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Résuḿe:
Unevastelitt ératureanalyseleseffetsréelsdecoûtsd’ajustementdesprix ensup-
posantque les ajustementsde quantit́essont sanscoûts. Dansce papier, nous
analysonssi la présencede coûts d’ajustementdesquantit́es,qui sontprobable-
mentsignificatifs,changele résultattraditionnelsur l’impact de l’inflation. En
particulier, desrésultatsrécentssugg̀erentqueles coûts d’ajustementdesquan-
titéspeuventsupprimerle lien entreinflation et production.Nousmontronsque
cela n’est pas le cas lorsquel’inflation est anticiṕee. Au contraire, les coûts
d’ajustementdesquantit́espeuventamplifier significativementles conśequences
descoûtsd’ajustementdesprix.

Abstract:
A vastliteratureanalyzestherealeffectsof price-adjustmentcostsassumingthat
quantityadjustmentsarecostless.In this paper, we analyzewhetherthepresence
of quantity-adjustmentscosts,which presumablyaresignificant,changethe tra-
ditional resultson the impactof inflation. In particular, recentfindingssuggest
that quantity-adjustmentcostsmay remove the linkage betweenoutput and in-
flation. We show that this is not the casewhen inflation is anticipated.On the
contrary, quantity-adjustmentcostsmay significantlyamplify the consequences
of price-adjustmentcosts.
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1 Intr oduction

It is by now well establishedthatsmallprice-adjustmentcosts,theso-calledmenu

costs,maycausenominalchangesto have largerealeffects.This resultis derived

assumingthat quantitiescan be adjustedcostlessly. Empirical evidenceshows

that menucostsare not trivial (seeLevy et al. 1997, Dutta et al. 1999), but

to our knowledge,thereexistsno empiricalinvestigationof thesizeof quantity-

adjustmentcosts. Nevertheless,one might expect suchcoststo be even larger

thantheprice-adjustmentcosts.For instance,in adownturnit is likely to bemore

expensive to fire workersthanto paythemenucostsandlower prices.This rais-

esthequestionof whethertheexistenceof non-trivial quantity-adjustmentcosts

invalidatesthe above menu-costresult. Andersen(1994 ch. 5, 1995) address

this issueandshow, amongother things, that following a nominaldisturbance,

quantity-adjustmentcostslargerthanprice-adjustmentcostsaresufficient to keep

theoutputatafixedlevel. However, sinceAndersenconsiders“Knightian” uncer-

tainty (i.e.,ashockoccursalthoughtheagentsarecompletelysurethatit will not

happen),the fixed level of output is identical to what would be producedunder

completecertainty. Hence,Andersen’s resultindicatesthatoutputis independent

of inflation.

In this paper, weconsidertheotherextremewherethereis no uncertainty, but

a fully anticipated,constantrateof inflation. This is similar to Sheshinskiand

Weiss(1977),Kuran(1986),Naish(1986),Danziger(1988),Konieczny (1990),

andBénabouandKonieczny (1994)who have analyzedtheoutput-inflationrela-

tionshipwith price-adjustmentcosts,but without quantity-adjustmentcosts.We

considerthe casewherequantity-adjustmentcostsaresufficiently high that the

outputis keptunchanged,andfor tractibility, weassumethatthereis nodiscount-

ing, a constantelasticityof demand,anda constantunit costof production.We

show that in this casethemainresultsobtainedin this strandof literatureremain

valid even with quantity-adjustmentcosts: the higher the rate of inflation, the
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higheris theinitial realpriceandthelower is theterminalrealprice(Sheshinski

andWeiss,1977). Furthermore,the higherthe rateof inflation, the lower is the

averageoutput(Kuran,1986;Naish,1986).1

We also considerthe quantitative importanceof quantity-adjustmentcosts

by examining the size of the output loss causedby inflation with and without

quantity-adjustmentcosts.For realisticvaluesof themenucost,thelossof output

dueto inflation is several timeslarger with quantity-adjustmentcoststhanwith-

out. Thus,far from invalidatingthepreviousfindingof anegativeoutput-inflation

relationship,the introductionof quantity-adjustmentcostsamplifiesthenegative

consequencesof price-adjustmentcosts.

2 The Model

We considera monopolisticfirm thatproducesa non-storablegoodandfacesthe

time-invariantdemandfunction � ���� , where� � is therealpriceof thegoodat time�
and �
	�� . Therealcostof producingoneunit of thegoodis a constant�	�� .

