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This paper analyses the impact of inflation when firms face frictions in both price and
quantity adjustments. A vast literature examines the consequences of price-adjustment costs
assuming frictionless quantity adjustments. However, temporary quantity adjustments may be
expensive, for example because continual adjustments of the optimal production plant are
impossible. Moreover, recent findings suggest that frictions in quantity adjustment may
remove the linkage between output and inflation. In this paper we show that this is not the
case when inflation is anticipated. On the contrary, a predetermined production capacity may
significantly amplify the consequences of price adjustment costs.

INTRODUCTION

It is by now well established that small fixed price adjustment costs, the so-
called menu costs, may cause nominal changes to have large real effects.! This
result is derived assuming that quantities can be adjusted costlessly. Empirical
evidence shows that menu costs are not trivial (Levy et al. 1997; Dutta et al.
1999), but there is also evidence that points to large fixed quantity adjustment
costs (Bresnahan and Ramey 1994). For instance, a firm may have to commit
to a given production plant which makes it very costly to adjust output in
response to changes in demand. This would give rise to fixed costs that are not
altered over the price cycle, contrary to the presumption in the menu cost
literature.

An interesting question is whether the existence of non-trivial quantity
adjustment costs invalidates the menu cost results. Andersen (1994, ch. 5; 1995)
addresses this issue in a model with linear demand and cost functions. He
shows that, following a nominal disturbance, a fixed quantity adjustment cost
larger than the fixed price adjustment cost is enough to keep output
unchanged. Since Andersen considers ‘Knightian’ uncertainty (i.e. a shock
occurs although the agents are completely sure that it will not happen), the
unchanged level of output is identical to what would be produced under
complete certainty. Hence, Andersen’s result indicates that output becomes
independent of inflation when quantity adjustment costs are sufficiently large.

In this paper we follow another strand of the literature (see Sheshinski and
Weiss 1977; Kuran 1986; Naish 1986; Danziger 1987, 1988; Konieczny 1990;
and Bénabou and Konieczny 1994), by analysing the case where there is no
uncertainty, but a fully anticipated, constant rate of inflation. We consider the
case where the firm has to commit to a given production plant which puts an
upper limit on production and gives rise to fixed production costs. The
underlying assumption is that it is too costly to adjust the production plant
during a price cycle.? For tractability, we assume in addition that there is no
discounting, a constant elasticity of demand, and constant real unit cost. Under
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these assumptions, we show that some of the results obtained in the menu cost
literature remain valid with a fixed capacity. Thus, the higher the rate of
inflation, the higher is the initial real price and the lower is the terminal real
price (Sheshinski and Weiss 1977). Furthermore, the higher the rate of
inflation, the lower is the average output (Kuran 1986; Naish 1986).°

The market alternates over time between a Keynesian regime, where
production is determined by demand, and a classical regime, where production
is determined by the capacity constraint. We show that the relative time spent
in the Keynesian regime rises with the firm’s monopoly power.

We also use the model to gauge the quantitative importance of frictions in
quantity adjustment by comparing the size of the output loss caused by
inflation with and without a fixed output capacity. For realistic values of the
menu cost, the model suggests that the loss of output resulting from inflation is
several times larger with a fixed output capacity than without. Thus, far from
invalidating the previous finding of a negative output—inflation relationship,
the introduction of a fixed output capacity amplifies the negative consequences
of a price adjustment cost.

I. THE MODEL

We consider a monopolistic firm that produces a non-storable good and has a
time-invariant demand function z;¢, where z, is the real price of the good at
time ¢ and «> 1. The firm faces a fixed price adjustment cost ¢ >0, implying
that the price will not be adjusted continuously. The firm chooses a fixed
production capacity, Y, which is an upper bound on the size of the production.
Owing to the high adjustment cost involved, it is never profitable for the firm
to change its capacity.*

The choice of production capacity gives rise to a fixed cost k¥ at each point
in time, where k>0 is the real cost per unit of capacity. However, we also
assume that the firm produces only what it can sell; that is, the actual output is
min(z; ¢, Y). To simplify matters, we first assume that there is no variable cost
of production. In Section III, we relax this assumption.

