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Monopolistic Price Adjustment
and Aggregate Output

JULIO J. ROTEMBERG
Massachusetts Institute of Technology

This paper studies the consequences far the behaviour of aggregate output of the perception
on the part of firms that changing prices is costly. The rational expectations equilibrium. of an
ecanomy with many such firms is constructed. It is shown that in this economy nominal shocks
have a persistent effect on aggregate output. Furthermore, the real wage is demonstrated to
move procyclically in such an economy.

1. INTRODUCTION

There have been two major attempts to build a microeconomic foundation for the
existence of fluctuations in aggregate output. The first one is associated with the work
of Barro and Grossman (1976) in which prices are assumed to be fixed or else to follow
some slow path towards their equilibrium values. The economic agents then proceed to
maximize their objective functions subject to the fixed prices and to the rationing that
naturally emerges in those markets in which supply is not equal to demand at the going
prices. The second attempt is associated with the seminal papers by Lucas (1972, 1975).
He built an equilibrium model of the business cycle. In his model the prices are such
that people succeed in carrying out the transactions they desire to carry out at these
prices. However, agents are assumed to misperceive profitable opportunities. This is
due to their inability to observe the value of aggregate statistics like the current levels
of prices and of the money supply. Instead monetary injections are momentarily perceived
as good opportunities by everybody. Therefore they are followed by increases in aggre-
gate output which dissipate as people learn about the old monetary injections,

This paper presents a new attempt at building a model which accounts for the
existence of fluctuations in aggregate output in response to nominal disturbances, like
an unpredicted injection of money into the economy. Like Lucas’ model it is an
equilibrium model, albeit not a competitive one. Economic agents maximize their
objective functions taking the prices set by the other agents as given. They make the
best use of current information in the computation of facts about their current and future
economic environment. In fact, the producers, who in this model produce differentiated
products, have full information about the present. Namely, they know the prices charged
by their suppliers, the price level, and the economy-wide level of nominal money balances.
Furthermore they observe their demand and cost functions before they set their prices,.
These assumptions about the information available to producers sets this model apart
from Lucas’ and in my view constitute a theoretical advantage.

In this model it is the assumption that it costs resources to change prices, possibly
due to the difficulties changing prices impose on consumers, that introduced the ““rigidity”
necessary for the existence of correlated responses in output to uncorrelated nominal
shocks. The model is therefore a relative of the Barro—Grossman model in that it is the
slow response of prices which is placed at the centre of the explanation of business cycles.
However, it parts company with the latter model in that the monopolies set their prices
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optimally given that it is costly to change them. This fact changes many of the qualitative
features of the Barro—Grossman model.

The model of this paper has the added advantage of implying a positive correlation
between the real wage and GNP, Instead, both the standard Keynesian and most variants
of the Lucas model require the real wage to be relatively low when the output is relatively
high. In the U.S, detrended real hourly earnings seem to be positively correlated with
detrended output (see for instance Dunlop (1938), Tarshis (1939) and Blinder {1980)).

In the next section I discuss a monopolist’s optimization problem when he is faced
by specific demand and cost functions and when changing prices is costless. In Section
3 I construct the equilibrium of an economy with many such monopolists. In Section 4,
I first derive the pricing rule for a monopolist when changing prices is costly. Then, [
construct the rational expectations equilibrium for the economy with costly price adjust-
ment. This rational expectations equilibrium is a stochastic process for the price level
and for output that is driven by the stochastic shocks to the level of money balances and
to the taste for real money balances. In Section 5, I study some of the comparative
dynamics of this rational expectations equilibrium. I show that when the money supply
follows a random walk, output will be serially correlated. Furthermore I study the
behaviour of the equilibrium when there is a constant expected rate of monetary expansion
and, alternatively, when the money stock is expected to change drastically in the future.
In Section 6, I extend the model to include a labour market and show that real wages
move procyclically. The last section contains some conclusions and a research agenda.

2. MONOPOLIES

The model consists of # monopolies indexed by {. Each one produces a distinct non-
storable good. In this section I derive the pricing rule that the monopolists will follow
in the absence of a cost to changing prices.
BRoth consumers and firms demand good i The demand functions are assumed to
be given by:
[ d.

Of—f=A.—(£i—')_i(f%) L i=1,2,...,n 1)

where O is the quantity of good i demanded at time ¢; A, d; and b, are firm specific
constants; P, is the price of good i at time ¢ which is set by the monopolist; P, is the
price level which is defined below; Af, is the economy-wide level of nominal money
balances and V, is a time varying taste parameter. Prices will change because V, and M,
follow stochastic processes with normal disturbances. The monopolists are assumed to
observe their demand function at time ¢. Moreover, the money supply is assumed to be
a published statistic at time . Therefore the monopolists observe both M and V in the
current period.