Thefirm facesbothprice-andquantity-adjustmentscosts,implying that thefirm

neitherwantsto adjustits nominalpricenor its outputcontinuously. In fact,we

assumethat the quantity-adjustmentcostsare so high that the firm choosesto

alwayskeepits outputat a constantlevel denotedby � .2 As a consequence,the

firm’s saleswill in generaldiffer from its output,with thefirm producingexcess

outputif ��	�� ���� , andtheconsumersbeingrationedif ����� ���� .3

Let � be the real price at which salesequalproduction,that is ����� ������� .
Therealprofit of thefirm at time

�
is therefore� ��� �"! �$#&%�� �('*),+.- � ���� ! �0/2134� .� Figure1 	

1In our framework,outputis contantandthereforealwaysequalto theaverageoutput,whereas
withoutquantity-adjustmentcosts,outputvarieswith therealprice.

2A sufficient condition is that the quantity-adjustmentcost is at leastas high as the price-
adjustmentcost.

3“Excess”outputmaybe interpretedto meanthat thefirm mustcontinueto payfor its quasi-
fixedfactorsalthoughit only producesup to thelevel of demand.
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The uppercurve in Figure1 illustratesthe real profit asfunction of the real

price if productioncould be adjustedcostlessly. In this casethe real profit is� �5���� 164� ���� , which is maximizedfor the real price 7��% �98�:��� andthe quantity7�;% - �98�:��� / ��� . Thelowercurveshowstherealprofit whenthefirm fixesits output

levelat � . Profitsareidenticalonly attherealprice � , whichyieldsthemaximum

of � ��� �"! �$# for theconstantoutputlevel � , andat therealprice  which yieldsa

realprofit of zeroin bothcases.Otherwiseprofitsarealwayslowerwith quantity-

adjustmentcosts. The profit becomeszero for a firm with quantity-adjustment

costswhen � � �<�=4�$#?>>A@CB , whereasthe profit without quantity-adjustmentcosts

andavariableoutputlevel is positiveaslongas � � 	D .
Thegeneralpricelevel increasesat theconstantrate EF	6� . Dueto theprice-

adjustmentcost, the firm keepsits nominal price unchangedfor a fixed period

of time denotedby G , andthenincreasesit to a new level. The real price at the

beginningof a periodwith a constantnominalpriceis denotedby H . After IKJ��
of theperiodhaselapsed,the realpricehasbeenreducedto �CL.�MH&N �PO L , andasI tendsto G , therealpriceconvergesto Q0%RH2N �POTS . Thelengthof time from the

beginning of the perioduntil the demandequalsthe firm’s output is denotedbyGVU , thatis, ����H&N �POWSYX[Z G]\^� �O`_ +ba\ .4
The firm’s averagereal profit over a periodwith a constantnominalprice is

givenby c % �G dfe Sg � - H&N �PO L ! �0/[hiI.1kjml !
wherejn	o� is theprice-adjustmentcost.Substitutingfor � �qpr# , we havec � �G d e SCsg - H&N �PO L / �5��� hiI$t e SSCs H&N �PO L �$hiI.1 j l 1u4� !
wherethe first integral is the revenuein the first part of the periodin which the

firm producesmoreoutputthanit cansell, andthesecondintegral is therevenue
4Herewe presumethat v wyx,zY{=|~} , or equivalently, that �P��wyx���{���} . Theorem1 shows that

oursolutionsatisfiesthis condition.
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in thesecondpartof theperiodwherethefirm rationsits customers.Solvingthe

integralsandsubstitutingfor G , G]\ , and � yieldc � �_ + a ��� ��� �5��� 1uH �5�����1�� 1uQ(� ��� 1kE]jT�F1u�� ����� (1)

Thefirm choosesH , Q , and � in orderto maximize

c
. Thefirst-orderconditions

are � c� H � �H _ +.a � - 1 c t�H �5��� 1u�� ��� / ��� ! (2)� c� Q � �Q _ +.a ��� c 1D��Q�1u�#�� ����� �6� ! (3)� c� � � ��� ���:��� � �1 �o1 Q_ +.a � � ��� � (4)

Thefirst two conditionsarestandardandstatethattheprofit in thebeginningand

in theendof aperiodwith aconstantnominalpriceequalstheaverageprofit over

the period. The third condition is new anddue to the producedquantitybeing

heldconstantin theperiod.Thisconditionstatesthattheincreasein costsfrom an

increasein output(which occursthroughouttheperiod)hasto equaltheincrease

in revenue(which occursonly whenthecustomersarerationed).