The presence of a price adjustment cost together with a fixed capacity
give rise to rationing of either the firm or the consumers. Thus, the firm may
be in a Keynesian regime, where output is determined by demand, Y > z7%,
or in a classical regime, where output is determined by capacity, Y < z7%
Let
Z be the real price at which demand exactly equals the production
capacity; that is, Zz= Y ~'/® The real profit of the firm at time ¢ is
(z;, Y) =z, min(z;, Y)— kY.

The upper curve in Figure 1 illustrates the real profit as a function of the
real price if the production capacity could be adjusted costlessly. In this case
the real profit is z!~® —kz;® which is maximized for the real price
2=ak/(a— 1) and the quantity ¥ =[ak/(a — 1)] . The lower curve shows
the real profit when the firm fixes its production capacity at Y. Profits are
identical only at the real price Z, which yields the maximum of II(z;, Y) for the
capacity level Y, and at the real price k, which yields a real profit of zero in
both cases. Otherwise real profits are always lower with the fixed production
capacity. The real profit becomes zero for a firm with a fixed capacity when
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FIGURE 1. Real profit with and without a fixed output capacity.

z=(kY)/1 =9 whereas the real profit with a variable production capacity is
positive as long as z, > k.

The general price level increases at the constant rate x> 0. Owing to the
price adjustment cost, the firm keeps its nominal price unchanged for a fixed
period of time denoted by 7T, and then increases it to a new level. The initial real
price at the beginning of a period with a constant nominal price is denoted by
S. After 7> 0 of the period has elapsed, the real price has been reduced to
z, =Se ", and as 7 tends to T, the real price converges to the terminal real
price s = Se #T. The length of time from the beginning of the period until the
demand equals the firm’s output capacity is denoted by 7: that is,
z=Se "o T=(1/pn(S/z).>

The firm’s average real profit over a period with a constant nominal price is
given by

V

1 T -

— J [(Se " ,Y)dr—c |,
T 0

which, after substituting for II(-), gives

1 T T _ _
V=— J (Se *y' ~ dr + J Se "Ydr—c | —kY,
0 T

where the first integral is the revenue in the first part of the period where the
firm is rationed by consumer demand, and the second integral is the revenue in
the second part of the period where the firm rations its customers. Integrating
and substituting for 7 and T yield

1 aYl—l/(l_Sl—a

V= —sY —pc | —kY.
In(S/s) a—1

()

© The London School of Economics and Political Science 2002



436 ECONOMICA [AUGUST

The firm chooses S, s and Y in order to maximize V. The first-order conditions
are

) o _ (—=V+S'"2—kY)=0
as S In(S/s) o
3) A [V—(s—k)Y¥Y]=0
ds s In(S/s) ’ -
oV Yl _g
4) —=————k=
oY  In(S/s)

The first two conditions are standard and state that the real profits in the
beginning and end of a period with a constant nominal price equal the average
real profit over the period. If the real profit at the beginning of a period exceeds
(is less than) the average real profit, the firm can increase the average real profit
by increasing (decreasing) the initial real price. Similarly, if the real profit at the
end of a period exceeds (is less than) the average real profit, the firm can
increase the average real profit by decreasing (increasing) the terminal real
price. The third condition is due to the fixed production capacity and may be
rewritten as

zZ—3S8
In(z/s)

where the left-hand side is the marginal gain whereas the right-hand side is the
marginal loss of raising output capacity. A higher output capacity raises
revenue, but only in the part of the period where the firm is not constrained by
consumer demand, that is, only in the classical regime. On the other hand, the
cost of the increased capacity has to be paid throughout the period, that is, in
both the Keynesian and the classical regimes.

(T —T)=kT,

II. THE IMPACT OF INFLATION

If there were no fixed cost of price adjustment, the nominal price would be
adjusted continuously at the rate of inflation. The real price and the output
would always be at their profit-maximizing levels, z and ¥. The first theorem
characterizes the firm’s optimal strategy with a price adjustment cost and a
fixed production capacity, and compares the strategy to the benchmark case
without a price adjustment cost.

