                                                      I am grat eful to T orben M. Andersen and Jan Rose Sørensen for useful comments and suggestions, and

                                                  *

to Philipp Schröder for helpful and clarifying discussions.

                                                       Quantity Adjustment Costs and Price Rigidity

Per Svejstrup Hansen
*

University of Aarhus

Department of Economics

Universitetsparken, building 350

DK-8000 Aarhus C

Denmark

Phone (direct): +45 89 42 15 83

                                                Fax:                 +45 86 13 63 34

                                                E-mail:     phansen@eco.aau.dk

14.10.1996

Abstract

It is bynow  well known that the presence of small lump sum costs of adjusting prices can lead

to  nomina l price rigidity. However, the argument of adjustment costs could equally well b e

applied to quantities,  thereby leading to rigid quantites. This paper examines the importance of

adjustment costs on both prices and quantites in a dynamic monopolymodel, where the firm has

to decide whether it uses price or quantityor both as the adjustment mechanism to shoc ks which

can  be permanent or temporary. It is shown that there is more downward rigidity than upward,

and  t hat this asymmetry is enhanced when the quantity adjustment costs consist of linea r

ad justment  costs on top of the lump-sum. Furthermore, prices seem to bear a relatively large r

proportion  of the adjustment burden when the shock is `large´, and vice versa for quantities whe n

the shock is `small´. Finally, the firm may be rationed even when adjustment is carried out.

Keywords:  Adjustment costs, price rigidity, rationing

JEL : E32

1) INTRODUCTION

In recent years a widespread explanation for price rigidityhas b een lump-sum costs of changing
nominal prices, t he socalled menu costs. As the name suggests these costs are considered to be
sm al l ,  but  sh own to have real effects in  Mankiw (1985) and Blanchard and Kiyotaki (1987 )
am ong  ot hers. The key point is that the loss of not adjusting prices to a given shock is only o f
secon d  order smallness for the individual agent, whereas the aggregate effect is of first order .

This also indicates that because it is not optimal for the single price setter to change its pri ce, the
price level maybe rigid, and the shock (for instance a demand s hock) may affect output causing
real  effect s on welfare. The welfare consequenses of menu costs have been dealt with quit e
extensively. For an thorough and very good overview see Andersen (1994).

However,  t he effect on output might be an implication of there being no adjustment costs o n
quantities.  If there were costs associated with changing quantities, output might not respond to
a  (demand) shock. Therefore, there is a bias against not adjusting prices in the menu cost models ,
as onlyprice adjustment is th ought to be costly. Hence it seems of vital importance to integrate
both pr ice and quantity adjustment costs, since it is by no means obvious at all that adjustment
costs  on quantities should be zero. Surprisingly, this has received almost no attention in literatur e
with  Andersen (1995) as the only exception, to my knowledge. He demonstrates how a singl e
firm  will choose optimally between adjusting either the price or the quantity or both in a static
model  withlump-sumcostsofadjustingboththepriceandthequantity. It turns out that the mod e
of  adj ust m e nt is not just the trivial one that bears the lowest costs of adjustment,  othe r
interesting implications emerge as well, such as rationing and asymmetric adjustment to positi ve
and negative shocks.

                                                          The effects of different adjustment cost fun ctions on quantities have been dealt with quite extensively in

                                                  1

the investment and labour economics literature. See e.g Nickell (1986), Abel (1990).

However, in Andersen (1995) the adjustment costs for quantities are onlyo f a lump-sum nature.

This appears odd in the context of quantities. I f for instance, you need to increase production, it

seems  natura l that the costs of doing so increases with the size of production in excess of th e

ord inary  marginal costs . For instance, over-time payment to the employees or new capita l

1

acquisition  if you initiallywere at maximum capacity. Thus, in this paper the model byAnderse n

(1995)  is extended byincorporatingquantityadjustment costs that have both a linear and a lump -

su m  component. Furthermore, the model is dynamic, allowing for an analysis of the firm´ s

response  to both permanent and transitory shocks. These extensions alternate the conclusion s

reached in Andersen (1995) concerning the mode of adjustment. One of the major new insights

from incorporating li near adjustment costs is that prices seem to bear a relatively larger burden

of adjustment when the sho ck is `large´, and quantities a relatively larger share when the shock

is  `small´. This has the important implication that for small shocks prices are sticky and th e

nominal  rigidit y has real effects; and this effect is an even larger effect than in the traditiona l

menu  cost  models. Furthermore, the dynamic aspect contributes to interesting finding s

concerning the mode of adjustme nt. In particular, it will be demonstrated that even if it is more

costly  to adjust quantities, price rigidity may still be observed. Also, if the quantity adjustment

cost s  involve a linear component on top of the lump-sum costs, price rigidity becomes mor e

pronounced,  even though price changes are now relatively cheaper. Thus, some of the critique

levelled a t the traditional menu costs models saying that there is an inherited bias against price

stickiness, may in some cases not be justified.