3 The Impact of Inflation

If therewereno costsof price-adjustment,the nominalprice would be adjusted

continuouslyat the rateof inflation. Whetheror not therearecostsof adjusting

output,the realprice would alwaysbeat its profit-maximizinglevel, 7� , andthe

outputcorrespondinglyat 7� . We now prove the following theorem,which char-

acterizesthefirm’soptimalstrategy:

Theorem 1

(i) Q0� 7�;�o�;�oH and ��� 7� .

(ii ) � a� O 	�� , � �� O �o� , � \� O 	�� , and �q�� O �o� .
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Proof

Seetheappendix.

It is quiteintuitivethattherealpriceexceedsits profit-maximizinglevel in the

beginning of a periodwith a constantnominalprice, i.e., that 7����H , andthat

the real price is lessthanits profit-maximizinglevel in the endof a period,i.e.,

that Q$� 7� . Furthermore,thehighertheinflation rate,thehigheris theinitial real

priceandthe lower is theterminalrealprice. Theseresultsareidenticalto what

is found in modelswith only price-adjustmentcosts(seeSheshinskiandWeiss,

1977).

With quantity-adjustmentcosts,we alsofind that thefixedoutputlevel, � , is

below theprofit-maximizingoutputlevel if therewereno price-adjustmentcosts,7� , andthat the fixed outputlevel decreaseswith the rateof inflation. Thus,the

presenceof quantity-adjustmentcostsdoesnot alter the conclusionthat with a

constant-elasticitydemandfunction and a constantper-unit cost of production,

inflation reducesoutput(seeKuran,1986;Naish,1986).5 Whenoutputis fixed,

theloweringof theterminalrealpricereducesprofitsto a largeextent in theend

of a periodsincethefirm is unableto satisfytheextra demand.In isolationthis

effect tendsto make thefirm increaseoutput.However, theincreasein theinitial

realpricehasa largedetrimentaleffect on thefixedoutputlevel becausethefirm

cannotaccommodatethereductionin demandin thestartof a periodby reducing

productionbelow thefixedlevel. Therefore,it is optimalto reducethefixedoutput

level, andsincethis effectdominates,outputfallswith inflation.

Part of theproducedoutputdoesnot reachtheconsumerswhentherealprice

exceeds� , andit is thereforealsoof considerableinterestto considertheaverage

quantitysoldto theconsumers.This is definedas� % �G d e SCsg - H&N �PO L / ��� hiI$tu����G�1�G]\V#�l !
5It is straightforwardto show thatin thecaseof deflation,���b� , theoutputis alsolessthan � 

anddecreaseswith deflation(i.e., ¡  £¢ ¡Y�¥¤^� for �$�b� ).
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wherethe first term in the bracket is the outputsold in the first part of a period

wherethefirm sellslessthanit produces,whereasthesecondterm is theoutput

soldin thesecondpartof aperiodwherethefirm sellsits entireproduction.

IntegratingtheaboveequationandsubstitutingG¦\3� �O`_ + a\ yield� ��� �§1 - a\ / �����EVG t
� � �§1 _ +*a\E¦G � �
SubstitutingH©¨ª�M���=H©¨:Q(# ����� , which is derivedfrom conditions(2) and(3), andE¦G�� _ + �=H©¨iQ�# thenyield � % � � � �«1��¬t �§1 �a_ + a � � �
Wecannow establish

Theorem 2�® � � OC�=O � �q� � �� OC�=O ��� .
Proof

Weonly needto show thatthelastterminsidetheparenthesisin theexpression

for
�

is decreasingin E . Since,weknow from Theorem1 that H©¨iQ is increasinginE , this is equivalentto showing thatthis lasttermis decreasingin H©¨iQ . However,

thisis truesinceits derivativewith respectto H©¨iQ hasthesamesignas �41 a � t _ +.a � ,
andthelatterdecreasesin a � andapproaches� for a �$¯ � .

Thus,notonly doestheoutputsolddecreasewith therateof inflation,asdoes

theoutputproduced,thenegativeeffect of therateof inflation on theoutputsold

is proportionallylargerthanon theoutputitself.

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

In this sectionwe studythequantitative importanceof quantity-adjustmentcosts

in thepresenceof inflation. Wecomparethelossof outputrelative to thefriction-

lessoutput level both with andwithout quantity-adjustmentcosts. The relative
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lossof outputwith both price- andquantity-adjustmentcostsis ��1��°¨°7� , and

similarly, therelative lossof outputsoldto consumersis �§1 � ¨$7� .