Theorem 1.
Q) T/T=1/c. o
(i) s<z<z<Sand Y<Y.

(iii) dS/dy>0, ds/du<0, dz/du>0 and d¥/dyu <O0.

Proof. See the appendix.
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Thus, for all inflation rates the fraction of time spent in the Keynesian
regime equals the inverse of the absolute value of the elasticity of demand,
which is the degree of monopoly power as measured by the Lerner index. A
higher degree of monopoly power makes it profitable to raise the price. Hence,
both the initial and terminal real price increase, which for a given capacity (and
therefore a given Z) increase the relative time spent in the Keynesian regime.
Furthermore, the higher real price in the classical regime increases the marginal
revenue from expanding the output capacity, which by itself tends to increase
the relative time in the Keynesian regime. Although the longer relative time in
the Keynesian regime tends to reduce the gains from expanding the capacity,
and therefore pulls in the opposite direction, the overall result is that a higher
degree of monopoly power increases the relative time in the Keynesian regime.

It is quite intuitive that the real price exceeds its profit-maximizing level in
the beginning of a period with a constant nominal price, i.e. that Z < S, and that
the real price is less than its profit-maximizing level in the end of a period, i.e.
that s < z. Furthermore, the higher the inflation rate, the higher is the initial
real price and the lower is the terminal real price. These results are identical to
what is found in models with a price adjustment cost but no constraint on the
output capacity (see Sheshinski and Weiss 1977).

The fixed output capacity, ¥, and therefore also the actual output during
the entire period, are below the profit-maximizing output level if there were no
price adjustment cost, Y. Moreover, the output capacity decreases with the rate
of inflation.® When the capacity is fixed, the increase in the initial real price
reduces profits to a large extent in the beginning of a period with a constant
nominal price, because the firm cannot accommodate the reduction in demand
in the beginning of a period by reducing its production capacity and thereby its
costs. In isolation, this effect tends to make the firm reduce the output
capacity. However, the lowering of the terminal real price has a large
detrimental effect on the profits in the end of a period, since the firm is unable
to satisfy the extra demand. This effect tends to make the firm increase the
capacity. Theorem 1 shows that, in the case of constant elasticity demand and
constant real unit cost, the first effect dominates and it is optimal for the firm
to reduce the fixed output capacity. Consequently, the capacity falls with
inflation.

Following previous studies, our main interest is the relationship between
inflation and the average output, defined as

_ 1 T - N
Y=— J (Se "y *dr+Y(T-T) |,
T 0

where the first term in the large parentheses is the output sold in the first part
of a period where the firm sells less than its capacity, whereas the second term
is the output sold in the second part of a period where the firm sells as much as
it can produce.

Integrating and substituting T = (1/)In(S/Z) yields

5 e (S/3)~ il In(S/2)

auT uT
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Further substituting S/Z = (S/s)l/ @, which is derived from conditions (2) and
(3), and u7 =1n(S/s) then yields

_ Y 1—s/S
Y=— /
(0%

a—1+
In(S/s)

We can now establish the second theorem.
Theorem 2.

dYy/Y dYy/Y
< <0
dp/p dp/p

Proof. We only need to show that the last term inside the large parentheses in
the expression for Y is decreasing in p. Since we know from Theorem 1 that
S/s is increasing in g, this is equivalent to showing that this last term is
decreasing in S/s. However, this is true since its derivative with respect to S/s
has the same sign as 1 — S/s+ In(S/s), and the latter decreases in S/s and
approaches 0 for S/s— 1. O

Hence, not only does the average output decrease with the rate of inflation,
as does the production capacity, but the negative effect of the rate of inflation
on the average output is proportionally larger than on the output capacity. To
understand this, note from result (i) in Theorem 1 that the firm spends the same
relative time in the Keynesian and classical regimes for all inflation rates. Since
output in the Classical regime falls with the same amount as the production
capacity, Theorem 2 implies that the rise in inflation reduces the average
output in the Keynesian regime proportionally more than the production
capacity. This occurs because the higher inflation makes the firm increase the
initial price (cf. Theorem 1), thereby reducing the demand at all points in time
in the Keynesian regime.

