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Résune:

Unevastdlitt ératureanalysdeseffetsréelsde colitsd’ajustementlesprix ensup-
posantque les ajustementsle quanties sont sanscolts. Dansce papier nous
analysonssi la présencede colits d’ajustementlesquantiés, qui sontprobable-
mentsignificatifs, changele résultattraditionnelsur I'impact de l'inflation. En
particulier desrésultatsrecentssuggrentque les colts d’ajustementesquan-
titespeuventsupprimere lien entreinflation et production. Nous montronsque
celan’est pasle caslorsquel’inflation estanticipee. Au contraire, les colits
d’ajustemendesquanties peuventamplifier significatvementles congquences
descoltsd’ajustementesprix.

Abstract:

A vastliteratureanalyzeghereal effectsof price-adjustmentostsassuminghat
guantityadjustmentsrecostlessin this paper we analyzewhetherthe presence
of quantity-adjustmentsosts,which presumablyare significant,changethe tra-
ditional resultson the impactof inflation. In particular recentfindings suggest
that quantity-adjustmentostsmay remove the linkage betweenoutputand in-
flation. We show that this is not the casewheninflation is anticipated. On the
contrary quantity-adjustmentostsmay significantly amplify the consequences
of price-adjustmentosts.
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1 Intr oduction

It is by now well establishedhatsmallprice-adjustmentosts theso-calledmenu
costsmaycausenominalchangeso have largerealeffects. Thisresultis derived
assumingthat quantitiescan be adjustedcostlessly Empirical evidenceshows
that menucostsare not trivial (seelLevy et al. 1997, Dutta et al. 1999), but
to our knowledge,thereexists no empiricalinvestigationof the size of quantity-
adjustmentcosts. Neverthelesspne might expectsuchcoststo be even larger
thanthe price-adjustmentosts.For instancejn adownturnit is likely to bemore
expensve to fire workersthanto paythe menucostsandlower prices. This rais-
esthe questionof whetherthe existenceof non-trivial quantity-adjustmentosts
invalidatesthe above menu-costresult. Andersen(1994ch. 5, 1995) address
this issueand shav, amongotherthings, that following a nominal disturbance,
guantity-adjustmentostslargerthanprice-adjustmentostsaresufficientto keep
theoutputatafixedlevel. However, sinceAnderserconsidersKnightian” uncer
tainty (i.e.,ashockoccursalthoughthe agentsaarecompletelysurethatit will not
happen)the fixed level of outputis identicalto what would be producedunder
completecertainty Hence Andersens resultindicatesthatoutputis independent
of inflation.

In this paperwe considerthe otherextremewherethereis no uncertaintybut
a fully anticipated,constantrate of inflation. This is similar to Sheshinskiand
Weiss(1977),Kuran(1986),Naish(1986), Danziger(1988), Konieczry (1990),
andBénabouandKonieczry (1994)who have analyzedhe output-inflationrela-
tionshipwith price-adjustmentosts,but without quantity-adjustmentosts. We
considerthe casewhere quantity-adjustmentostsare sufficiently high that the
outputis keptunchangedandfor tractibility, we assumehatthereis no discount-
ing, a constantelasticity of demand,anda constantunit costof production. We
shaw thatin this casethe mainresultsobtainedin this strandof literatureremain
valid even with quantity-adjustmentosts: the higher the rate of inflation, the



higheris theinitial realprice andthe lower is theterminalreal price (Sheshinski
andWeiss,1977). Furthermorethe higherthe rate of inflation, the lower is the
averageoutput(Kuran,1986;Naish,1986)!

We also considerthe quantitatve importanceof quantity-adjustmentosts
by examining the size of the outputloss causedby inflation with and without
guantity-adjustmentosts.For realisticvaluesof the menucost,thelossof output
dueto inflation is severaltimeslarger with quantity-adjustmentoststhanwith-
out. Thus,farfrom invalidatingthe previousfinding of a negative output-inflation
relationship theintroductionof quantity-adjustmentostsamplifiesthe negative
consequenced price-adjustmentosts.