If therearenoquantity-adjustmentcosts,thefirm’ssalesalwaysequalits out-

put. Therefore,thefirm’saveragerealprofit overaperiodwith aconstantnominal

priceis ±c % � ±G³² e�´Sg µ - ±H&N �PO L / �5��� 1  - ±H�N �PO L / ����¶ hiI.1kj¸· !
where

±G is thelengthof theperiodin which thenominalpriceis keptunchanged,

and

±H is therealpriceat thebeginningof theperiod.Let

±Q bedefinedasthereal

pricewhen I approaches

±G , thatis,

±Qn% ±H&N �PO ´S . Integratingandsubstitutingfor

±G
in theequationaboveyield±c % �_ + ´a ´��¹º

±Q �5��� 1 ±H �5����«1�� 1  - ±Q ��� 1 ±H ��� /� 1kE©jm»¼ �
Thefirm chooses

±H and

±Q to maximize

±c
. Thefirst-orderconditionsare� ±c� ±H � �±H _ + ´a ´� � 1 ±c t ±H ��� - ±H�1 ½/ � ��� ! (5)� ±c� ±Q � �±Q _ + ´a ´� � ±c 1 ±Q ��� � ±Q�1k�# � ��� � (6)

Theaveragequantitythefirm producesandsellsis±�;% � ±G dfe ´Sg - ±H&N �PO L / ��� h¸IPl��
±Q ��� 1 ±H ���� _ + ´a ´� !

wherethelastequalityfollows from integratingandsubstitutingfor

±G . Therela-

tive lossin averageoutput(andsales)in this caseequals�§1 ±�$¨$7� .

We now simulatethetwo modelsusingconditions(2)-(4) for themodelwith

bothprice-andquantity-adjustmentcosts,andconditions(5) and(6) for themodel

without quantity-adjustmentcosts,and thereafterusing the solutionsto obtain

the relative output losses. Inspectionof the expressionsfor the relative output
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lossesshows that theseareuniquelydeterminedfrom knowledgeof thedemand

elasticity, � , andof E]¾ , where ¾�%¿jC¨��©7��7�$# is themenucostasa proportionof

thefirm’s frictionlessrevenue.

In Figure2 we illustratethe resultsfor �;�ÁÀ and ¾Â�Á� �rÃiÄ , which is the

menu-costestimategiven by Levy et al. (1997). The lower curve shows the

relativelossof averageoutput(= sales)withoutquantity-adjustmentcosts(QAC);

the uppersolid curve shows the relative lossof outputwith quantity-adjustment

costs;andthe upperdashedcurve shows the relative averagelossof saleswith

quantity-adjustmentcosts.The figureconfirmstheconclusionsof Kuran(1986)

andNaish(1986):thelossof output(andsales)withoutquantity-adjustmentcosts

is non-neglible, althoughnot largefor moderateinflationrates,andincreaseswith

inflation. Thus, the loss is � �ÆÅiÄ for an inflation rate of À Ä , and Ç � À Ä for an

inflation rateof ÇiÀ Ä . It is alsoclearfrom the figure that the lossof outputand

salesis severaltimeshigherin thepresenceof quantity-adjustmentcosts:theloss

of outputis À �ÈÅ¸Ä (andof salesis É � Ç Ä ) for an inflation rateof À Ä , andthe loss

of output is �9Ê � Ç Ä (andof salesis �9Ê �ÈÅ¸Ä ) for an inflation rate of ÇiÀ Ä . Thus,

the quantity-adjustmentcostssignificantlyenlarge the negative consequencesof

price-adjustmentcosts. � Figure2 	
Figure2 canalsobeusedfor othersizesof themenucostsincethedifferent

lossesdependon only E¦¾ for a given � . Simultaneouslychangingthemenucost

by afactorof Ë�	�� andtheinflationrateby afactorof ��¨(Ë leavethelossof output

andsalesunchangedin all cases.In termsof Figure2, halving themenucostis

equivalentto rescalingthehorizontalaxisby doublingall inflationrates.Thus,for

amenucostequalto � � Ê¸À Ä andaninflationrateequalto �9� Ä , thelossof outputisÀ �ÈÅ¸Ä with quantity-adjustmentcosts,but only � �ÆÅ¸Ä without quantity-adjustment

costs.
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To examinewhetherour resultsaresensitive to thechoiceof � , we have cal-

culatedthe lossesof outputandsalesalsofor �;�ÁÇ and �;�ÍÌ . As shown in

TableI, althoughthe lossesof outputandsalesincreasewith � in all cases,it is

truefor theothervaluesof � aswell that thelosswith quantity-adjustmentcosts

is severaltimeshigherthanthelosswithout.

