistent with households’' behavior is an increasing
function of real money balances., Wé shall refer to equation (13) as the “agéregate

wage rule", - -

- Equilibrium values of (W/P) and (M/P) are obtained from equations (12) and (13).
The equilibrium value of output fo}lows“from (S)., The equilibrium is characterised
graphically in Figure 1. As (12) and (13) are log linear, we measure log(W/P) on the
veréical axis and log(M/P) (or logY as the two are linearly related) on the
hofizonfal axis. If « and B are both st;ictly greater than unity, the aggregate wage
rule is upwaﬁd sloping whiie the aggregate priée rule is downward slopingl The
equilibrium determines the real wage and real money balances. Biven nominal money, it
determines the price level. Givén real money balances, we obtain fhe'eqdilibrium
lével of aggregate demand and output.

Figure 1 looks very much like the charactérization of equilibrium under perfect
coméetition, with an upward labor supply curve and a downward sloping labor demand.
What is therefore the effect of monopolistic competition ? This is the issue to which

we now turn.




i1

Section 2. Inefficiency and externglities

Comparing monopolistic competition and perfect cohpetition

To characterize the ineificiency associated with monopolistic competition, we
tirst compare theiequilLbrium to the éompetitive equilibrium. The competitive
equilibrium i; derived under the same assumptions abogt tastes, technology and the
number of firms and hoqsehnldg, but assuming that each firm (each household) takes
iﬁg péice fwage) as given when Jecidin§ about its output {labor).

The competitive equilibrium is véry similar to ihe monopolistically cbmpetitive
. oge.-fhe demand functi;ns for goods anﬁ labor are sti?l ineﬁ by equations (7) and
'(8). The prife and wage rules are ident#cal to equatiéns (10) and (11), excépt for
the absence of e/(e-i> in‘the‘pricé rules and the absence of c}(u-l) in the wage -
rulest(the constant terms Key Kny Koy Ku and K are the same in both equilibria)l. ]Tﬁe
derivation is left to the reader). The explanation is simple. The term 6/(8-1) is the
excesg of price over marginal éost, reflecting the degree of monopoly power of firms
in the goods market ; if firms act competitively, price is instead equal to marginal
cost. The same explanation appiies to households.

Again, symmetry requires in equilibrium all nomiqal prices and all nominal wages
to be the same j} this gives equations identical to (i12) and (13), but without the
terms 8/(6-1) in the aggregate price rule and ¢/(c-1) in the aggregate wage rule. The
pricevwage ratio consistent witthirms'ibehavior is lower in the competitive case by
6/(6~1) at any level of real money balances (output);%the real wage consistent with

household’'s behavior is lower in the competitive casegby o/{c-1) at any level of real

4




FIGURE 2. MONOPOLISTICALLY COMPETITIVE AND COMPETITIVE EQUILIBRIA.
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money balances. The monopolistically competitive and énmpetitive aggregate wage and
price rules are drawn in Figure 2. Point A' gives the competitive equilibrium, point

A gives the monopolistically competitive equilibriunm.

The equilibrium level of real money balances is lower in the monopolistic
equilibrium s the price levei is higher. Emplo;menk and output are lower. What
happens to the real wage is ambiguous and depedds on the degrees of.monopoly power in
the goods and the labor markets. If, for example, there is monopolistic ﬁompetition
in the goods market but perfect competition in the labor market, then'the real wage_
is unambiguously lower under monupolistic competition.

nenéting by R the ratio of output in the monopolistically ﬁmpetitive
equilibrium to output in the competitive equilibrium, R is given by 1

1
R= (o-1 8-1)7ap"T <1

o 6
R is an increasing function of o and 6. The higher the elasticity of
substitution between goods or between types of labor, the closer is the economy to
the competitive equilibrium. R is an increasing function of o and p. If « and p are
both close to unity, R is small : the existence of monopoly power in either the goods

or the labor markets can have a large effect on equilibrium output.