These features relating to the dynamic aspect of the present paper, does byassumptio n not occur

p

a

�

bc

2 b

q

a
bc

2

in Andersen (1995). Howe ver, the important findings concerning rationing and the asymmetric
adjustment to positive and negative shocks remain.

The paper is organised as follows. In section 2 the basic model i s set up. In section 3 we discuss
the  case of a permanent shock, in order to be able to study effects that pertain to the cost structur e
and  not necessarilyto the model being dynamic. Then we proceed to the dynamic case in sectio n

4 where a temporarysh ock is considered. Finally section 5 concludes and discusses limitations
of the results obtained.

2) THE MODEL

Consider  a monopolist producing subject to fixed marginal costs c and facing a linear demand
curve given as d(p) = a - bp. The profit maximising price and quantity is:

Now  as sume that there is a shock to demand u, after the firm has decided on its price an d
production (¯ p , ¯ q ). The demand shock is comple tely unanticipated when hitting the economy but
fully  known ex post (Knightean uncertainty). After observing this shock the monopolist might
want to alter  either its price, its quantity, both, or leaving both unchanged. There are, however,
costs associated with adjusting . The price adjustment costs are assumed to be lump-sum and of
size
                              �

                                         while the quantity adjustment costs consist of both a linear and a lump-sum part. Thes e
costs  are given by k # |q-q ¯ | +
�

, where k is a constant. We will impose the restriction k < c. This
implies  that the marginal adjustment cost is less than the marginal production cost which a prior i

                                                           T his is only true if the discount factor is constant. T his is certainly going to be correct in this paper, as

                                                  2

there for simplicity is no discounting at all.

                                                        T he appendix is available from the author upon request

                                                  3
seems like a reasonable assumption.

The  fir m maximises the present discounted value of profits taking into account the deman d

shock,  when it is costly to adjust both the price and the quantity. If the shock is transitory, it is

assumed to occur at the beginning of  period one and onlylasting  for that period. This allows us

without anyloss of generalityto consider onlytwo pe riods, as the second period can be thought

of  as the present discounted value of future profits from period one . We will however, start wit h

2

a permanent shock as this allows us to spell out some general results independent of the shock

being permanent or transitory.

3) A PERMANENT DEMAND SHOCK

Consider a permanent shock. Since it byassumption is completelyunanticipated and permane nt,

it  suffices to analyse only one period because all future periods can be condensed into a single

period. The new demand function is d(p) = a - bp + u, where u represents shifts in demand. The

firm has four strategies  pertaining to this new demand situation. Either adjusting both the price

and  the quantity (AA), adjusting the price leaving the quantity unchanged (AD), adjusting th e

quantityleaving the price unchanged (DA), or keeping both t he price and the quantity fixed at ¯ p

an d  q̄  which it has inherited from previous periods (DD). To each of these strategies is a n

associated profit which is calculated in the appendix .3

                                                                                           ( 2 a ) p
AA

a

�
u

�
b ( c

�
k )

2 b

q
AA

a

�
u
b ( c

�
k )

2

                                                                                                   ( 2 b ) p
AA

a

�
u

�
bc
bk

2 b

q
AA

a

�
u
bc

�
bk

2

$ AA

( a

�
u
b ( c

�
k ) ) ( a

�
u
bc

�
bk )

4 b

k

(  u
bk )

2

�

�

( 3 ) p �

a

�
u

�
bc

2 b

q �

a

�
u
bc

2

In  th is section we will merely show a few calculations in order to emphasise some results tha t
stem  fr om the adjustment cost structure and do not relate to the dynamic aspect. In that way i t
is possible to separate the contributions from this paper, without being to repetitious.

The general profit maximisation problem after the shock has occured now reads:

                                                  (1) max 1/b(a - q + u)q - cq - k # q - q ¯   - �  - �

                q

From the FOC we obtain the profit maximising price and quantity, p  and q :AA AA
u > 0
u < 0
with the following profit in both cases:

It  is useful to compare this to the maximisation outcome in the case where there is no linea r
adjustment cost component (k=0 in (1)). This yields

Comparing  (2a,b) with (3) we observe p  > p  and q < q  for u > 0 and vice versa for u < 0.
AA * AA *

                                                        T his result generalises with convex adjustment costs as well.

                                                  4

Thi s  implies that the linear adjustment cost part on quantities tends to reduce the profi t

max imising  output and increase the price, relative to the lump-sum cost case. The intuition i s

4

clear. Assume that th e lump-sum costs on prices are not prohibitive. Then, if it does not matter

how  much you change the price, but matter how much you change the quantity, then it i s

obviously cheaper to change prices a lot relative to changing quantities.