The quantity demanded of any particular good depends not only on the relative
price of the good, but also on real money balances. Such demand functions will arise if
real money balances are a direct source of utility. They may also arise when money is
just a store of value." Note that as V changes a different level of real money balances
leads to the same quantity of each good being demanded at constant relative prices.
The second term of these demand functions can be thought of as a wealth effect,

The price level is a weighted geometric average of the n prices charged by the
monopolists:

P =[[1/_; P E", (2)

where the k; are constants. In Section 4, labour becomes the only factor of production.
For simplicity I start, however, considering an economy in which only goods are required
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to produce goods. Let the production functions of the monopolists be given by:
Qu=IT_, Fir™ ™ i=1,...,n, 3)

where F; is the quantity of good j used in the production of good ¢ at +. All goods are
used in the production of good i Moreover, the production functions (3) exhibit
decreasing returns to scale. Hence, givcn a feasible vector of outputs, the vector of
outputs obtained by multlplymg the given vector by a sufficiently large scalar is not
feasible. Such an expansion requires that the inputs be multiplied by x> when the outputs
are multiplied by p. For u sufficiently big the inputs must be larger than the outputs.
Therefore, there is a production possibility frontier.

I will assume that when purchasing its own output for use as an input, the productive
side of the firm is charged a price which is equal to the price the firm charges its other
customers times a fixed discount factor . Then the productive side of the firm proceeds
to minimize costs, This assumption would not be necessary if good i were not productive
in the production of good i As long as the weight of any given good is small in the
price level this assumption will not have any important consequences. It also appears
to be of descriptive value. Then, the cost functions of the monopolists are:

Ci(O) =(UPO) /2 i=1,.

zzh bt Tk,
U, = g™ H; 1( = )
i

where C(Q,) is the cost to firm { i of producing the quantity Q at time . The monopolists
take every other price as glven Moreover, I will assume that k/Y. k; is very small and
that they can neglect their influence on the price level. Then, the maximization of profits
requires that P, be equal to P} where:

Pi=ANUPQ, i=12,...,n
Ar=bJ(bi—~1)

and b; must be larger than one for the monopolist to be at a profit maximum.,

4}

(5}

3. EQUILIBRIUM WITHOUT COSTS OF CHANGING PRICES

In this section I construct the equilibrium of an economy consisting solely of monopolists
and of the households that own the monopolies and spend the profits on output. This
equilibrinm is constructed in two subsections.

In the first I discuss the form of Walras Law in this economy. In the second subsection
I construct the equilibrium that would prevail in the absence of costs to changing prices.
This equilibrium is constructed for two reasons. First, this will be the appropriate
“long-run’ equilibrium concept when changing prices is costly. Second, I will show that
this equilibrivm is strictly inside the production possibility frontier and that allocations
with more output {(which will emerge when changing prices becomes costly} are feasible.

3.A. Walras law

The output of the monopolists goes to two sectors. Some is demanded by other firms
as an input, and some is demanded by households. Households are given the profits of
the monopolists and it is these that they use to purchase goods. Let I}, be the demand
by households of good / at time . The households also have a demand for the » + st
good, money, This demand is written as a demand for flows of additional amounts of
nominal money above the previous stock of maney:

Mf _Mr—1=Mf *M_1+ZIH;:—):.-P:-»D;¢= Y;"Cf' (6)
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Here ¥, is nominal income of households in period ¢ [],, are the profits of firm i and ¢
and €7 is the amount of consumption demanded in period ¢. The increase in nominal
money supplied is part of the income of the households since here money is assumed to
be distributed by a helicopter and held only by households from one period to the next,

Equation {6) when the desired quantities are replaced by the actual quantities
transacted is also the households budget constraint. Since there is no rationing, the ex
ante equation {(6) and the ex post budget identity are the same.

The individual firm’s budget constraint is:

[L.=P.Qu-Y,PFy, i=1,2,...,n (7)
The equilibrium condition in the goods market is that:
Qu=Dy+F=D,+}Fy, i=L,2,...,n (8)
Replacing (7) and (8) and adding over all firms:
Yl =% PQu =%, 3, PiFy = ¥, P 9)

Therefore equilibrium in the # goods markets implies equilibrium in the money
market. This can be seen by replacing for total profits in equation (6). I will therefore
consider only the goods markets when computing the equilibrium of this economy.

3.B. Equilibrium
Taking logarithms on both sides of (4):
P =p+ i twt+a)/ (L+b)+diim,—p.—v) /(1 +b,) (10}

where lower case letters denote the logarithms of their respective upper case letters.
The equilibrium price level can be computed by weighting the above equations by
h; and summing:

Yhpe=p Lhi+%,
Replacing (2) in (11):

—p—v=— W_ﬂtﬂ_)]/[ dfh;]
e [z" 1+5, “1+5J (12)

Equation (12) says that real money balances depend on all the parameters of the
model. It also can be used to see whether an expansion in the quantity of money m, or
a change in the taste for real money balances v, has any effect on real output.