Aggregate demand externalities

Under mon;pulistic competition, output of monopolistically préduced goods is too
low., We have shown above that this follows from the existence of m&nopoly power in
price and wage setting. An alternative way of thinking about it is that it follows

from an aggregate demand externality.
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The argument is as follows t in the monopolistically competitive equilibrium,
each price (wage) setter has, given other prices, no incentive to decrease its own
p;ice (wage) aﬁd increase its’output (labor). Supﬂose however»thai all price setters
decrease their prices simultaéeously { this increases real money Ealances and
aggregate demand. The increasé in.output reducés the initial distor{ion of |
undefp?oduction and underemployment and increases social welfare®,

- We now make the argument more precise. By the definition of a monopplistically

competitive equilibrium, no firm has an incentive to decrease its price, and no

worker has an incentive to decrease its wage, given other prices and wages. Consider

" now a proportional decrease in all wages and all prices, (dPi/P.{ =(dWJ)wJ) <0, §§r
call i and j, which leaves ali relative prices unchanged but decreases the price
level - |
Consider first thé chanée in the real value of firms®. At a given level of
butput and employment, the real value of each firm is unchanged. The decrease in the
price level however increases real money balances and agéregate éemand. This in turn
shifts outward the demand curve faced by each firm and increases profit : an increase

" in demand at a given relative price increases profit as price exceeds marginal cost.

Thus, the real value of each;firm increases.,

8 An alternative way of stating the argument is as follows : If starting
from the monopolistically competitive equilibrium, a firm decreased its price,
this would lead to a small decrease in the price level and thus to a small
increase in aggregate demand. While the other firms and households would
benefit from this increase in aggregate demand, the original firm cannot
capture these benefits and thus has no incentive to decrease its price., We
have chosen to present the argument in the text to facilitate comparison with
the argument of Section III.

i What happens to the real value of firms is obviously of no direct
relevance for welfare. This step is however required to characterize what
happens to the utility of households below.
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Consider then the effect of a proportional reduction of prices and wages on the
utility of each household. Consider household j. We have seen that, once the

household has chosen the allocation of his wealth between real moﬁey balances and

consumption, we can write its utility as:

P
Uy = plls/P) - Ny

where pﬂi; }he constant marginal utility of real wealth and I, is the total wealth of

the jt" household. Using the budget constraint, we can express utility as :

p n N
UJ = [p (WJ/P)N; - N_g ]l + B : V1J/P + ¥ (MJ/P)
i={

Utility is the sum of-three terms. The second is profit income -in ternms o{
utility- 3y we have seen that each firm's profit éoeq up after an increase in
aggregate demand. Thus, this term increases. The first térm is the household's
surplus from sﬁpplying labor. At a gi¢en level nf“employment, Ny, the préportioﬁhl
change in wages and prices leaves this term unchanged. But the increase in aggrepate
demand and the implied derived increase in employm;nt implies that this ternm
increases t at a givén real wage; an outward shift in the demand for labor incre}ses
utility as tﬁé”real wage initially exceeds the marginal utility of leisure. The ;hird
term is the real value of the money stock, which increases with the fall in the irice

level. Thus, utility unambiguously increases?®,

10 Note that, if we were performing the same experiment in the neighborood
not of the monopolistically competitive but of the competitive equilibrium,
the first two terms would be equal to zero. The third one would however still
be present. This is one of the implications of our use of real money as the
non produced good. If real money enters utility, then the competitive
equilibrium is not a Pareto optimum, as a small decrease in the price level
increases welfare. This inefficiency of the competitive equilibrium disappears
if money is replaced by a non produced good, while the aggregate deamand
externality vnder monopolistic competition remains valid (see Kiyotaki 1984).
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The notion of an aggregate demand externality is an old idea in macroeconomics.
It has Been formaiised in various recent pepers; although these papers have on the
surface relatively lit;le in common, they share the following proeerties 1 an
inceease in one aqent'e aetivity increases the activity level and welfare of others j
a general increase in ectivity, i% it can be engineered, .by taxation or other means,
may be welfare improving''. Diamond (1982) builds a macroeconp@ic model where trade-
takes place through search and shows that inc}eased search by one trader has
externalities as it increases the probability for otherAtraders to find a profitable
trade. Stertz (1954) Edilds a meceoecoeomic model ie which firms eae-not eirectlir
observe effort by individual workers. This leads to a payment scheme which has the
implication that the optimal amount effort.for each worker depends on the levelef
effort put in by otherrworkers. In bofh cases, a small increase in activity 15
welfare improving.