In  order to demonstrate how rationing might emerge in this kind of model, the maximisatio n

problem  for the strategy where neither the price nor the quantity is adjusted, is shown below .

Consider  the case where a positive shock hits the economy(u > 0). If the price is kept unchange d

then  p  = p ¯  and actual sales is q ¯ . Even though the monopolist could produce more to the new

                                         DD

impr oved  demand conditions, he does not, due to the adjustment costs. Hence, consumers ar e

rationed  due to insufficient supply(Classical regime). Profit is then:

$
 = (p ¯ -c)q ¯ . If instead ther e

DD

is  a negative shock (u < 0) and p  = p ¯ , then actual sales is y = (a - bc - 2u)/2 whereas productio n

DD

is  still given byq ¯ . In this case the firm is rationed due to insufficient demand (Keynesian regime) .

Here  the profi t is

$
 = py - cq ¯ . So extending the traditional menu cost models allowing fo r

DD

costly  quantity adjustment, provides a rationale for rationing. The case for rationing will onl y

exist for small shocks though, as will be demonstrated below, sinc e the strategy of keeping both

the  price and t he quantity fixed cannot be an equilibrium mode of adjustment if the shock i s

large,  as th e costs of not adjusting become too large, then. This has the significant polic y

implicat ion  that if demand management is pursued, it should be sizeable stimuli to demand .

Otherwise, it might cause rationing on either side of the market.

From  t his analysis it should be evident that the specific cost structure in Andersen (1995 )
accou nts  for many of his results. However, just an infinitesimal amount of lumpiness in th e
quantity  adjustment costs is sufficient to restore manyof the Keynesian features. Let us now tur n
to the dynamic aspect and investigate what this gives of new insights to the analysis.

4) EQUILIBRIUM MODE OF ADJUSTMENT FOR A TEMPORARY SHOCK

Now t he previously unanticipated, but known to be temporary, shock hits demand, changing it
to  d(p) = a - bp + u in period 1 whereas it in period 2 is known to be d(p) = a - bp again. Now th e
firm has to decide whether it wants to change its price, its quantity, neither o r both in period one
and  the n if it wants to change them back again in period 2. The monopolist has the same fou r
differe nt  strategies in period one as it had in the permanent case. That is, it can chose (AA) ,

(AD), (DA) or (DD). To each of these period on e strategies correspond period two strategies. If
the firm has chosen to adjust both its choice variables, it then again faces the same four different
alternatives in period 2, as it had at the beginnig of period one. If it has decided only  to adjust its
price,  then i n period two the monopolist has three modes of adjustment: readjusting the price ,
leaving the price un changed and instead adjust the quantity, or doing nothing. Similarly for the
case  where onlythe quantityis adjusted in period one. Finally, if the firm did not adjust in perio d
one , it i s not going to do so in period two either. This gives us the following eleven strategies,
where  A denotes adjust, D denotes don´t adjust, and the first character is for the price, the secon d
for the quantity.

                   Period 1        Period 2

        p   q            p q

A A

 A A         A D

                                                                                                        D A

                           D D

                           A D

  A D         D A

                           D D

                           D A

       D A         A D

                           D D

                                                  D D         D D

The profit functions to each of the eleven different strategie s are calculated in the appendix. For

ease  of ex p osition and comparability amongst strategies in this section, the discount factor i s

assumed identicallyequal to one, without anyloss of generalityas long as we were to work with

a constant discount factor. Each of the profit functions depends on the parameters in t he demand

function,  the c ost functions, and the size of the shock. That is $  = $ (a,b,c,k, � , � ,u). This ca n

easily  get cumbersome without anyrestrictions on parameters and alongthe way some restrictio n

are made. Naturally, these restrictions d iminish the generality of the results, but from the outset

it  is  hard to have strong opinions on different parameter constellations, and the configuration s

chosen bring out the possible mod e of adjustment which can arise. The proofs of all statements

and  re sults are shown in the appendix. In the following, only the results and intuition wil b e

stated. We wil consider three scenarios s tarting with a direct extension of Andersen (1995) into

a  dynamic m odel. That is k = 0. We then proceed to the opposite case, so to say, where

�
 = 0 ,

while  k > 0, and finally we consider the more general case where we assume

�
 =

�
 > 0, k > 0 .

The symmetry requirement concerning

�
 and

�
 is not essential as will be demonstrated later.