I will use as an index of aggregate output the sum of the logarithms of the output
of the # goods.

it +adh; i
(A +u; +a;) +[z d:h

] t T Fe T U )y 11
e o= an

q:. = Z,‘ v (13]
And using (1) in the definition of {28) output demanded is:
g=X,a:+(m —v—p)Y,d; (14)

The equilibrium condition (12) assures that m, —p, — o, is unaffected by changes in
either the level of money balances or the taste for real money balances. Therefore, by
(14) aggregate output will not respond to such changes.” This economy is neutral.
Increases in nominal money balances are matched by increases in the price level, The
“real” side of the economy, namely outputs and relative prices, remains unchanged.
The neutrality of this economy depends on both the monopolists’ knowledge of their
input prices, demand* and cost functions, and on the absence of any costs to changing
prices.

The competitive equilibrium can be computed in exactly the same way except that
A, is in this case equal to one. That is competitors set price equal to marginal cost. Then
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A; is zero and the weighted sum of the A; that appears in (12) is zero. On the contrary,
the A/s must be positive when the economy consists of monopolists. Therefore real
money balances are larger when the economy is competitive. Larger real money balances
lead to a larger aggregate output by (14). The monopolists produce less than the
competitors in equilibrium. Recall that the competitive equilibrium is on the production
poss1blllty frontier. Therefore the monopolistic equlllbnum without costs to changing
prices is strictly inside the production possibility frontier.” This means that allocations
with more output than the one corresponding to this static equilibrium are feasible,
When analyzing the behaviour of the economy with costly price adjustment it will be
apparent that sometimes the price level will be below the price level that would prevail
in the absence of such costs and at other times it will be above. As long as the price
level is not too far below the price level the monopolists would desire, the allocation
will be technologically feasible.

4. EQUILIBRIUM WITH CGSTLY PRICE ADJUSTMENT

In this section, I first find the pricing rule each monopolist will employ when price changes
are costly. Then I construct the equilibrium that emerges when each monopolist has
rational expectations and takes the paths of prices he expects other firms to charge as
given.

4.A. The pricing rule

To compute the pricing rule when price changes are costly, I first need to approximate
the difference between revenues from sales and costs of production by a quadratic
function of p,. Real profits of firm i at ¢ are given by «(P,/ P, M/P.V,):

() a2 (k) Y5 ()T
PPV, AP PV, 2LAP, PV,

n_w(P M)+BW(P /P, MJ(PV, (P, P;“‘:)

P’ PV, 3P/ Py P, P
L& PP M/(PV) )(&_P_ﬁ)
2 a(P.-,/P,) PP

where pf is given by (10). The first order term vanishes by the definition of p%. Hence
profits can be written as:

B, M;)m (P M)

P’ PV, P’ PV,
—n oy Mk+sy) 2d,/t1+6,}
+l u b‘) (A:U b ) (_M_,_) (Pi:_Pﬁ)z
2 U h—1 PV,

where (5) was used to substitute for P%/P,. This expression can be further approximated
by:

(Pu Mr) (P.; M, )
PI PlVI PI‘ P{ 1
+1 (1 —b;) (A;Ubl) 1f(1+bl.]z*gdi;(1+bi) (p: __p{k)i'-
2 BU \b—1 oo

A=) (¢ by

(1+b;)(b 17} hi—1 Z*Mﬂl%‘)(Piz_p?z‘)(mr_Pt_ﬂr_za‘)

(15)
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where Z¥ is the value of M,/P,V, at the equilibrium without costs of changing prices
(12). By {11) (m,—p,— v,— z*) is of the same order of magnitude as (p,—p3). Hence
the last term in (15) is of third order in {p. —p%) and can be neglected as long as p, is
not too far away from p.

Equation {15} gives the profits that would be forthcoming if changing prices were
costless. The monopolists will now be assumed to be concerned with the maximization
of the discounted value of the above profits minus the cost of price changes.

As has often been pointed out (Barro (1972), Mussa (1976), Sheshinski and Weiss
(1977)), changing prices is costly for two reasons: First, there is the administrative cost
of changing the price lists, informing dealers, etc. Secondly, there is the implicit cost
that results from the unfavourable reaction of customers to large prices changes.

While the administrative cost is a fixed cost per price change, the second cost can
be a different function of the magnitude of the price change. In particular, customers
may well prefer small and recurrent price changes to occasional large ones.® This is what
is implicitly assumed in this paper as I make the costs to changing prices a function of
the square of the price change.” The modeling of the characteristics of consumers which
leads them to these preferences is an important undertaking which is beyond the scope
of this paper. Such modeling would make the costs of changing prices endogenous.