TableI. Lossof OutputandSaleswith andwithout
QAC for ¾u��� �ÆÃ andDifferentValuesof � �� E �§1 �$¨°7� �`1 � ¨$7� ��1 ±�$¨$7�

Ç À ÄÇ:À Ä � �ÆÅiÄÎ � Ç Ä Ç � Ì ÄÉ � Ç Ä � � ÇiÇ Ä� � É Î Ä
À À ÄÇ:À Ä À �ÆÅiÄ�9Ê � Ç Ä É � Ç Ä�9Ê �ÈÅ¸Ä � �ÆÅ¸ÄÇ � À Ä
Ì À ÄÇ:À Ä Å4�ÆÅiÄÇiÇ � Ç Ä �9� � � ÄÇiÇ � À Ä � �rÃiÄÎ �ÈÅ À Ä

5 Concluding Remarks

This paperanalyzestheimpactof inflation on thepriceandproductiondecisions

of a firm facingbothprice-andquantity-adjustmentcosts.Theresultsshow that

price-adjustmentcostsreduceoutputalso if therearequantity-adjustmentcost-

s, whereasquantity-adjustmentcostsalonehave no impacton thefirm’s optimal

choiceof output. Our simulationsreveal thatquantity-adjustmentcostsmaysig-

nificantlyamplify thenegative impactof price-adjustmentcostsonoutput.

Becauseof tractability, our resultsarederived underratherspecificassump-

tions. Oneof theseis theabsenceof discounting,theconsequencesof which are

analyzedin Danziger(2000). Thereit is shown, for a generalprofit function,

thatoutputis lower thanthefrictionlesslevel anddecreaseswith theinflation rate
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whenthe inflation ratesarelow. Anotherassumptionis that theelasticityof de-

mandis constant,andotherdemandfunctionsmay leadto a differentresult. For

instance,simulationswith a linear demandshow that it is possiblefor outputto

increasewith inflation. However, this doesnot changetheoverall conclusionthat

menucostsmatterevenwhentheoutputis completelyfixeddueto thequantity-

adjustmentcosts. Finally, it is assumedthat thereareonly nominalchanges.If

therewererealchangesin a firm’s demandor cost,thefirm might find it optimal

to changeits outputevenif thecostof doingsois considerable.

10



Appendix
We start be proving that Q6�Ï� �ÐH . Conditions(2) and (3) can be written

as

c � � �=H ! �$#�� � ��Q ! �$# . Sincea solution must satisfy the second-order

conditions

� � �=H ! �$#�¨ � HÑ�Ò� and

� � ��Q ! �°#�¨ � Q
	Ò� , it follows that Qu�<H .

Condition(4) thenshow that Q$��� .

¿Fromcondition(2), weget1 c t dªÓ H�.Ô ��� H�1u¸lÕ� ��� ��� !
andcomparingthiswith condition(3) showsthat �Ö�DH .

To establishthat Q¥� 7� , weusecondition(2) to getc ����Q�1 4#�� ��� �
Insertingequation(1) yields�_ +.a � � ��� �5��� 1uH �5����«1�� 1 Q�� ��� 1�E©j � �ÖQ�� ��� �
Usingcondition(4) to substitutefor _ +.a � gives�o1 Q � ��� �5��� 1uH �5����«1o� 1uQ�� ��� 1kE©j � ��Q�� ��� �
Conditions(2) and(3) imply that H �5��� ��Q�� ��� , from which it follows that1n½E]j§��� ��� �=�o1uQ�# � Q�1 ���«1�� � × Q$� ���«1�� � 7� �

Now, we derive � a� O , � �� O , and � \� O . Total differentiationof conditions(2)-(4) and

useof Cramer’s ruleyieldh�Hh¸E � 1 �Ø jY� ���� _ + a �ÚÙ �o1 �3��Q�1u�#5Û !h�Qh¸E � 1 �Ø jCH ���� _ +.a � Ù �o1 �3����1u4#"Û !h(�h¸E � 1 �Ø jYH ���Q _ + a �ÚÙ Q�1 �3��Q�1u�#5Û !
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where
Ø

is the Hessiandeterminant,which is negative dueto the second-order

conditions. It follows from QK� 7� that � \� O 	�� . For E ¯ � it follows from the

first-orderconditionsthat � ¯ 7� , implying that �Ï	 7� . It then follows that� a� O 	�� and � �� O �Ü� . Finally, �<	 7� and h(�Õ¨:h¸E;	Ü� imply that �Ð� 7� andhP�$¨:h¸E���� .
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