CASE I: ONLY LUMP-SUM COSTS ON BOTH PRICES AND QUANTITES (k = 0)

Result 1

Assume k = 0,
                                                                                                   �

                                                                                                             =
�

 > 0, a > 5bc

                                                  If �  < 2bc   then the mode of adjustment is:
                                                                                                                      2

                                                  If �  > 2bc  then the mode of adjustment is:
                                                                                                                      2

The strategies AD AD and DA DA are identical up to the adjustment costs

This result is an extension of the static model of  Andersen (1995) into a dynamic, and therefore
it clearlyspells out the importance of making the m odel dynamic. However, some of the results
rem ai n  the same. In particular, that adjusting prices or quantities have the same profi t
con sequences  up to the adjustment costs, when symmetric strategies are considered. As in hi s
model we also  choose one of the strategies as a  single dominant mode, noticing that which one
it is depends on the relative adjustment costs. Here we choose AD AD.

W hat  we l earn from extending the model from the static to the dynamic case, is that man y
strategies can be ruled out as equilibrium modes of adjustment. We observe essentia lly the same
adj u stment  modes when it is taken into account that this is a two period model. However, an d
importantly, the mode of adjustment where onlythe quantity  is changed in the first period, is an
equilibrium when de mand is sufficiently high (a > 5bc). If demand were less such that a < 5bc,

then DA DD is no longer a possibility, and the zone of ina ction would increase compared to the

si tuation where a > 5bc. If the shock is negative, DA DD is not an equilibrium strategy, either.

This  is can be seen by examining what would happen if it did not adjust. Then in period one ,

there would be a loss of c(q ¯  - q ) since the firm would produce too much. In period two there

1

DA

would be a gain of not adjusting of p ¯ (q ¯  - q ). Since p ¯  > c, doing nothing is more profitable  than

1

DA

the strategy DA DD when the shock is negative.

As  we saw in the previous section, rationing emerges for small shocks where neither the pric e

nor  the quantityis changed. Result 1 shows that rationing can also prevail even when adjustmen t

is  carried out. The strategy DA DD implies rationing in the second period for the firm. It ha s

committe d  itself to too high a production relative to the second period price. Hence, there i s

insufficient demand (Keynesian regime).

That  DA DD  is an equilibrium mode of adjustment turns out not to depend critically on th e

assumption of equal adjustment costs for prices and qua ntities. It can be shown that as long

�
 is

not  much  larger than � , DA DD is still an equilibrium. Hence, the conclusion reached b y

Andersen (1995):~if costs of changing prices are larger than changing quantites ( �  > � ), the case

of  keepingthepricefixed and lettingquantities bear the burden of adjustment will never appear~ ;

is not a  valid statement here. The int uition is that by pursuing the strategy DA DD the firm has

the  period two profit maximising price and actual sales are the profit maximising quantity. It jus t

has  too large a production in period two compared to actual sales. If the firm were to use th e

same  stra tegy with price adjustment instead (AD DD), it would perceive a greater profit loss ,

since  it would still have too high a production and furthermore a price that is not period tw o

profit maximising. So even if it is more expensive to change the quantitythan the price, q uantity

adjustment might still be observed if the shock is not too large and positive.

W e  note tha t the asymmetry between positive and negative shocks, causing more downwar d
rigiditythan upward, carries over to the dynamic setting. It can be shown that  it requires a larger
negative  than positive shock (in absolute value) for the strategy AD AD to be an equilibrium .

Hence  prices are more downward inflexible than upward. This rigidityis much more pronounce d
when  the lump- sum adjustment costs are relatively high (

�

 > 2bc ), as AD AD is never a n
2
equilibrium for  negative shocks. It should also be pointed out that the zone of no adjustment is
in itself asymmetric.

CASE II: NO LUMP-SUM COSTS IN QUANTITY ADJUSTMENT (

�

 = 0)

Result 2

Assume � =0, a > 5bc, k < c/2.

                                                  i) if �  �  [3/8bk  ; bk ]  then the mode of adjustment is:
2 2

                                                  ii) if �  �  ] bk  ; 3bk ]  then the mode of adjustment is
2 2

Result  2 has some veryinteresting implications. We alreadyknow from section 3 that if the cost s
of  adjusting quantities are of linear form, there will always be adjustment of some form to any

strictlypositive or negative shock. Furth ermore, for small shocks the mode of  adjustment is by

quan tities  whereas it for larger shocks is by prices. If the shock is large enough, we observ e

changes in both price and quantity. What causes this asymmetry between adjustment by means

of quantities or prices is of course the linear adjustment costs on quantities. For small shocks it

is  c heaper to use quantitities as the adjustment mechanism, whereas for a large shock the fir m

has to paymuch mor e to change the quantity, since it is per unit, compared to price adjustment

which is lump-sum.