Identifyiﬁg the inefficiency associated with monopolistic competition as an
aggregate demand externality does not however imply that movements in aggregate
demand affecf output. Consider for example changes in nominal money!®. As equations
(12)‘and {13) are homogeneous of degree zero in P, W and M, nominal money is

obviously neutral, affecting all nominal prices and wages proportionately and leaving

output and employment unchanged®>, Thus something else is needed to obtain real

11 A similar point is made by Cooper and John [19851.

12 Rs we have not specified how money is introduced in this economy, it is
best to think of them as helicopter drops.
i3 Here, and in the next section, instead of focusing on the effects of

aggregate demand on output in general, we focus for convenience on the more
narrow question of whether changes in nominal money have real effects, The
results here and in the next section would apply equally to non monetary pure
aggregate demand shifts, i.e, shifts which leave labor supply unchanged at a
given real wage, where the real wage is defined as the wage in terms of the
consumption basket. If we modify the utility function to be .
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effects of nominal money. We examine the effects of costs of price setting in the

next section.

v -y p )
Uy = (CJ )(‘MJ/P)+9) - Ny - |1 ]

Then shifts in & will shift the demand for goods given real money balances,
while leaving labor supply unchanged at a given real wage and are therefore
pure aggregate demand shocks. By contrast, shifts in ¥ are not pure aggregate
deamnd shocks,
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Section 3. Menu costs and real effects of nominal money

WeAnow iétroducé small costs of setfing prices, sm;ll.“menu“ costs. There are
obviously costs to changing prices, which range from the cost of changing tags and -
printing new tatalﬁgs to_gathering the information needed to choose the new prices,
informing new éusfomers of these prices and so on.uThetquestion however is whether
thesg’costs, which_cannqt be very large, can have importaﬁt macroeconomic effects.
This séctioh shows that they may: Emall menu costs may-imply large movemenfs in
activity in response to Qemand, and may'héve large wel%are effects?*,

| The first p;rt of;the section forﬁalizes the arg?méﬁt for small changes in
Aominai money, and shows the cloge relat?on bethen th; aggregate demand externality
argument of the previou§ section and the argument presfnted in this section. The

second part considers larger changes in nominal money, . and focuses on the effects of

structural parameters on the ratio of output and welfare effects to menu costs.

We are not the first to make this point. Mankiw (1985) has pointed out

that, under imperfect competition, private ‘and social costs.of price setting could differ
substantially, leaving open the possibility of large welfaré effects of demand changes.
Akerlof and Yellen (1985a, 1985b) have emphasized the potential welfare effects of near
rationality under imperfect competition., Decision makers are said to be "near rational" if
they react to changes in the environment only if not reacting would entail a first order
loss. As Akerlof and Yellen point out however, near rationality can be described as full
rationality subject to second order costs of taking decisions, so that their analysis is
directly relevant to this section. Our contribution is to point out the relation to the
aggregate demand externality emphasized in the last section, and because our model is more
explicitly based on utility and profit maximisation, to give a more detailed welfare

analysis. _ . W
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The eftects of small changes in nominal money

We start by considering the effects of a small change in nominil money, dM,
starting from the equilibrium describeq in the first section. The arpument proceeds
“as follows 1 -

At the initial nominal prices and wages, the change in nominal money leads to a
change in aggregate demand, thus to a change iﬁ the demand facing each firm. If
demahd is satisfied, the chaﬂge-in_output implies in turn a change'in the derived
demand for labor, thus a changg,ihithe demand facing each worker. Uﬁless firms
operate under constant returns, each firm wants to change its relative price. Unless
workers_havg cpnstant marginal utility of leisure, each worker wants to change his
relative wage., We show however that the 1655 in value to a firm which does ndt adjust
its relative pricé is of second order ; the same is true of the utility of a worker
who does not adjust his-relative wage. Thus second order menu costs may prevent gkrms
and workers from adjusting prices and wages. The implicatibn is that nominal prices =
and nominal wages do not adjust to the change in nominal money. The second partvof
the argument is to show that the Ehande in real money bélanceé has firstrorder
effects on welfare § we show that the effect on welfare.is indeed first order, and of
the same sign as the change in muney; The argument has very much the samé'structure
as the aggregate demand externality argument of the previous section ; this
coincidence is not accidental and we return to it below.