The assumption that price changes are perceived to be costly is not only plausible
on theoretical grounds but can also be justified by its power to explain the pricing
behaviour of manufacturing firms. In empirical studies of these prices (Eckstein and
Wyss (1972)), lagged prices are important explanators of current prices even when all
those variables which explain ‘““desired™ prices are included in the regressions.

When changing prices is costly, the monopolist might consider maintaining the old
price while rationing some customers. This is ruled out in this model by implicitly
assuming that the costs of rationing customers are enormous. These costs, too, are
related to the reputation of the individual monopolists.

The existence of costs to changing prices alters the qualitative form of the monopo-
list’s maximization problem. In the absence of these costs he chooses his prices in each
period according to (5). In their presence, today’s decisions (prices) affect tomorrow's
profits. This is so because it will be costly to charge tomorrow a price different from
the one the firm decides to charge today. Therefore at time ¢ the best price for ¢ must
be determined by maximizing the expected present discounted value of real profit given
by:

E:(Z:l ¢ ﬂk[({-’ .f+k) — Wi (P — Pﬁw]z =i Pirsic — P::+k—1)2) {16)
where
. = b, —1)° (AgUb.-) U(Hbijz*zdmmi)
' 207 \b;—1 ’

¢; is a firm specific constant and p is the firm’s discount factor. I now impose a relation
between ¢; and the other firm specific parameters {4, b; and d;} by assuming that:

c/wi=e¢, i=1,...,n (17

where ¢ is a constant. This assumption is required to make the equilibrium of this
economy tractable.
The monopolist's problem can now be rewritten as:

min E, Zf:g Pk[(pi:+k _P?:c+k)2+ C(pir+k '“piz-i-k—l)i] (18]

{18) is a standard optimal control problem that satisfies the conditions for first period
certainty equivalence, Problems of the form of (18) have been solved by numerous
authors. See Kennan (1979) for an extensive list of references from the investment
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literature. Sargent (1979) also solves problems of this type. His method of solution is
employed here.

What is conceptually different about equation (18) is that here it is costly to adjust
prices. Instead, the literature on costs of adjustment has concerned itself with competitive
firms that take prices as given and have costs to changing quantities (employment, the
capital stock, etc.).

The minimization of (18) leads to the following first order conditions:

1 .
[1-ac + 10+ DL+ 12 |plies =2 ol (19)
p P

where the superscript / indicates that these are expectations formed by firm . Pievic 18
the expectation formed by firm i at ¢ of the price p,.. while pi... is the expectation
formed by firm { at ¢ of the price p}, .
The minimization of (18) also involves a transversality condition:
limg a0 (P:'Imnc —P?;;Hk) + C(p:'.n"wk _P::m+k—1) ={. (20
Factoring the expression on the LHS of {13)

i L
(1—aL)(1—ﬂL)p.'m+k=;;p?§mk (21)

where
a+B=1/gc+1/p+1

ap=1/p
and therefore

(1-a)(1-B)= 22)
oc
Since the sum and the product of the two roots are both positive, the roots are positive.
Furthermore since both g and ¢ are positive, (22) implies that one of the roots is greater
than one while the other is smaller than one.
This can be seen in Figure 1. The intersections of the two curves give the roots «
and 8.

a

AN

FiGure 1
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Let @ be the smallest root. In Figure 1 one can see that a decrease in ¢ moves the
straight line to the right thereby increasing # and reducing «. Instead an increase in p
has ambiguous effects since it shifts both curves to the right.

To obtain the values of the sequence pi..x from (20) two endpoint conditions are
needed. One initial condition is the value of p;,,—; which is given to the firm by its own
history. The other end point condition is given by (19). This transversality condition
says that the firm expects to charge a price close to pi,., in the far future. It requires,
as shown in Sargent (1979} that the “unstable” root 8 be used to solve for p; .+ forwards
in time. In other words, it will be satisfied as long as both sides of (14) are divided by
(1 —pBL)} yvielding:

,. . 1 1y
Pivyivie = Q’p:rxwk—l “+ z;ﬂ:o (—) pﬁfﬁ-kﬂ% (23)

Boc B

This equation gives the path of prices the firm expects to charge from 7 on as a function
of its expectatlons at ¢ of the sequence p?.; where these expectations are taken as given.
It then charges pi, at & At £+1 it will revise its expectations about p3,; The prices
that will be charged at (¢ + 1) can be computed as in {23) by replacing k by 1. In general
the equation that determines the price charged by firm i at ¢ is;

Blc z;iu (é) IP:'?;:H- (24)

The existence of a cost to changing prices makes the monopolist change his prices
slowly {therefore prices at ¢ depend on prices at ¢ — 1}, These costs also lead monopolists
to take into account the expected future optimal price when deciding on the current
price so as to avoid costs of changing prices in the future, The price that the ith monopolist
charges today is a weighted average of the price he charged yesterday and the prices he
would like to charge in all future periods if there were no cost to changing prices.
Equation {25) is very similar to Sargent’s (1979) characterization of labour demand
when adjusting employment is costly. There, employment today depends on employment
vesterday and the expected future path of real wages.