Which of the two  equilibrium strategyprofiles ( i) or ii)) that prevails depends on the size of the

price  adjustment costs. If these are relativelysmall ( �  �  [3/8bk  ; bk ]), we encounter the strateg y

2 2

AA  AA in b etween adjusting either the quantity or the price. This may be difficult to explai n

intuitively, but part of the explanation is due to the menu costs  beeing small relative to situation

ii),  sincetherangeofshocksthatmakesDA DA an equilibrium strategyin situation i) is less tha n

the range of shocks  for which it is an equi librium strategy in situation ii). Hence it is profitable

to use AA AA for relativelysmall shoc ks when the price adjutment costs are relatively modest.

Of  course i f the shock is sufficiently large there is full adjustment, i.e adjustment of both th e

price  and  the quantity, if the adjustment costs are not prohibitive. The reason for this peculia r

adjustment pattern can be seen from the figure below, where the profit profiles are dr awn for the

involved  strategies. Since DA DA and AD AD are linear with different intercepts and slopes an d

AA  AA is quadratic, the situation depicted below is a possibility depending on AA AA´ s

intercept with the y-axis.

Fig.1 illustration of result 2 i)

It should also be noticed that if
�

 < 3/8bk  then AA AA is not an equilibrium anylonger, an d we
2
hav e  the adjustment mode corresponding to result 2 i) without AA AA. In this case the uni t
quantityadjustment cost is high relative to the menu costs, so the monopolist will only use price
adjustm ent  even though the shock is large. To observe
�

 >3bk  is not likely if the pric e
2
adjustment  costs are to be small, as they are usually thought to be. For k=c and middle size s
de mand(a=6bc)  it would require �  to be a bit less than 20% of initial profit. That is not likely .

Last but not least; the boundaries between the different strategies are symm etric for positive and
negative  shocks. A feature we know from section 3 does not relate specifically to the dynamic
struc ture  but the cost structure. So the findings in Andersen (1995) showing more downwar d
inflexibility are mitigated in this case including only linear adjustment costs.

In result 2 it was assumed that  k < c/2. If c/2 �  k < c then result 2 differs in merely one respect;

the strategyDA DA is no longer viable for negative shocks, and this strate gy should be replaced
by  ^DD DD~, indicating that there is no adjustment for small negative shocks. The intuition is
clear.  Pursuing the strategy DA DA the firm adjusts back and forth and pays adjustment cost s
both  ways. If it did not adjust, it would have to pay the marginal costs c per unit for too high a
production.  By adjusting the firm invokes the linear adjustment costs in both directions, that is

                                                        If �  < 3/16bk  then AA AA is not an equilibrium since the linear quantity adjustment costs are larg e

                                                  7

2

relative to the menu costs. Hence it becomes to expensive to use quantities at all.

2k  per unit. S inc e k > c/2 this is more expensive than doing nothing. Then it also follows tha t

symmetryis broken. Fo r small shocks there is more downward inflexibility than upward, but it

is  in q uantities not in prices that this asymmetry occurs. However, prices are also rigid. Th e

rigidity  isjust symmetric,sinceencounteringthestrategyADADrequiresan equal sized positiv e

or negative demand shock.

CASE III: LUMP-SUM AND LINEAR COSTS  (

�
 =

�
 > 0, k > 0)

Result 3

Assume

                                                       �
                                                                  =

                                                                                    �
                                                                                              > 0, and

�
 �  [3/16bk  ;

�
¯ ] , 0 < k < c

2

                                                  if 5bc < a < 5bc + 4bk, then the mode of adjustment is

        if a > 5bc + 4bk, then the mode of adjustment is

Where

                                               �
                                               ¯   is the upper level that still permits positive profits when adjusting 7

The above result is a combination of the two previous and it enables us to study the effect of the

cost  structure in a dynamic setting. Let us first notice that we never observe quantities as th e

single adjustment mode if demand is relativelylow. This is of course  due to the assumption that

it  i s more expensive to change the quantity than the price, we might still observe quantit y
adjustment.  This is in stark contrast to the conclusions reached byAndersen (1995). ii) Rationin g
can  also be an issue when adjustment is actuallycarried out, and not only for small shocks wher e
there is total inaction. iii) The asymmetric adjustment behavi our to positive and negative shock,
creating  more downward inflexibility than upward, survives in the dynamic model. It does not
even  carr y over, it is strengthened. In result 3 it was shown that when the costs of changin g
qua ntities  increase (inclusion of the linear cost term), prices become more rigid. Hence ,
introducing  quantity adjustment costs does not necessarily lead to prices being more flexible .

Ins tead  the price rigidity can become more distinct. This indicates, that the critique levelled a t
the  tra ditional menu cost models, saying that there is a bias against quantity adjustment, is, i n
some cases,  not vindicated by inclusion of quantity adjustment costs.