2 The Model

We considera monopolisticfirm thatproducesa non-storablggoodandfacesthe
time-invariantdemandunction z; “, wherez; is therealprice of thegoodattime
t anda > 1. Therealcostof producingoneunit of thegoodis a constant > 0.
Thefirm facesboth price-andquantity-adjustmentsosts,implying thatthe firm
neitherwantsto adjustits nominalprice nor its outputcontinuously In fact,we
assumethat the quantity-adjustmentostsare so high that the firm choosedo
alwayskeepits outputat a constanievel denotedby .> As a consequencehe
firm’s saleswill in generaldiffer from its output,with the firm producingexcess
outputif @ > z *, andthe consumerdeingrationedif Q < z, *.3

Let Z bethe real price at which salesequalproduction,thatis Z = Q~'/«.
Therealprofit of thefirm attimet is therefordl (z;, Q) = 2z; min (zt‘“, Q) —kQ.

< Figurel >

In ourframeawork, outputis contantandthereforealwaysequalto the averageoutput,whereas
without quantity-adjustmentosts,outputvarieswith therealprice.

2A sufiicient conditionis that the quantity-adjustmentostis at leastas high as the price-
adjustmentost.

3“Excess”outputmay be interpretedto meanthat the firm mustcontinueto payfor its quasi-
fixedfactorsalthoughit only produceaup to thelevel of demand.
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The uppercurve in Figure 1 illustratesthe real profit asfunction of the real
price if productioncould be adjustedcostlessly In this casethe real profit is
2t=® — kz;7®, which is maximizedfor the real price Z = (f‘—_kl andthe quantity
Q= (;—fl)_a. Thelowercurve shonvstherealprofit whenthefirm fixesits output
levelat(. Profitsareidenticalonly attherealprice Z, whichyieldsthemaximum
of IT (z;, @) for the constanbutputlevel ), andattherealprice k£ whichyieldsa
realprofit of zeroin bothcasesOtherwiseprofitsarealwayslower with quantity-
adjustmentcosts. The profit becomeserofor a firm with quantity-adjustment
costswhenz; = (kQ)ﬁ, whereaghe profit without quantity-adjustmentosts
andavariableoutputlevel is positve aslongasz; > k.

Thegenerapricelevel increasesitthe constantate > 0. Dueto theprice-
adjustmentcost, the firm keepsits nominal price unchangedor a fixed period
of time denotedby 7', andthenincreasest to a new level. Thereal price at the
beginningof a periodwith a constanhominalpriceis denotedoy S. After 7 > 0
of the periodhaselapsedthereal price hasbeenreducedo z, = Se~#7, andas
T tendsto 7', thereal price corvemgesto s = Se~*!. Thelengthof time from the
beginning of the perioduntil the demandequalsthe firm’s outputis denotedby
T,, thatis, Z = Se "> & T, = %ln 2.4

The firm’s averagereal profit over a periodwith a constanthominalprice is
givenby

V= % l/OTH(Se’”,Q)dT—c],

wherec > 0 is the price-adjustmentost. Substitutingfor I1 (-), we have

V= 1 [/OTZ (Se“”)ka dr + ! Se T Qdr — C] - kQ,

Tz

wherethe first integral is the revenuein the first part of the periodin which the
firm producesnoreoutputthanit cansell, andthe secondntegral is therevenue

4Herewe presumehat Z € (s, S), or equialently, that T, € (0, 7). Theoreml shows that
our solutionsatisfieghis condition.



in the secondpartof the periodwherethe firm rationsits customersSolvingthe
integralsandsubstitutingfor 7', Tz, and( yield

1 O[Zl_a _ Sl—a Y o
V:1n§< po— —sZ —,uc)—kZ . (1)

Thefirm choosesS, s, andZ in orderto maximizeV'. Thefirst-orderconditions
are

oV 1 _a _a

55 = sy (CVHSTr-kz) =0, (2)
oV 1 704

- = —SIHE[V—(s—k)Z =0, ©)
ov o Z—s

o7 = °Z 1<k— 1n§):0' (4)

Thefirst two conditionsarestandardandstatethatthe profit in the beginningand

in theendof a periodwith a constannominalprice equalsthe averageprofit over

the period. The third conditionis new and dueto the producedquantity being

heldconstantn theperiod. This conditionstateghattheincreasean costsfrom an

increasan output(which occursthroughouthe period)hasto equaltheincrease
in revenue(which occursonly whenthe customersarerationed).