Notice that if p} follows a random walk its expectations at ¢ for the infinite future
is just its p¥ and equation (24) reduces to:

P prual +

Dit = @Pu_1+ pu aps_1+{1—a)pf. (25)

1 B8
Bpc B~
The last equality is obtained by using (22). Equation (25) is just the partial adjustment
equation often used in empirical research. An increase in ¢, the cost to changing prices,
was shown to increase «. Thus, such an increase slows the adjustment of prices towards
their long-run value, as expected, On the other hand, a change in the discount rate has
an ambiguous effect on this speed of adjustment. While a decrease in p makes it relatively
cheaper to change prices in the future {thereby leading to slower adjustment), it also
penalizes the monopotist relatively more for current deviations of p, from pi.

4 B. Equilibrium

In this subsection the rational expectations equilibrium of an economy in which each
firm expects to follow (23) is constructed. Each firm takes the expected path of p§ as
given. Therefore firms do not expect to infiuence the paths of m, p, and . However,
the path of p¥ they expect is the mathematical expectation of p¥ conditional on each
firm picking its price according to {24). This equilibrium could therefore be called a
Nash-Rational Expectations Equilibrium. It has the property that the prices charged by
each firm at ¢ are optimal given the prices charged by other firms, the mathematical
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expectation of the prices other firms will charge in the future and given that firms have
to sell the quantities demanded at these prices.

Denote the expectation held at 7 by firm i of the values at ¢+ of the price level,
the level of money balances and v by pyiuj M yea; and vy, respectively, I will require
that these expectations be the mathematical expectations of p, s, and v at ¢+ j conditional
on information available at ¢. Then, aggregating the LHS of (23) over firms also gives
the mathematical expectation of p,., conditional on information available at ¢;

1 1!
Pejoet = QPyrri—1 +E‘;C~Ef (;3“) {Dyeckr; F S+ DMy rricr;— Pyevicri — Uyeriens)t (26)
where
_Lhs _ ( hud; )
$=%n Pe\Zag) ik

5= ()l.g -+ i; + a;)/(l +- bg).

A rational expectations equilibrium is, in this model a sequence of expected price
levels that enter the RHS of equations (26), and which are equal to the LLHS of the
corresponding equation (26)." Hence, if these expectations are held, they will be the
corresponding mathematical expectations of the price levels. It must aiso be noted that
if the consistency of the expectations was not imposed, almost any price level could be
the equilibrium price level at time £ That is, if one is allowed to pick at will the values
of {M/ersy Uyr+;} then one can also pick almost at will a p, that satisfies equation {26).

The rational expectations equilibrium can now be computed as the solution to
equation (26}. It is a difference equation for the expected price level that is driven by
the expected levels of money balances and of the desire to hold real money balances.

One can rewrite equation (26} as:

[I—D 1
Boc 1-1/BL

Multiplying both sides of (27) by (8L~ 1):

D 1

—-(1- aL}]Pz/r+k = Bpc 1—1/8L

! (mt{r-t»k T Ugreeke + S/D) (27)

D1 LD
[1 - ( +a +ﬁ)L+aBL2]pq¢+k = — =My s — Oyesr + S/D].
pc oc
Factoring the LHS:
LD
A =yL¥1-8L)pyrvr = -—:J—C_ [mrh+k — Uyt §/D] (28)

where
D-1
dt+ty=a+8 +—-C-=1/p+1+D/pc
fie

Sy=aB=1/p
and therefore:
(1—8)(1-y)=-D/pc. (29)

Once again the two roots are positive; one is farger and the other smaller than one.
A similar diagram to Figure 1 can be used to study the change in the roots as the
parametesrs D, ¢, and p change. Let the smaller root be y, As either ¢ decreases or D
increases, v goes down while 8 goes up. As before, to satisfy the transversality condition
(19}, I solve forward with the unstable root which is equivalent to dividing both sides
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of equation (29) by (1-5L). This vields:

D 1

i
Pitevic = Yerk—1 +§EE zio (g) (mrf:+k+; — Oyftrprf T S/D) (30)

As can be seen from the definition of § and D together with (12), (#yrer — Uyrrr + 8/ D)
is the price level that would be expected at time ¢ to prevail at time ¢+ k if there were
no costs to changing prices. So, the price level at ¢+ k is expected to be a function of
the previous price level and of the ulterior “desired” price levels. In other words, the
price level is expected to slowly adjust towards the price levels that would prevail in the
absence of costs to changing prices.