However,  this model is carried out with a linear demand function and it would useful to examin e
whether  the findings carry over with more general demand specifications. We do not have any
suspicions  why they should not. Finally the generality of the conclusions would be greatl y
improved, if theycontinue to hold for anticipated shocks as well, such that the fir m can adapt its
price and output decisions to eve nts known to come. A conjecture is that it does not change the
results.  The  same modes of adjustment will still be optimal, since the firm does not have a n
incentive  to smooth the adjustment because there is no convexity in the cost structure. If ther e
was  some convexity it is likely to change the findings. Also an interesting topic for futur e
research.

References

Abel, A. B.,  1990, Consumption and Investment, in B. Friedman and F. Hahn, eds., Handbook

of Monetary Economics, (North-Holland: New York)

Andersen, T.M.,1994, PriceRigidity.CausesandMacroeconomicImplications(ClarendonPres s

Oxford)

Andersen, T.M.,  1995, Adjustment costs and price and quantityadjustment,  Economi cs Letters

47, 343-349

Bl anchard,  O. and N. Kiyotaki, 1987, Monopolistic Competition and the Effects of Aggregat e

Demand, American Economic Review 77, 4, 647-666

Mankiw,  G.,  1985, Small menu costs and large business cycles. A macroeconomic model o f

monopoly, Quarterly Journal of Economics 100, 2, 529-539

Nickell  S.J.,1986,DynamicModels of Labour Demand,  in O. Ashenfelter and R. Layard., eds. ,

Handbook of Labor Economics, (Nort-Holland: Amsterdam)

Tsiddon, D., 1991, On the stub bornness of sticky prices, International Economic Review 32, 1,

69-75

                                                                                        p

a

�
bc

2 b

q

a
bc

2

                                                                                       p

                                                                                                  AA

                                                                                               1 �

a

�
u

�
b ( c

�
k )

2 b

q

AA

1 �

a

�
u
b ( c

�
k )

2

                                                                                               p

                                                                                                          AA

                                                                                                        1

a

�
u

�
bc
bk

2 b

q

AA

1

a

�
u
bc

�
bk

2

                                                                                     $

                                                                                                 AA

                                                                                                 1 j

( a

�
u
b ( c

�
k ) ) ( a

�
u
bc

�
bk )

4 b

k

(  u
bk )

2

�

�

APPENDIX

THE PROFIT FUNCTIONS

The  monopolist maximises its two period profit, where it for simplicity and without loss o f
ge nerality is assumed that the discount factor is identically equal to unity. The firm maximises
profits for each period, taking the period one strategyas given when it maximises its period two
pr ofit.  Let us consider each period at a time, starting with period one. Subscripts i=1,2 denot e
periods and j=+,- denote whether the shock is positive or negative. The initia l price and quantity
is given by:

Period 1 (A A)

From p.4 we obtain
u > 0
u < 0
with the following profit in both cases:

                                                                                     $

                                                                                                 AD

                                                                                                 1 j

(
a
�
bc
�

2 u

2 b
c ) (
a
bc

2

)

�

                                                                                     $

                                                                                                 DA

                                                                                                 1 j

(
a
�
bc

2 b
c ) (
a
bc
�

2 u

2

)
k | u |

�

                                                                                     $

                                                                                                 DD

                                                                                                 1
                                                                                                      �

(
a
�
bc

2 b
c ) (
a
bc

2

)

                                                                                     $

                                                                                                 DD

                                                                                                 1

(
a
�
bc

2 b

) (
a
bc
�

2 u

2

)
c (
a
bc

2

)
period 1 (A D)

This is independent of u.

q  = q ¯  and p  = (a + bc + 2u)/2b

        1 1

period 1 (D A)

This is independent of u.

p  = p¯

        1

W ith  respect to q  we need to be a bit careful. By inserting p ¯  into the demand function, th e

                                                                                                                        1

maximum  that can be sold is q^  = (a-bc+2u)/2. Only if p ¯  > (c + k) will q ^  be sold, if the shock is

positive. We will assume this to be the cas e. If the shock is negative, clearly the firm would not

adjust any further than q ^ . This gives the following profit:

period 1 ( D D)

This is derived on p.4 and 5. The two profit functions are:

Now  we turn to  period two, and consider the different strategies given the strategy chosen i n

period one.