In conclusion, the presence of a quantity adjustment cost does not alter the
result that, with constant elasticity demand and constant real unit cost,
inflation reduces output (see Kuran 1986; Naish 1986).

III. SIMULATIONS WITH A GENERALIZED MODEL

Until now we have assumed that all production costs are fixed. This implies
that the firm cannot reduce its costs by lowering the production below its
capacity. However, it is often the case that firms can save on raw materials and
other inputs by lowering production. Therefore, when we in this section
calibrate the quantitative importance of the capacity constraint on the output—
inflation relationship, we use a generalized framework which permits variable
costs of production. Moreover, the framework enables us to compare the
results with those of the standard model with no constrains on quantity
adjustments, as that model arises as a special case of the generalized model
(when there are only variable costs of production).
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As before, it is assumed that the firm chooses a given production capacity
Y, which determines an upper limit to the size of the production. The capacity
gives rise to a fixed cost equal to k> 0 per unit of capacity. In addition, the
firm faces a variable cost of production equal to kj > 0 per unit of production.
The main difference between these two types of costs is that the fixed cost has
to be paid independently of the size of production, while the firm is able to
reduce the variable cost by producing less than the capacity. It is assumed that
krp+ky>0.

The firm’s average profit over a period with a constant nominal price is
now given by

1 _
V=— J [(Se ) =@ — kpY — ky(Se~+7) "] dr
T Jo

1 (7 - c
+— J (SeiuT—kF—kV)YdT——.
TJr T

Integrating and substituting for T and T yield

1 af}lfl/a_slfa
V+
In(S/s) a—1

Y[a In(S/2) — 1]+ S . ~
k Lo InS/2) ~ 1] —sY —pc | —kY,

[0

where k = kr+ ky is the total unit cost of production and S=ky/k=ky/
(kp + ky) is the share of the variable cost in the total cost. This expression for
the firm’s average profit is identical to (1) if #=0. The first-order conditions
now become

(6) 8—V—¥[—V+S““—kf’+5k(f’—S*°‘)]—0
as S In(S/s) 7
(N ov__1 [V—(s—kY]=0
ds s In(S/s) ’ 7
v—1/a _ %
®) oY s+ pklln S+ (1/a)ln Y]—k:O.

oy In(S/s)

Using the solution to these conditions, it is again possible to derive the average
quantity from equation (5).
Insert Y=z in condition (8) to obtain that

S S
Z—s+PkIn—=kIn—,
z S

according to which z— s as § — 1. By setting z equal to s in the two other first-
order conditions, it is clear that as 3 — 1 the solution converges to the result of
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the standard model without a fixed capacity. Intuitively, when 5 — 1, the cost
of capacity becomes negligible and the firm therefore chooses a sufficiently
high capacity level that it never rations its customers. This implies that the firm
is always in the Keynesian regime and the solution replicates that of the
standard model which features only variable costs of production.

We are now able to simulate the output—inflation relationship using
conditions (6)—(8) and equation (5). In doing so, we measure the loss of output
as a proportion of the frictionless output level, i.e. as 1 — Y/ Y. Moreover, by
manipulating the expressions, it is possible to show that the output loss is
uniquely determined from knowledge of (the absolute value of) the demand
elasticity, «, and of ui), where ¥ = ¢/(z Y) is the menu cost as a proportion of
the firm’s frictionless revenue.

Figure 2 illustrates the results for « =5 and ¢ = 0.7%, which is the menu
cost estimate given by Levy et al. (1997). The lower solid curve shows the
output loss without any fixed cost of production, corresponding to the
standard case without a fixed capacity. The curve confirms the conclusions of
Kuran (1986) and Naish (1986): the loss of output without a capacity
constraint is non-negligible, although not large for moderate inflation rates,
and increases with inflation. For example, the loss is 0.9% for an inflation rate
of 5%, and 2.5% for an inflation rate of 25%. The upper solid curve shows the
loss of output without any variable cost of production, corresponding to our
analysis in Section II. The loss in this situation is several times higher: the loss
of output is 6.2% for an inflation rate of 5%, and 13.9% for an inflation rate
of 25%. The dashed curves illustrate intermediate cases with both fixed and
variable costs of production. The most interesting conclusion from these
simulations is that the quantitative impact of the capacity constraint is
significant even when the fixed cost is only a minor fraction of total cost. For
instance, even if the variable cost is 99% of total cost, the quantitative impact
of the capacity constraint is a doubling of the output loss for an inflation rate