3 The Impact of Inflation

If therewere no costsof price-adjustmentthe nominal price would be adjusted
continuouslyat the rate of inflation. Whetheror not thereare costsof adjusting
output, the real price would alwaysbe at its profit-maximizinglevel, Z, andthe
outputcorrespondinglat Q We now prove the following theoremwhich char
acterizeghefirm’s optimal strateyy:
Theorem 1
()s<Z<Z<SandQ < Q.

(i) 4 >0, % <0, % > 0,and9? < 0.
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Proof
Seetheappendix.

It is quiteintuitive thattherealprice exceedsts profit-maximizinglevelin the
beginning of a periodwith a constanmnominalprice, i.e., thatZ < S, andthat
thereal priceis lessthanits profit-maximizinglevel in the endof a period,i.e.,
thats < Z. Furthermorethe highertheinflation rate,the higheris theinitial real
price andthe lower is theterminalreal price. Theseresultsareidenticalto what
is foundin modelswith only price-adjustmentosts(seeSheshinskand Weiss,
1977).

With quantity-adjustmentosts,we alsofind thatthe fixed outputlevel, @, is
below the profit-maximizingoutputlevel if therewereno price-adjustmentosts,
@, andthatthe fixed outputlevel decreasewith the rate of inflation. Thus,the
presenceof quantity-adjustmentostsdoesnot alter the conclusionthat with a
constant-elasticitdemandfunction and a constantperunit costof production,
inflation reducesoutput (seeKuran,1986; Naish,1986)°> Whenoutputis fixed,
thelowering of the terminalreal price reducegrofitsto a large extentin theend
of a periodsincethefirm is unableto satisfythe extra demand.In isolationthis
effect tendsto make thefirm increaseoutput. However, theincreasean theinitial
real price hasa large detrimentaleffect on the fixed outputlevel becauséhe firm
cannotaccommodatéhereductionin demandn the startof a periodby reducing
productionbelow thefixedlevel. Thereforeijt is optimalto reducethefixedoutput
level, andsincethis effect dominatesputputfalls with inflation.

Part of the producedutputdoesnot reachthe consumersvhentherealprice
exceedsZ, andit is thereforealsoof considerablénterestto considethe average
guantitysoldto theconsumersThisis definedas

1

Y = T l/OTZ (Se_“T)_adT+Q(T—TZ) ,

5t is straightforvardto shaw thatin the caseof deflation,. < 0, theoutputis alsolessthanQ
anddecreasewith deflation(i.e.,d@/du > 0 for pu < 0).




wherethe first termin the braclet is the outputsoldin the first part of a period

wherethe firm sellslessthanit produceswhereaghe secondermis the output

soldin thesecondpartof a periodwherethefirm sellsits entireproduction.

Integratingthe above equationandsubstitutingl’; = iln % yield
Y:Qil_(%) +Q(1—ﬁ>.
oul wl
SubstitutingS/Z = (S/s)l/a, which is derived from conditions(2) and(3), and
uT = In(S/s) thenyield

We cannow establish

Theorem 2

dY)Y _ dQ/Q
dp/p < du/u <0.
Proof

We only needto shav thatthelastterminsidethe parenthesig theexpression
for Y isdecreasingn u. Since we know from Theoreml thatS/s isincreasingn
u, thisis equivalentto shaving thatthis lasttermis decreasingn S/s. However,
thisis truesinceits derivativewith respecto S/s hasthesamesignas1 — % +1In %
andthelatterdecreasem 2 andapproaches for £ — 1. |

Thus,notonly doesthe outputsolddecreasavith therateof inflation, asdoes
the outputproducedthe negative effect of the rateof inflation on the outputsold
is proportionallylargerthanon the outputitself.