Note that v is not necessarily equal to «. This is so because the price level at ¢
appears both on the RHS of equation (26) and on the LHS as long as D is different
from one. Therefore the amount of the price level of the previous period contained in
today’s price level is a function of how strongly “‘excess™ real money balances affect the
demand for goods. Given a, the higher is D, the higher is the effect of wealth on demand,
the lower is vy, and therefore the faster is the adjustment to the “desired” price level.

Remembering that the price expected at ¢ for ¢ is the actual price level at ¢, the
path for p, is:

D 1y’
e = 'YP:—1+'3'p_c Z:in (E) (mr‘}!+;'_vrf.r+j+S/D}' {31

The rest of this paper is devoted to the analysis of {31) along with the path for output
that it implies.’

5. COMPARATIVE DYNAMICS

In this section I will show that changes in money and in o, whether anticipated or not,
affect real output. I will consider two cases. First, I will study a simple stochastic process
for (m —uv), then I will analyse the reaction of prices and output to the announcement
that money will increase sometime in the future.

Case 1 ((m —v) follows a random walk with drift).
Let (s, —v,) follow the process given by:

mo—v=0+{m_1—v,1)+z (32)

where {&,} is a sequence of independently identically distributed normal variates with
mean zero while 8 is a constant. I will show that increases in both £, and 8 raise
equilibrium output. Throughout the analysis, it will be assumed that the £s and 8 are
small enough so that the resulting level of output is feasible. If the £'s or # were too
big the approximations that lead to {15) would cease to be valid and firms which use
rule (31) would be forced to ration their customers. Instead, when the £'s and 8 are
small levels of output above the level which constitutes an equilibrium in the absence
of costs of changing prices will be feasible as shown in Section 3. When {m —v) is given
by (32) the expectation at t of m,.;— v;.; is given by:

Moer; = Oyee; = 8+ 1)+ (Mg + 0.+ £). (33)

Substituting (33} into (30} and using (29} one obtains the expectation of p,., at ¢:

Purek = Vs + (1= ) mes =0y + S/D+ et 00+ D+ ] (34)

(6-1)
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The solution to the non-homogeneous difference equation {34) is:

Piive = '}’kaI—I +{1- '}’kH)

x(m[ — 1+S/D+s,+gf—l—1”—9)+a(k+1). (35)

On the other hand, using (14), (33) and (34) the expectation of g, held at ¢ is:

Gefreie = 4 _Z{ d:[S/D + '}’k+1(mr-—1 1 e +S/D + sr}

(1—8y) ]

Ay

(36)
where a =Y, a;

Output in the absence of costs of changing prices ¢* is given by a — ¥, ;(S/D) which
can be verified by substituting (26) mto (12) and (14), Therefore the difference between
output expected at ¢ for 1 +k and ¢*

(1—y“+‘)e(1—ay)]
G-1(1-v)

The first term on the RHS of (27) captures the effect of the innovation g, on the path
of expected outputs while the second embodies the effect of 4. I discuss these in turn.

In the absence of costs of changing prices, an increase in g, translates one for one
into an increase in p,. As firms spread their costs of price changes, an increase in ¢, leads
to small increases in prices from ¢ on. Therefore, (m,— p, —p,) is highest at ¢ and then
declines. So output rises with g, and then slowly returns to g%. Uncorrelated disturbances
generate correlated output movements. The model, like the one in Lucas (1973) produces
an “endogenous’ business cycle. The ¢'s also generate fluctuations in relative prices.
By (5} and (14}, those firms whose 4; is large adjust their prices mostly towards the
present and future levels of money balances, while those whose d; is small use mainly
the price level as their target. Therefore, at ¢, those firms with a large 4, respond more
to £, than the others.

It is worth noting that when 8 is zero, (39) implies that: p, = yp,—, + (1 — y)p7, where
p¥ is the price level “desired” at ¢, namely (m_y + 0,1 +8/D +g,). This equation is

exactly the one used in the MPS model according to DeMenil and Enzler (1972). This
equation has come under attack by McCallum (1979) for being ad hoe. While the
preceding discussion makes this criticism less valid it must be recognized that the U.S.
money supply cannot be described by a random walk,