14 A B=0
12 1 .- '-[3—205
< 101 sl
s s .-
5 —-— - =" -
8 - LR
g z " P R =" p=09
T 6 .r" _.--"-_
1 /.- e am T -
2 f ¢ P - =1
O T T T T 1
0 5 10 15 20 25

Inflation rate (%)

FIGURE 2. Loss of output for a =5, ¥ =0.7%, and different values of (.
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TABLE 1
Loss OoF OUTPUT (%) FOR ¥ = 0.7 AND DIFFERENT VALUES OF «, u, AND (3
« 1 £=0 =09 g=1
2 5 2.8 1.5 0.22
25 6.2 3.2 0.64
5 5 6.2 4.1 0.9
25 13.9 9.1 2.5
8 5 10.1 7.3 1.7
25 22.5 16.3 4.95

of 5%. When the variable cost share is lowered, the output loss increases
rapidly. As is clear from Figure 2, the case of 50—50 cost splitting closely
resembles that of only fixed costs of production. Thus, a predetermined
production capacity significantly enlarges the negative consequences of a price
adjustment cost.

Figure 2 can also be used for other sizes of the menu cost, since the losses
depend only on pu-1 for a given «. Simultaneously changing the menu cost by a
factor of v > 0 and the inflation rate by a factor of 1/ leaves the loss of output
unchanged. In terms of Figure 2, halving the menu cost is equivalent to
rescaling the horizontal axis by doubling all inflation rates. Thus, for a menu
cost equal to 0.35% and an inflation rate equal to 10%, the loss of output is
5.9% for =1 and only 0.9% for 5=0.

To examine whether our results are sensitive to the choice of «, we have
calculated the output loss also for &« =2 and a = 8. As shown in Table 1, while
the loss increases with «, it is true for the other values of a as well that the loss
with the capacity constraint is several times higher than the loss without.

IV. CONCLUDING REMARKS

This paper analyses the impact of inflation on the price and production
decisions of a firm that faces a fixed price adjustment cost and has to commit to
a fixed output capacity. Under our specific assumptions, it is shown that, as in
the case of frictions in only price adjustments, the initial real price increases
and the terminal real price decreases with inflation, and the output—inflation
relationship is negative. Moreover, simulations reveal that the fixed output
capacity significantly amplifies the negative impact of inflation on output.

Owing to tractability, we have relied on rather particular assumptions,
which may limit the generality of the results. One assumption is that there is no
discounting, the consequences of which are analysed in Danziger (2001). There,
it is shown that, for a general profit function and low inflation rates,
discounting causes a predetermined output level to be lower than the
frictionless level, thus providing an alternative explanation for a negative
output—inflation relationship.

Another assumption is that the elasticity of demand and the real unit cost
are constant, and other demand and cost functions may lead to a different
result. For instance, simulations with a linear demand and a constant real
unit cost show that it is possible for output to increase with inflation.
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However, this does not change the overall conclusion that a menu cost
matters even when the production capacity is completely fixed because of
large adjustment costs.

APPENDIX: PROOF OF THEOREM 1

Proof of (i)
The time in the Keynesian regime, i.e. where demand is below capacity, as a fraction of
the total length of a time period equals

T 1In(S/2)

T In(S/s)

From conditions (2) and (3), we get S' @ =¥, implying that

s (s\"
s \z)
Inserting this in the above formula gives

Cnf(s/5)°] o

7 InS/z 1
T

Proof of (ii) and (iii)
We start by proving that s<z<S. Conditions (2) and (3) can be written as
V=1II(S, Y)=1I(s, Y). Since a solution must satisfy the second-order conditions
AII(S, Y)/0S <0 and Oll(s, Y)/0s> 0, it follows that s< S. Condition (4) then shows
that s < Z.