4 The Loss of Output with and without Quantity-
Adjustment Costs

In this sectionwe studythe quantitatve importanceof quantity-adjustmentosts
in the presencef inflation. We comparehelossof outputrelative to thefriction-
lessoutputlevel both with and without quantity-adjustmentosts. The relative
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loss of outputwith both price- and quantity-adjustmentostsis 1 — Q/Q, and
similarly, therelative lossof outputsoldto consumerss 1 — Y/Q.

If thereareno quantity-adjustmentosts thefirm’s salesalwaysequalits out-
put. Thereforethefirm’s averagerealprofit overaperiodwith aconstanhominal

~ 1 T 5 _ur\l-a = )

Vv ?{/0 [(Se“) —k(Se”) ]dT—C},

whereT is thelengthof the periodin which the nominalpriceis keptunchanged,
andS is therealprice at the beginning of the period. Let § be definedasthereal

pricewhenr approached, thatis, § = Se #Z. Integratingandsubstitutingfor 7
in theequationabove yield

| ls g k(30-5) M]

priceis

V=

a—1 a

Thefirm choosesS and3 to maximizeV . Thefirst-orderconditionsare

oV 1 T
25 glng[‘v+5 (5-#)]=0, (5)
I G ©

Theaveragequantitythefirm producesandsellsis

Q= % [/T (S”e_’”)adT] = %,
0 aln
wherethe lastequalityfollows from integratingandsubstitutingfor 7. Therela-
tivelossin averageoutput(andsales)in this caseequalsl — Q/Q.

We now simulatethe two modelsusingconditions(2)-(4) for the modelwith
bothprice-andquantity-adjustmerntosts,andconditiong(5) and(6) for themodel
without quantity-adjustmentosts, and thereafterusing the solutionsto obtain
the relative outputlosses. Inspectionof the expressiondor the relative output
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lossesshaws thattheseare uniquelydeterminedrom knowledgeof the demand
elasticity o, andof 1), wherey = ¢/(ZQ) is the menucostasa proportionof
thefirm’sfrictionlessrevenue.

In Figure 2 we illustratethe resultsfor « = 5 andy = 0.7%, which is the
menu-costestimategiven by Levy et al. (1997). The lower curve shaws the
relative lossof averageoutput(= saleswithout quantity-adjustmertosts(QAC);
the uppersolid curve shows the relative loss of outputwith quantity-adjustment
costs;andthe upperdashedcurve shows the relative averageloss of saleswith
guantity-adjustmentosts. The figure confirmsthe conclusionsof Kuran(1986)
andNaish(1986):thelossof output(andsales)vithout quantity-adjustmertosts
is non-nglible, althoughnotlarge for moderatenflation rates,andincreasesvith
inflation. Thus, the lossis 0.9% for an inflation rate of 5%, and 2.5% for an
inflation rate of 25%. It is alsoclearfrom the figure thatthe loss of outputand
saleds severaltimeshigherin the presencef quantity-adjustmentosts:theloss
of outputis 5.9% (andof salesis 6.2%) for aninflation rate of 5%, andthe loss
of outputis 13.2% (and of salesis 13.9%) for aninflation rate of 25%. Thus,
the quantity-adjustmentostssignificantly enlage the negative consequencesf
price-adjustmentosts.

< Figure2 >

Figure2 canalsobe usedfor othersizesof the menucostsincethe different
lossesdependon only u1) for agivena. Simultaneouslychangingthe menucost
by afactorof v > 0 andtheinflationrateby afactorof 1/~ leave thelossof output
andsalesunchangedn all cases.In termsof Figure 2, halving the menucostis
eguvalentto rescalinghehorizontalaxisby doublingall inflation rates.Thus,for
amenucostequalto 0.35% andaninflation rateequalto 10%, thelossof outputis
5.9% with quantity-adjustmentosts,but only 0.9% without quantity-adjustment
costs.