The first part is a direct application of the ehvelupe theorem. Consider firms
first., Let V. Be the value of firm i, V, is a function of P, as well as of P, W and M
v Vo= V‘(P‘,P;W,M). Let Vi* be the maximised value of firm i, aftef maximisation

over P. ¢t Vy* = V,*(P,W,M). The envelope theorem then says that :
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dVi*/dM = 8V /8M + (8V./8Ps) (dP./dM) = 8V,/8M

To a first order, the effect of a change in.M on the value of the firm is the

same whether or not it adjusts its price optimally in response to the change in M.

Exactly the same argument applies to the utility of the household. Thus, second order

menu costs (but larger than the second order loss in utility or in value) will

prevent each firm from chanding its price given other prices and wages and each

worker from changing its wage given other prices and wages. The implicétion is that.

all nominal prices and wages remain unchanged and that the increase in nominal money

implies a proportional increase in real money balances.

What remains to be shoﬁn is that the change in real money balances has positive

" first order effects on welfare. However, as we have already shown in the previous

section, the increase in real money balances, associated with the increase in

'aggregatg demand and employment, raises firms'profits and the hpuseholds' surpluses

from supplying labor. Thus,fit increases welfare in the neighborood of the

monopolistically competitivé equilibrium.

The relation between aggregate demand externalities and the argument of this

section is illustrated using the diagram in Figure 3*%,
Figure 3 plots the price rule (10) giving the price chosen by firm i as a
function of the price levelé The logarithm of the price level is on the vertical

while the logarithm of the ﬁrice of the it" firm is on the horizontal one j both

- - — - - - - - - - -

1s The reason why the argument below is only an illustration is that it only looks

firms, taking the real wage as given j it is thus only a partial equilibrium argument.

argument would be a general equilibrium one if we were looking at an economy composed
households, each producing a differentiated good.
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FIGURE 3. AGGREBATE DEMAND EXTERNALITIES AND MENU COSTS
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measured as ratios to nominal money. The price rule is drawn for a given real wage
(W/P) (assumed to be set at its monopolistically competitive value)band gives
log(Py/M) as a linear function of log(P/M), In the presence of monopoly power, ths
price rule has -slope greater than one. We also draw isoprofit loci, giving
combinations of (Py/M) and (P/M) which yield the same level of real profit for the

firm*¢, The symmetric monopolistically competitive equilibrium is given by the

intersection of the price rule and the 45 degree line, point E. Point A gives the
highest re;i prdfit point on the 45 degree line.
The aggregate demand externality argument can then be stated as follows.

Consider a small proportional decrease of prices, keeping nominal money and the real

wage constant. The equilibrium moves from point E to a point like E' along the 45

degree line. The profit of each firm rises with the increase in aggregate demand.

However, in the absence of coordination, no firm has an incentive-to reduce prices

away from the equilibrium point E.

The menu cost argument considers instead a small increase in nominal money.-At

the initial sef of prices, real money salances would‘increase and the ecoﬁomy would
move from point E to a point like point E’, But, absent menu costé, each firm would
find in its interest to increase its price until tﬁe economy had returned to point E.
In the presence of menu costs however, these menu cosfs, if large enough, can prevent
this movement back to E, so that the economy remains at E' and all firms end up with

higher real profits.,

1é The figure assumes decreasing returns to scale. Note also that, as firms take the

price level as given when choosing their own price, isoprofit loci are horizontal along
the price rule, '
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A similar argument, although slightly more :ohplicated, holds for wages, We

shall not present it here.

It is also important to note the specific role played by money in this section.

The presence of an aggregate demand externality does not depend on the nature of the
prnduced good, and on the nature of the numeraire. The results of this section depend
on money being the non produced good and the numeraire. That money is the numeraxr{
implies that, given menu costs, unchanged prices and uage;,mééﬁ un&hanged nominal
prices and wages. That money is the non produced good implies that as the government
can vary the amount of_nnminal,maney, iF can, if nominal prices and wages-do not_

- adjust, change the amount of real money balances, the real quantity of the non

produced good.