From condition (2), we get

—V+ () S—k|Y=0,

and comparing this to condition (3) shows that Z< S. Hence, s<Z < S.
To establish that s < Z, we substitute condition (3) in equation (1) to obtain

N |

1 a?lfl/a _gl-a
In(S/s) a—1

Using condition (4) to substitute for In(S/s) gives

k ai}lfl/a_slfa

Z—s a—1

Conditions (2) and (3) imply that S'~* = s¥, from which it follows that

- ak
—kpe =Y(zZ — ) (S — )
a—1

ak

=s5<

N

a—1
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Now, we derive dS/dpu, ds/du and dz/du. Total differentiation of conditions (2)—(4)
yields

ds 1 Y

e e [F-a(s—k
du D zIn(S/s) [~ ats — &),

ds 1 S

e B-_—aG—k
dp D ZIn(S/s) - aG= 0L

dz 1 S

—=———[s—a(s — k)],
du D sIn(S/s) [ ( )
where D is the Hessian determinant, which is negative because of the second-order
condition. It follows from s < Z that dz/du > 0. For . — 0, it follows from the first-order
conditions that Z— Z, implying that Z > Z. Hence it has been proved that s<Z<zZ< S
and dz/dp > 0.

From Z>Z it follows that dS/du>0 and ds/du<0. Finally, 2> 2 and dzZ/du>0
imply that Y<Y and dY/dp<0. O
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NOTES

1. See Akerlof and Yellen (1985), Mankiw (1985), Parkin (1986), Blanchard and Kiyotaki (1987)
and Ball and Romer (1989, 1990).

2. Similarly, in Danziger (2001) the existence of a fixed quantity adjustment cost forces the firm to
choose a constant permanent level of production. In Fluet and Phaneuf (1997) random demand
shocks influence a firm’s choice of technique.

3. The negative relationship between average output and inflation in Kuran (1986) and Naish
(1986) depends on the absence of discounting and the specific functional assumptions.
Danziger (1988) shows that, with discounting, small inflation rates always lift the average
output above the static monopoly output. Konieczny (1990) and Bénabou and Konieczny
(1994) consider general profit and demand functions, and show that the relationship between
average output and inflation depends on the shapes of these functions. Furthermore, Bénabou
and Konieczny provide a complete characterization of the relationship between average output
and inflation for small inflation rates and small menu costs, and they give examples where the
relationship is positive.

4. A sufficient condition is that the cost of adjusting the capacity is at least as high as the price
adjustment cost. For the case of a fixed cost of quantity adjustment, Danziger (2001, n. 9)
argues that this can be seen by assuming ‘that the firm incurs only a single adjustment cost if
the price and the quantity are adjusted simultaneously. It is then optimal for the firm to choose
the same quantity at each adjustment, that is, the firm adjusts the price but never the quantity.
Since it would have been costless to also adjust the quantity, it follows that with a separate cost
of quantity adjustment at least equal to the cost of price adjustment, the firm chooses to adjust
only its price and never its quantity.” The present case of a cost of adjusting the capacity is
identical to the case of a fixed cost of quantity adjustment if there is no variable cost of
production. A positive variable cost of production makes an adjustment of the capacity even
less attractive. R

5. Here we presume that Z € (s, S), or equivalently, that 7€ (0, 7). Theorem 1 shows that the
solution satisfies this condition. .

6. In the case of deflation, the output capacity is also less than Y and decreases with deflation. To
grasp the intuition for this, note that with deflation in the firm starts with a low real price and
ends with a high real price, i.e. in Figure 1 moves in the opposite direction from that in the case
of inflation. However, since there is no discounting, it does not matter for the firm whether it
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starts with the high or low real price. Accordingly, if the general price level decreases at the rate
of —pu <0, the initial (terminal) real price would equal the terminal (initial) real price for the
case where the general price level increases at the rate of u, and the output capacity would be
the same as in the case where the general price level increases at the rate of p.
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