                                                                                         $

                                                                                                     AA AA

                                                                                                     2 j

(

a

�
bc

2 b

c ) (

a
bc

2

)
k (

| u |
bk

2

)
�

�

                                                                                         $

                                                                                                     AA AD

                                                                                                     2 �

(

a
u

�
b ( c

�
k )

2 b

c ) (

a

�
u
b ( c

�
k )

2

)
�

                                                                                         $

                                                                                                     AA AD

                                                                                                     2

(

a
u

�
bc
bk

2 b

c ) (

a

�
u
bc

�
bk

2

)
�

                                                                                       $

                                                                                                   AA DA

                                                                                                   2 �

(

a

�
u

�
b ( c

�
k )

2 b

c ) (

a
u
b ( c

�
k )

2

)
ku
�

                                                                                           $

                                                                                                       AA DA

                                                                                                       2

(

a

�
u

�
bc
bk

2 b

c ) (

a
u
bc

�
bk

2

)

�
ku
�

period 2 (A A), given period 1 ( A A)
p p̄  and q = q¯

        2 = 2
period 2 (A D), given period 1 (A A)
q  = q  and p  = (a-u+b(c+k))/2b

        2 1 2
period 2 (D A), given period 1 (A A)
p  = p

        2 1

For a positive shock the price is too high relative to demand so t he maximum that can be sold is
q  = (a-u-b(c+k))/2 and this will be done if p  > (c+k) which we assume. If the shock is ne gative,

        2 2
the price is too low relative to demand and there is no problem in selling q .

2

                                                                                        $

                                                                                                    AA DD

                                                                                                    2 �

(
a
�
u
�
b ( c
�
k )

2 b

) (
a
u
b ( c
�
k )

2

)
c (
a
�
u
b ( c
�
k )

2

)

                                                                                         $

                                                                                                     AA DD

                                                                                                     2

(
a
�
u
�
bc
bk

2 b
c ) (
a
�
u
bc
�
bk

2

)

                                                                                     $

                                                                                                 AD AD

                                                                                                 2 j

(
a
�
bc

2 b
c ) (
a
bc

2

)

�

                                                                                     $

                                                                                                 AD DA

                                                                                                 2 j

(
a
�
bc
�

2 u

2 b
c ) (
a
bc

2 u

2

)
k | u |

�

                                                                                        $

                                                                                                    AD DD

                                                                                                    2
                                                                                                         �

(
a
�

2 u
�
bc

2 b

) (
a

2 u
bc

2

)
c (
a
bc

2

)

Period 2 (D D), given period 1 (A A)

p  = p  and q  = q

        2 1 2 1

If  t he shock was positive actual sales is q ^  = (a-u-b(c+k)) < q  so that there is too high a

2

production relative to demand. If he shock was negative there is no problem in selling q .

2

Period 2 (A D), given period 1 (A D)

q  = q  = q ¯  and p  = p̄

        2 1 2

period 2 (D A), given period 1 (A D)

p  = p  and q  = (a-bc-2u)/2

        2 1 2

period 2 (D D), given period 1 ( A D)

q  = q  = q ¯  and p  = p

        2 1 2 1

Again,  i f the shock was positive the firm´s sale is less than its production, whereas there is n o

problem for the firm if the shock was negative. The consumers are rationed, though.

                                                                                             $

                                                                                                         AD DD

                                                                                                         2

(

a

�
2 u

�
bc

2 b

c ) (

a
bc

2

)

                                                                                     $

                                                                                                 DA DA

                                                                                                 2 j

(

a

�
bc

2 b

c ) (

a
bc

2

)
k | u |
�

                                                                                     $

                                                                                                 DA AD

                                                                                                 2 j

(

a

�
bc

2 u

2 b

c ) (

a
bc

�
2 u

2

)
�

                                                                                         $

                                                                                                     DA DD

                                                                                                     2

(

a

�
bc

2 b

c ) (

a
bc

�
2 u

2

)

                                                                                        $

                                                                                                    DA DD

                                                                                                    2 �

(

a

�
bc

2 b

) (

a
bc

2

)
c (

a
bc

�
2 u

2

)

                                                                                 $

                                                                                             DD DD

                                                                                             2 j

(

a

�
bc

2 b

c ) (

a
bc

2

)

period 2 (D A), given period 1 (D A)
p  = p  = p̄  and q  =  q¯

        2 1  2
period 2 (A D), given period 1 (D A)
q  = q  and p  = (a+bc-2u)/2b

        2 1 2
period 2 (D D), given period 1 (D A)
p  = p  = p̄  and q  = (a-bc+2u)/2

        2 1  2

Again,  the firm is rationed if the shock is positive and the consumers are rationed if the shoc k
is negative.

period 2 (D D), given period 1 (D D)
p  = p  = p̄  and q  = q  = q ¯

        2 1  2 1

No w,  the total profit consists of the two single period profits added together. Doing this an d

co nsidering  profits net of the strategy DD DD, we obtain the following profit function s

expressing whenever the particular strategy is optimal compared to doing nothing.

u > 0

Strategy profits

AD DD -4u + u(2a - 6bc) - 4b

�
2

DA DD    u(2a - 6bc - 4bk) - 4b

�

AA DD    u(2a -6bc -4bk) - 4b(

�
 +

�
)

AD AD    u(2a - 2bc) - 8b

�

AD DA -4u  + u(2a - 6bc - 4bk) - 4b(

�
 +

�
)