Since (8 —1)(1 — ) is positive and &v is equal to 1/g, unless firms do not discount
the future (p = 1), an increase in # raises the steady state level of output. This can be
explained as follows. By letting their prices grow at the rate 4, the monopolists guarantee
themselves constant profits from operations (revenues from sales minus costs of produc-
tion). By letting prices grow by slightly less than @ in the early stages the firms decrease
their costs due to price changes while lowering profits from operations, This loss in
profits from sales will continue until infinity given that it will never be optimal to increase
prices by more than @ in any given period. If the discount factor is less than 1, the
discounted stream of losses from sales that results from increasing prices by less than 8
in the early stages, is smaller than the stream of benefits that accrue from smaller changes
in prices during the period that gets counted most heavily in the present value calculation.
If, instead, g is one, any change in the level of real profits from operations which will
be incurred forever will have an infinite present value and it will never be advantageous
for the monOpollst to increase its prices by less than the rate of monetary expansion.
Therefore, prices go up by ¢ even in the first period.’

q:,-’r+k_q*=(zdi][ k+1(m: [ ﬂ:—l_pr—l‘l'sz)_ (37)
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Case 2 (The effect of an anticipated change in the future money stock)

Suppose that the money stock and v are known with certainty to remain constant until
time T. From T on the money stock will be equal to the money stock at time zero
multiplied by e* where p is taken to be positive for expositional purposes, This
information is revealed at time zero. Suppose, for simplicity, that at time minus one the
price level was such that output was at ¢*. Then, using equation (31) the aggregate
price levels will be:

T—t 1- ('Y/a}H—l
1—(v/8)

Equation (38} makes it clear that the price level starts rising at time ¢ even though
the expansion in the money supply is due at time 7. Therefore the announcement of
the expansionary policy is contractionary, if believed, since it induces a decline in real
money balances. Until the time the expansion in money actually occurs output will
therefore be below g*.

Instead, at time 7T, cutput will actually be above g* as can be seen from the following
argument, Output at T would be equal to g* if the coefficient of p in {38) when ¢ is
equal to T is unity. Instead, this coefficient is less than (1 —+v)/{1 — /&) which in turn
is less than one since ‘8 is bigger than one. Therefore prices are lower than those that
lead to 4% and output is higher than ¢*. The monopolists try to spread the losses {rom
inevitable price changes over time. In equilibrium some of these costs are incurred
after T.

po=mg— o+ 8/ D+ {1—v)(1/5) r=0,1,2,...,T.  (38)

6. THE LABOUR MARKET

So far, only good were used as inputs into the production of goods. This assumption
was made mainly for simplicity. In this section it is shown that the results of the paper
carry over to an economy in which labour is the only factor of production and in which
the labour market is competitive,

Let the production function of firm { be:

Q.,=NY?  i=1,...,n (39)

where N, is the amount of labour hired by firm ¢ at . Then the demand for aggregate
labour is given by:

—2b,

N=3, 03 ;{,) £,43(3) n—-(}‘,‘iv)a (40)

Where the first equality is obtained by using (1} and the assumption, which will be made
in this section, that d; is equal to d for all firms. The last term is obtained by approximating
a weighed sum of relative prices by the time invariant constant G,

Let the supply of labour be given by:

w; f
No=Gi 5 (41)
where W, is the wage at ¢ while (3, and f are parameters. Then if the labour market is

competitive, real wages will be given by:
W._ G( M, )MU G= (_C.;_l) e (42)
Pr P:V.r Gl

In the absence of costs of changing prices, firm f, taking the wage and A,/ P,V, as given,



ROTEMBERG PRICE ADJUSTMENT 529

would set its price equal to P,:

M [dif+21/f(1+b1]
) 43)

P, =2AWQ, = CAGA, ”“*bﬂp,(—
( ) PV,

where the second equality follows from (42). Using (42), real profits from operations
can be written as:

P, Mr)z&A_(r;n)"*’f(&)“
Pt’Per Pf IPK Pl“/t
M, 24/, P, —b; M, 442
_G(P,V) [A‘(F,) (PM) ]
- LAMUESVUE
TP BV, ING

(2AIGA£)23(1+£!')Z""[Zd(f‘+1—bi}ff(1+b‘}} (pi.r _pﬂ}l
(44)

where Z is the level of (M,/P,V,) which would prevail in the equilibrium without costs
of changing prices. The approximations that lead to (44) are identical to those that lead
to {15). Moreover, (44) says that in an economy in which labour is the only factor of
production, the firm’s optimization problem in the presence of costs of changing prices
is essentially identical to the problem presented in Section 6. Hence, the equilibrium
can be derived in the same fashion.

Again, increases in m are expansionary because they raise p;, by more than they
raise p,. They raise output by raising M,/P.V,. This leads to higher real wages since
more labour must be employed at higher levels of output. Therefore, the real wage will
be positively related to output.

7. CONCLUSIONS

This paper has presented a model of an economy that is characterized by fluctuations
in aggregate output as responses to fully perceived “nominal” shocks.