The effects of larger changes in nominal money

If we want to examine the effects of larger changes in nominal money, we can no
longer use the result derived above, for its proof relies on the éssumptinn of small
changes in money. For larger changes, the private opportunity costs of not adjusting
prices in response to the change in money -private costs, for short- are no longer
negligible and depend on the parameters of the model. We now investigate this

dependence.

The private costs faced by a firm depends on the size of the demand shifts As
well as on the two parameters o« and 6, As:we have seen, these costs are of second
order in response tc a change in aggregaté demand, thus roughly proportional to the
square of the change in aggregate demand. More precisely, define L(A ; «,8) to be the
private opportunity cost to a firm expressed as a proportion of initial revenues,

associated with not adjusting its price in response to a change of 100A% in aggregate
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demand, when all other firms and households keep their prices and wages unchanged.

Then) by simple computation, we get i

LIy «,8) = {[la-1)2(8-1)1/12(1+8(a-=1))1) A2 + 0(A2)
where o(A®) is of third order. o
) Thé closer o is to one, i.e the closer to canséaﬁt returns are the returns to
scale, the smaller the private cost. In the limit, if « is equal to one, then private
costs of not adjusting prices are equal to zero as the optimal response of a

monopolist to a multiplicative shift in isoelastic demand under constant marginal

cost is to leave the price unchanged. Thus private costs are an increasing function

~of o, They are also an increasing-+unct§on of 6 § the higher the elasticity of demand
wité respect to price, the higher the private costs of not adjusting prices.

Ekactly the same analysis applies io workgrs. The two important parameters for
them are p and o. If we define the function L iﬁ the same way as above, the private '
oqurtunity cost to a worker, measured in terms of consumption and expressed as a |
proportion of initial consumpt{on), ass;ciated with not adjusting the Qége in
reébonse to a change of 1004% in aggregate de@and, when all other firms and
hou;eholds kéep their prices and wages unchanged, is givgn by

[(e-1)/6al L{ (1+4) =1 j B,0),

where (8-1)/6x is the initial share of wage income in GNP,

I+ p is close to unity, i.e if the elasticity of the marginal disutility of
labor is close to unity, private costs of not adjusting wages are small ; in the
limit, if marginal disutility of labor is constant, private costs are equal to zero,

If ¢ is very large, if labor types are close substitutes, private costs of not

adj&sting wages are high,
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Table ia gives the size of menu costs as a proportion of the firm’'s revenues
(GNP produced by the firm) which are just sufficient to prevent a firm from adjusting
its price in response to a change in demand j Table lb;gives the size of menu costs
(in terms of consumption) as a proportion of initial consumption (GNP consumed by the
worker) which are just sufficient to prevent 8 worker from adjusting his wage.

Table 1| Changes in aggregate demand and menu costs
- - (a) : (h) .
Loss in value to a firm from not Loss in utility (in terms of consumption)

adjusting prices (as a proportion- to a worker from not adjusting wages (as
of initial revenues) a proportion of initial consumption)#*
Mi/Mo =
Mi/Mo = . o ’ B
alpha theta 1,05 1,10 " ' beta sigma 1.05 1.10
1.1 5 .003% .013 1.4 S - 068U « 265
B 2 L0001 . 004_ ; 1.4 2 027 11
- : 20 . 008 . 031 - 20 T .108 418
1.0 5 .000 .000 © 1.2 5,025 - .100
1.3 S .018 071 ’ 1.6 5 12 . 451

Mo is the initial level of nominal money, M. the level after the change.

Thus, given the uﬁit elasticity of aggregate demand with respecf to real money
balances and the assumption that all other prices have not changed, table la gives
the private costs associated with not éhanging prices :in the face of 5% and 10%
changes in demand to the firm,»The main conclusion is‘that very small menu costs ,say
less than .01% of revenues, may be sufficient to prevent adjustment of prices.
Results are qualitatively similar for workers. Table 15 gives the private costs of

not changing the effects of changes of +5% and +10% in the demand for final goods. It

"
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assumes that « is equal to 1.1, so that changes in the derived demand for labor are
of 5.5% and 11% approximately. We expect p to be higher than « so tﬁat table 1b looks
at values of p between 1.2 and 1.6, For values of p close to unity,‘required menu
- costs are-again very small j as B increases however, required menu costs become non
negligible 1 for p=1.6 and a 11% change in demand, they reach .45% of initial
consumption, a number which is no longer negliéible.