2

DA DA    u(2a - 2bc - 8bk) - 8b

�

DA AD -4u  + u(2a - 6bc - 4bk) - 4b(

�
 +

�
)

2

AA AD    u(2a - 2bc) - 4b(2

�
 +

�
)

AA DA    u(2a - 2bc - 8bk) - 4b(

�
 + 2

�
)

AA AA u  + u(2a - 2bc - 4bk) + 3(bk)  - 8b(

�
 +

�
)

2 2

u < 0

AD DD    u(2a - 6bc) - 4b

�

DA DD    u(2a - 6bc + 4bk) - 4b

�

AA DD 2u + u(2a - 6bc + 2bk) - 4b(

�
 +

�
)

2

AD AD    u(-4bc) - 8b

�

AD DA -4u  + u(-8bc + 4bk) - 4b(

�
 +

�
)

2

DA DA    u(-4bc + 8bk) - 8b

�

DA AD -4u  + u(-8bc + 4bk) - 4b(

�
 +

�
)

2

AA AD    u(-4bc) - 4b(2

�
 +

�
)

AA DA    u(-4bc + 8bk) - 4b(

�
 + 2

�
)

AA AA u + u(-4bc + 4bk) + 3(bk) - 8b(

�
 +

�
)

2 2

AA AA

AD AD

DA DA

                                                                                                         3bk

                                                                              bk

                                                                                          u´

AA AA

AD AD

DA DA
u´

                                                                                                                      bk

3bk

AD AD

DA DA

                                                                                                                      u´

                                                                                                                        AA AA

                                                                    3bk
bk

check  whetherADDDcaneverdominate. If it cuts AD AD to the left of u´ it can never dominat e
as  it is an inverted parabola. The condition is bk < bc + � /k which is clearlyfulfilled as k < c. Al l
we  need to analys e now is when AA AA dominates. For this to be an equilibrium at all, it i s
required  that 3(bk)  - 8b �  < 0. This gives us �  > 3/8bk . Compare AD AD and AA AA. Theyar e
2 2
equal at bk or 3bk. This gives us three possibilities:

     � /k > bk

     � /k < 3bk

            � /k < bk

      � /k < 3bk

    � /k > bk

           � /k > 3bk

Rearranging these conditions give us result 2 for the positive part.

30
u < 0

This situation is symmetric to the case where u > 0, excep t that we need to consider the strategy

AA  DD. So except this strategy everything yield the same as for u > 0. Since 0 AADD/ 0 u|  >

u=0

0  and 0 AAAA/ 0 u|  < 0 we only need to compare the intercept of the two curves for the mos t

u=0

negative  u. Setting AA DD = AA AA, using the requirement that q = (a-bc+2u)/2 > 0 an d

comparing  the two resulting u-values, it turns out that AA DD can never be an equilibrium .

Hence, nothing changes to the situation where u > 0, and result 2 follows.

CASE III: � = �  > 0, k > 0

u > 0

AD  AD dominates both AA AD and AA DA which follows immediately from comparing th e

profit functions. AD A D and DA DA are identical up to the adjustment costs and we choose to

work with AD AD as the  dominant mode of adjustment. With a bit more work it can be shown

that  AD AD domi nates AD DD. To show this, find the positive u that equates AD AD an d

ADDD, and substitute this into the express ion for AD DD. The resulting value will be negative

unless

                                            �
                                                       isvery large, which is unlikely. Hence, AD DD can never have dominated AD AD. Tha t

leaves three strategies: DA DD, AD AD, and AA AA.

Compare AD AD with DA DD. There are two poss ibilities; either AD AD or DA DD cuts

$
=0

first.  u*|  = 4b

�
/(2a-6bc-4bk) and u**|  = 8b

�
/(2a-2bc). For u* < u** we nee d

                                                          DA DD = 0 AD AD = 0

a>5bc+  4bk. Otherwise we do not observe DA DD as the adjustment mechanism. Now equate

AD  AD and DA  DD. This gives u~ =

�
/(c+k). Finally AA AA cuts to the right of u~, and w e

require 3(bk) -8b(

                                                                                                                        �
+

�
) > 0. This yield the positive part of result 3.

                                                                                       2

u < 0

Her e  we know that DA DD cannot be an equilibrium. Direct inspection implies that AD A D
do minates  AA AD. Then we are left with three strategies AD AD, AA DD, and AA AA .

C om paring  AA DD and AA AA and applying the same argument as in case II for u < 0, w e
ob serve  that AA DD cannot be an equilibrium. Thus, only AD AD and AA AA are equilibria .

This completes result 3.

The asymmetryfollows eas ily from comparing the relevant interceptions. Also that going from
case I to case III yield more rigidity can be seen without difficulty by comparing boundaries.