Both the textbook “Keynesian” model of Branson (1979} which relies on non-
rational expectations and the Lucas model are based on a varying supply curve of labour
over the business cycle. At certain times, those with relatively high prices, workers
misperceive their current return to working to be higher than usual. In these periods
they work at lower real wages and they work more, thereby increasing output. Demand
shocks only affect GNP by first confusing producers about their trading opportunities.
It is somewhat implausible that these misperceptions can affect output by as much and
for as long as is necessary to explain actual business cycles.

Instead, models in which producers are aware of their true trading opportunities,
at least insofar as these are affected by the value of aggregate statistics concerning the
present, seem more desirable. Here, this information is made available to producers.
Instead, it is the perception on the part of producers that changing prices is costly which
leads to business cycles in response to nominal shocks. These perceptions may well be
reasonabie if customers react unfavourably to such prices changes.

This model may be extended in various directions:

The poods could be assumed durable and the monopolists, if not the households,
allowed to keep inventories. They would choose their level of inventories optimally
taking into account both the convexity of their cost function and the cost to changing
prices. The resulting equilibrium would be a joint stochastic process for output, the
price level and the aggregate level of inventories. This joint stochastic process would
be driven by monetary shocks as in this paper.
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The firms could be subjected to firm-specific shocks. If, in addition, they were
unable to observe the aggregate statistics, their inference problem when choosing prices
would become similar to the inference problem faced by a Phelpsian islander. This
would probably vield an even slower response of the price level to unsystematic nominal
shocks.

Praducers could face lower than infinite costs to rationing consumers. Then they
might occasionally choose to keep their prices near their previous prices while turning
away some consumers. These rationed consumers would, in turn, increase their demands
in other markets. Whether there would, in such a model, ever be any rationing in
equilibrium is an open question.

First version received February 1981; final version accepted January 1982 (Eds.).

This paper is a revised versian of Chapter 1I of my Ph.D. Dissertation which carries the same title. [
am indebted to Alan Blinder, William Branson, Gregory Chow, Ed Green, Oliver Hart, Stephen Kealhoffer,
Robert Porter, and two anonymous referees for helpful comments and suggestions.

NOTES

1. Specifically, (1) would be the system of demand equations characterizing consumers if these maximized
in each period a utility function which depended on their current consumption and on their end-of-period
money balances. (1) might also arise if consumers had finite lifetimes as in the consumption-loans maodel in
which money is just a store of value,

2. This is a standard assumption in models with differentiated praducts (e.g. Dixit and Stiglitz (1977)).

3. An increase of all a’s by an amount proportional to 4; also leaves output unaffected. Such a change
is indistinguishable from a change in the desire to hold real balances.

4. A model similar to this one can be used to study the rigidity that results from the monopolists being
farced to set their prices before abserving their demand curve. This is the rigidity focused on by Gordon and
Hynes (1970).

5. This results from the existence of monopolies in the intermediate goods sector. This result is also
present in a model by Hart (1980) in which workers have market power.

6. A canceivable mechanism that translates the unfavourable effect of price changes on customers into
a cost to the monopolist who changes his prices is the following. Suppase people like to take time to think
between the time they see a price and the moment of actual purchase. Upwards movements in prices will
then be followed by a period of low demand in which. people are digesting the new information and deciding
whether they wish to buy at the new prices, Obviously people will only take time to think about the desirability
of purchasing a particular item if they think the probability is low that its price will change. Consumers will
therefore make up their minds faster in periods of high inflation. The cost of changing prices should therefore
decrease as the rate of inflation increases.

7. The curvature of the function that gives the cost of adjustment has important implications as shown
by Rothschild {1971) and Folkerts-Landau [1981). In particular canvex costs of adjustment like those used
in this paper lead to gradual price changes. Meanwhile, fixed costs per price change {which are concave in
the price change) lead ta abrupt and irregular changes in individual prices.

The costs of changing prices are assumed to be symmetric around zero. It would appear to be more
reasonable to assume that it is costly only ta increase prices. However these two assumptions lead to similar
consequerces in environments like the postwar United States in which prices move mainly upwards.

8. The monopolists must therefore know the effect af all variables on the stochastic process which
describes p,.

9. This paper will consider the effect of paths of #t and » which are exogenous, that is, unaffected by
the behaviour of p and 4. Ratemberg (1981) also studies the scope for systematic monetary policy.

10. If the discount rate is equal to zero, only the finite horizon problem of the form of (11) can be
solved. However this does not change the qualitative nature of the resuits. Note that in this case even random
movements in 8 have no effect on output as long as ¢ follows a random walk. This is 50 because in the absence
of discounting, prices always rise by & when (im— ) is expected to continue to rise at the rate 4. Hence
{(m—u—p)and q are unaffected by 4.
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