The more relevant comparison however, at least from the point of view of

welfare, is between private costs—%nd welfare effects, i.e. the,:haﬁge in utility
resulting from the change§ in output, employment and real money which are implied by
-a change in nominal money at given prices and wages. Welfare effects @epeqd on the
size of the change in nominal money as well as on the parameters «, B, 6 and_c } the
-dependence is a cdmplex one and we shall not analyze it here in detail. Table 2 gives
" numerical examples. It éives the required menu costs and welfare effects associgied
with two dif%erént changes in nominal money, 5% and 10J an& different vaiues of the
structural parameters. |

For -each of.the two changes in mohey, the first column g{ves the minimum value
of menu costs, expressed as a proportion of GNP, which prevents adjustment of nominal
prices and wages j this value is the sum of menu costs required to preien£ firms from
adjusting their prices and workers from adjusting their wages, given other wages and
prices. The second column gives the welfare effects of an increase in nominal money

at unchanged prices and wages, expressed in terms of consumption, again as a

proportion of BNP. The third gives the ratio of welfare effects to menu costs.
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Table 2 Menu costs and welfare effects

Mi/Mo = 1.05 Mi/Mo = 1.10
alpha = beta  Menu  Welfare Ratio Menu  Welfare Ratio -
T v Costs Effects - - Costs effects
(6=g=5) : : _
1.1 1.2 L03%  1.79% 60 . Ji1%  3.54% 32
1.4 .07%  1.B3% 26 .28%  3.60% 13
1.6 1% Le1E 17 J4b%  3.72% B
1.2 1.2 L04%°  1.82% 45  _ .54 3.57% 24
1.4 .08B%  1.B7% 24 331 3.67% 11 -
1.6 3% 1.98% 15 537  3.B5%° 7 - -
(0=0=10) | |
1.1 - 1.2 .03 L98% 31 1% 1.Be% 17
1.4 L06% 1.02% 17 T L 23% 1.93%7 8
1.6 L09% 1. 11% 12 .3b% 2.05% b
1.2 1.2 047 L99% 25 . J16%  1.87% 12
1.4 L07%  1.07% 16 297 - 2.01% 7
1.6 - W 11% 1.27% 12 J44%  2.28% 5

Welfare effects turn out not to be much affected by the specific values of the
paramefers; at least for the'rangeVof values Qe consider in the iable. Thus, the
ratio of welfare effects to menu cost has the same qualitativé behavior as tpat of
the ratio of output movements to menu costs. Ié is largest $or values of «, B, & and
o close to unity, and decreases as these parameters increase., In the table, it varies

from 60 for low values of «, B, © and ¢ to 5 for high values of these parameters.

Demand determination of output

We have until now assumed that increases in real money balances at constant
prices and wages led to increases in output and employment. When we were analyzing

the effects of small changes in money; this assumption was clearly warranted ;3 in the
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initial monopolistically competitive equilibrium, as price exceeds marginal cost,
firms will always be willing to satisfy a small increase in demand at the existing
price. The same is true of workers : as the real wage-initially exceeds the margiQ?l
disutility of labor, workers will willingly accomodate a small increase in demapd for
their type of labor. When we consider larger changes in money, this may no longer be
the case. Even if firms do not adjust their pr{ce, they have the option of either—
accomoaafing,or rationing demand } they will‘fesort~to the second option if margiﬁal
cost exqeeésipriée. The same analysis appliegfto workers. rFrom standard monopoly_
theory, we know that firms and workers willraccomodate relative increases ;n demand

of t SR

s 1 i _
(6/(6-1)) -1 and - {o/{o-1))p-1 - respectively

This raisegithe questién of Qhethef, assuming menu costs to b;_large énuugh,gan'
increase in demand can increase output all the Qay to its competitive level. The 5
answer is provided in Figure 4. F}gure 4 rehlicates Figure 2 and draws the aggregate
price and wage rules under competitive and monopolistically competitive conditions. A
is the monopolistic competitive eﬁuilibrium, A’ the‘competitive one. Along the
monopolistically competitfve price rule, price exceeds marginal cost j thus firme
will satisfy demand, at a given price wage ratio, until marginal cost equals price,
that is until they reach the competitive locus. In our case, firms will supply up. to
point B. The shaded area F is the set of output-reai wage at which firms will ration
rather than supply. By a similar argument, workers will supply up to point B'. The
shaded area H is the set of réal kage combinations where workers do not satisfy labor