To examinewhetherour resultsaresensitve to the choiceof «, we have cal-
culatedthe lossesof outputandsalesalsofor « = 2 anda = 8. As shown in
Tablel, althoughthe lossesof outputandsalesincreasewith « in all casesit is
truefor the othervaluesof o aswell thatthelosswith quantity-adjustmentosts
is severaltimeshigherthanthelosswithout.

Tablel. Lossof OutputandSaleswith andwithout
QAC for ¢y = 0.7 andDifferentValuesof «.

o g 1-Q/Q 1-Y/Q 1-Q/Q

5 5% 1.9% 2.8% 0.22%
25% 4.2% 6.2% 0.64%
5 5% 5.9% 6.2% 0.9%
25% 13.2% 13.9% 2.5%
g 5% 9.9% 10.1% 1.7%
25% 22.2% 22.5% 4.95%

5 Concluding Remarks

This paperanalyzegheimpactof inflation on the price andproductiondecisions
of a firm facingboth price-andquantity-adjustmentosts. The resultsshow that
price-adjustmentostsreduceoutputalsoif thereare quantity-adjustmentost-
s, Whereagjuantity-adjustmentostsalonehave no impacton the firm’s optimal
choiceof output. Our simulationsreveal that quantity-adjustmentostsmay sig-
nificantly amplify the negative impactof price-adjustmentostson output.
Becauseof tractability, our resultsare derived underratherspecificassump-
tions. Oneof theseis the absencef discounting the consequencesf which are
analyzedin Danziger(2000). Thereit is shavn, for a generalprofit function,
thatoutputis lowerthanthefrictionlesslevel anddecreasewith theinflationrate



whentheinflation ratesarelow. Anotherassumptions thatthe elasticity of de-
mandis constantandotherdemandunctionsmay leadto a differentresult. For
instance simulationswith a linear demandshaow thatit is possiblefor outputto
increasewith inflation. However, this doesnot changethe overall conclusionthat
menucostsmattereven whenthe outputis completelyfixed dueto the quantity-
adjustmentosts. Finally, it is assumedhatthereare only nominalchanges.If
therewererealchangesn afirm’s demandor cost,thefirm mightfind it optimal
to changsets outputevenif the costof doingsois considerable.
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Appendix
We startbe proving thats < Z < S. Conditions(2) and (3) can be written
asV =1I(S5,Q) = II(s,Q). Sincea solution mustsatisfy the second-order
conditionsdll (S, Q) /0S < 0 anddll (s, Q) /0s > 0, it follows thats < S.
Condition(4) thenshow thats < Z.

¢, Fromcondition(2), we get

V4 l(;)_as - k] z =y,

andcomparingthis with condition(3) shonvsthatZ < S.
To establishthats < Z, we usecondition(2) to get

V=(s—k)Z“
Insertingequation(1) yields
1 Ckzl—a _ Sl—a a o
1n§< o —sZ —uc>:sZ .

Usingcondition(4) to substitutefor In % gives

k (aZl_a — Sl-a

—sZ * - ,uc) =sZ

Z —s a—1
Conditions(2) and(3) imply thatS'~® = sZ~<, from whichit follows that
—a ak ak 4
—kuc =2 (Z_S)<S_a—1> = 8<a_1—Z.

Now, we derive 45, ds and%. Total differentiationof conditions(2)-(4) and

' dp’

useof Cramersruleyield
W = DrmzZal- bl
W = “DrmsZ-eZ-hl
R R LR
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where D is the Hessiandeterminantwhich is negative dueto the second-order
conditions. It follows from s < Z that% > 0. For p — 0 it follows from the

first-orderconditionsthat Z — Z, implying that Z > Z. It thenfollows that
das

4 > 0and% < 0. Finally, Z > Z anddZ/du > 0 imply that@ < Q and
dQ/du < 0.
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Figure 1. Real Profit with and without Quantity-Adjustment Costs
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Figure 2. Loss of Output and Sales with and without
Quantity-Adjustment Costs (QAC) for =5 and y=0.7%
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