demand. The figure makes it clear that an increase in nominal money will increase

output and employment. It also makes clear that, no matter how large menu costs are,
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it is impossible, unless the competitive and monopolistically competitive real wages
are equal, to attain the competitive equilibrium through an increase.in nominal
money.
What happens therefore as demand increases depends on both menu costs and supply
constraints. If menu costs are large, supply constraints will conme into effect first,
1+ menu costs are small, a more likely case, p;ices and wages adjust before supply

constraints come into effect.

Conclusion -7 - _

The results of this paper are tantalizingly close to thaéé of traditional
-Keynesian models : under monopolistic competition, output is too low, because of an
aggregaté demand externality. This externality, together with smali menu éosts,
imblies that movements in demand can affect éutput and wel%arg. In particular,
increases in nominal money can increase both output and welfare. in fact, while we
believe these results to be important to the unaerstanding>of macroeconomic |
fluctuations, it is also clear that there is still a long way to go for this model to
justify Keynesian resuits. Let us mention some of the main';ssues.

The scope for small menu costs to lead to large output, employment and welfare
effects in our model depends critically on the elasticity of labor supply with
respect to the real wage being large enough {(on (p-1) being small). Evidence on
iindividual labor supply suggests however a small elasticity., Thus the "menu cost"
japproach runs into the same problem as the imperfect information approach tq output
fluctuations : neither can easily generate large fluctuations in output in response
to demand if the real wage elasticity of labor supply is low. As in the imperfect

information case, the theory may be rescued by the distinction between temporary and
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permanent changes in demand. An other possibility is that unions have a flatter labor
;upply than individuals, More likely, the assumption that labor narkets operate as
spot markets (competitive or monopolistically competitive) may have to be

abandoned®”, -

The analysis of this paper is purely static. There are substantial conceptual
issues in extending the m;dél to look at the dynamic effects of demand on output, in
the presence of menu castsf.litmenu'costs lead to staggered nomihal price and wage
decisions, with fixed lengths of time between decisions, the model delivers,

~-depending on the particular staggering ;tructure,!the same qualitqtive results as

" recent macroeconomic models with staggering, such as those by Akerlof (i?é?), Taylor
(1979) and—Blaﬁchard (1983) (see Blanchard (1985) for a more detailedAargument). 1f
however menu costs lead price and wage setters to use (S,s) policies, which i;ply
random periods of time between decisions, the results ﬁay be‘quite different § in
response to a change in aggregate demand, only a few prices may be readjusted j they
may however be readjusted by a large amount, implying a léfge change in the price
level, and little effect of real money on output, apart form the distortions on the

price structure (see Caplin and Spulber (i1985), and Blanchard and Fischer (1985) f{for

further discussion).

- e - - > = - - - - - -

17 This is the direction taken by Akerlof and Yellen (1985b) who formalize the goods
market as monopolistically competitive and the labor market using the “"efficiency wage"
hypothesis,




Appendix

~This appendix derives the market equilibrium conditions (35) to (11)
given in the text and proceeds in three steps. The first derives the demand

functions of each type of labor and each type of product by solving part of

thé maximization problems of firms and households. These functions hold
Qhefher or not prices and wages are set by workers and firms at their profit
ér utility maximizing level. The second derives price rules from firms’
profit maximization and wage rules from_wﬁrkers' utility maximization. The

third characterises market equilibriué.

i. Demands for product and labor types. - . -

a) In order to maximize profit, each firm minimizes its production cost
for a given level of output and wages 1

n . . n c-1 o 1 i
min L W; Niy subject to ( T Nyy o0 do-1 o« 3 Yy
Ney =1 . j=1
Solving this minimisation problem gives 1
o -0 «
Ng_g =(n 1=-0) (WJIW) Y1
n 1 o
and LWy, Ny = (n 1-0) WY, (al)
j=1
n l=-c 1
where W= ((1/n) T W, )i-¢ ' ' (a2)

j=1

The demand for labor of type j is therefore given by i
m -0

Ny =T Nus = (Wy/HW) N/n (a3)
i=t :
mn 1 o
where N 2 (DL Ws; Ney)/W = (n t-0) T Y. (a4)
ij i=t '

N can be interpreted as the aggregate labor index

b) In order to maximize utility, each household chooses the optimum
composition of consumption and money holdings for a given level of total
wealth 1, and product prices :




[ 6-1 (-} i-¥
max As = ( L Ciy 6 )6-1 (M,'/P)
C::,Mg' i={
’ m
subject to LPiCiy + My =1,

Solving this maximization .problem gives 1

-9

Ciy = (Pu/P) (¥ 1,/Pm) - (a5)

My' = (1=4) 1, and 7 ' (ad)

Ay = p I4/P ‘ (a7)
o 1-6 1 1y 1-Y

where P = ((1/m) TP, ) 1-6 and p = (¥ mo-1 (1-Y) (aB)

i=t i -

p can be interpreted as the mérginal utilify of real wealth

The demand for product of type i is therefore given by :

- n . =6 - ) - - - _
Yo = L Cis = (Ps/P) (Y/m) ) o (a9)
j=1 ‘
n om : n i
where Y = (L L Py Cis)/P- = (¥/P) L I, - (al0)
i - i=1

Y denotes real aggregate consumption expenditures of households and will
be referred to as "aggregate demand".
" Note that (a8), (ab), (a?) and (ai0) imply the following relation
between aggregate demand and aggregate desired real money balances :
' n

Y = (¥/0L1=¥)) M'/P where M LMy ' “(atl)
1

j=

2, Price and wage rules

a) Taking as given wages and the price level, each firm chobses its
price and output so as to maximize profit : '
n
Vi = Py Yy - T Ws Nijy (al2)
j=1

subject to ‘the cost function (al) and the demand function for its
product (a%). Solving the above maximization problem gives :
cx-‘l

1
Pe = (8/(6-1))n t-0 « Y W, or equivalently (al3)

—

l-x -1 1
Po/P = [((6/(6-1)) n 1-0 m ) (W/P) (Y )] (1+6(x-1)) (al4)




Equation (all) implies that the price is equal to 6/(8-1) times the
marginal cost.

b) Taking as given prices and other wages, each household chooses its
wage and labor supply so as to maximize utility. Using (ab) 1

P
Uy = p 15/P = Ny (al5)

subJect to the demand for its type of labor (a3) and the budget
constraint - -

I; = Wy Ny + L Viy + My ’ {alb)

-Sqlving this maximization problenm gives H

p-t .
p Ws/P = (o/le=1))p N, y or equivalently o ’ (a17)
1-g B-1 1
Ws/W = [{la/lo-1))(B/p)n )-(P/W) (N )] (1+o(p-1)) (aiB)

B Equation (alB) implies that the real wage, in terms of utility, is equal
“to o/(o-1) times the marginal disutility of labor.

3. Market equilibrium

In equ:lzbr:um, desired real money balances must be equal to actual
balances. Thus M = M’, Replacxng in (all) gives

Y = (¥/(1-¥)) M/P (at?9)

This is equation (5) in the text. Then, from equations (a4), (a9) and
{al9), we get :
1 o - m -6 o
N=1T[(n 1-a)¥/(1=-¥)) m 3 ¢ L (Py/P) ) (M/P) (a20)
i=1

1+ all firms choose the same -not necessarily optimal- price, thls
reduces to : .

1-o o o

i
N=1Inl-cm (¥/7(1=¥))1 (M/P) (a2l)

Substituting equation (al9) into (a9) gives the demand function for
product i, equation (7) in the text. Substituting equation (a2i) into
equation (a3) gives the demand function for labor of type j, equation (B) in
the text. Note that as we have not used the price and wage rules to derive
these demand functions, they hold even when prices or wages are not set
optimally.

Substituting equation (ai19) into (al4) gives the price rule for firm i,
equation (10) in the text. Substituting (al9) into (alB) gives the wage rule
for worker j, egquation (11) in the text.
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