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INVESTMENTDECISIONSANDTHECHOICE

OFTECHNIQUEOFTHEFIRM UNDER
IMPERFECTCOMPETITION

ByHIDEYUKIADACHI

TIlispaperanalyzestheillVeStmelltdecisionsandthechoiceortechniqueof●tilefirm
underimperfectcompetition.Ourmodelassumesthatadjustmentcostsarerequirednot
onlyforincreasingProductivecapacitybutalsoforadjustlllgthelabor-capitalratioItlS
shownthatthefirm'sexpectedrateofgrowthplaysacrucialroleindetermininglnVeStment
ofthcfirmurldcrlmPCrfcctcorrlPCtitlOrl.ItisalsoshowrlthatthewagerateandtheirltCrCSt
rateaffectinvestmentnotOnlydlreCtlybutalsoindirectlythroughthechoiceoftechnique
orthefirm.

1.1mtroduction

Thepurposeofthispaperistobuildamodelofinvestmentdecisionsandthechoice

oftechniqueofthefirmunderimperfectcompetition.Specialfeaturesofourmodelare

two-foldasthetitleindicates.First,weexplicitlyformulatetheinvestmentdecisionsof

thefirlrlunderimperfectcompetition;secolld,themodelarlalyzesriotOIllythefirm's

investmentde(:isions,blltals()itsch()i(三eOftechniqlle.

MostoftheiIIVeStmenttheoriesdevelopedsofarassumethatthefirmtodecideinvest-

mentisunderperfectcompetition.Oneofthepurposesofthispaperistodevelopthe

theoryofinvcstmcntthatexplicitlytakesintoaccountthebehavioroftheimpcrfcctly

competitivefirm.Themostimportantbehavioraldifferencebetweenthecompetitivefirm

andtheimperfectlycompetitivefirlnisthattheformerbasesitsdecisionsOIIPrlCeeXPeC-

tatioIIS,WhilethelatteronquantityexpectatiorlS.Thefirmurlderimperfectcompetitiorl
facesexpecteddemandcurvesoverfutureperiodswhenitmakesiIIVeStlnentdecisions.

Thereisscarcelyanyworkthatanaly7JeSinvestmentdecisionsoftheimperfectlycom-

petitivefirm･1)hlthispaperwewillattempttoconstructarnodelofinvestmerltthat

explicitlyformulatesthebehavioroftheirnperfectlycompetitivefirm.

These(:()ndpllrp()Se()fthispaperistoanalyzethech()i(三e()fte(hniqueofthefirm

simultaneouslywithinvestmentdecisions･2)Theinvestmentofthefirm involvestwo

kindsofdecisions:howmanymachinestoinstall,andwhattypeofmachinestochoose.

1)Uzawa(1972)givesanoutlineoftheinvestmentmodelforthecaseofimperfectcompetition.I3uthe
doesnotanalyzethemodelindetail.
2)OklSh10(1984)constructedamodelofthesimultaneousdecisionsOfcapitalutillZatlOn,lnVeStmellt
arldtcchrllquC,anddiscussedsomeofKcyrlCS'sassertionsglVCnirl'ThcGcncralThcory'.Thispaper
owesmuchtohismodel.ButhismodeldealswlthonlythecaseoftwoorthreeperlOds.Besldes,our
modelfocusesondlfferentproblemsfromhis.
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Thetheoryofinvcstmcntusuallydealswiththeformer.butnotthelatterexplicitly.In

thispaper,wediscussbothofthesedecisions.Indoingso,wedi鮎rentiatethelong-

runproductionfrom theshort-runproductionfunction;theformerrepresentsasetof

availabletechnlqueSaStherelationbetweenthelabor-capitalratioaridtheoutput-capital

ratio,whilethelatterrepresentsutilizationoftheexistingcapitalstock.Fromthesetof

availabletechniqlleSrepresentedbythelong-runprodllCtionfunction,thefirmchoosesthe

bestorleWherlitinstallsflewequipment.Totakeintoaccounttheputty-claycharacter

ofteclmology,WeassumethatadjustmentcostsarerequiredriotOIllyforincreaslng

productivecapacity,butalsoforchallglnglabor-capitalratio.

Thispaperisorganizedasfollows.Section2discussestherelationbetweenthelong-

runproductionfunctionaridtheshort-run productionfuIICtioll.Section3allalyzesthe

de(:isi()nsoftherateofcapitalutilizati()n()fthefirm.Secti()n4presentsam()delof

illVeStmentdecisionsandthecllOiceoftechnique.Section5fわcusesollthechoiceof

techniqueofthefirm.Section6analyzestheinvestmentdecisionsofthefirm under

impcrfc(:t(三OmpCtiti()n.Section7summariz()stheresults.

2.Long-runProductionFunctionandShort-runProductionFunction

Inourmod(〕1.wcdiff()r(ntiatcthe1()ng-rllnPrOdllCtionflln(:ti()nfr()m th()short-run

productionfunctioll.Theformerrepresentsaspectrum oftechlllqueSavailableunder

thepresentstateoftechnologlCalknowledge,whilethelatterrepreselltSutilizatiollOf

theexistingcapitalstock.3)LetN andYbethelevelofemploymentandthelevelof
output,respectively,whenthestockofcapitalK isutilizedatthenormallevel.Then

tllelollg-Ⅰ･ullprOductiollfurlCtiorlisw I･ittellaSfollows:

Y-F(N,K) L=

Inthefollowing,W(〕(二allN asth(〕n()rmal1(〕Ⅴ(〕1°f(〕mploym(ntandYasthenormal1()vcl

ofoutput.Sllpp()Sethatthisprodll(:ti()nflln(:ti()nexhibitsconstantreturnst()scaleas

usual,thenitmayberewrittenas

妄-F(i,1)-f(n),wheren-芸 (2)

ThenotationrlJrCPrCS(ntSthelab()r-(:apitalrati()atthen()rmalutilizati()nofcapital.

Theproductionflln(:ti()nf(rlJ)isassllmedt()satisfyInada'S(:()nditi()n,i.e./.

f(0)-0,f(∝･)-cxj7f'(n)>07f'(0)-∞.f'(∝･)-0,f"(n)<0. (3)

3)MostoftheinvcstmcrltmodelsprcscrltCdsofardonotdiffcrcntiatcbctwccnthelong-furlPrOduc-

tionfllnCtl(⊃nandthesl10rt-rllnpr()dllCtlOnfllIICtion ThlSdistlnCtlOnlSmadeclearinthefわllowing

literature Okish10(1984).Mal1nVaud(1989),Malinvaud(1998).
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AtaglVCnpointoftime,capitalstockK aswellasthenormallabor-capitalration

isglVen.Then,thenormallevelofemploymentisN - nK,andthenormallevelof

outputisi7-i(n)K.IIIPractice,however,theexistingcapitalstockmaynotalwaysbe

utilizedatthenormallevel.LetusdenoteactualemploymentbyN.andactualoutput

byY.NalldYagreewithNandYrespectively,OnlyifthecapitalequlPInentisutilized

atthenormallevel.Otherwise,theactuallevelsofN andY dependnotonlyonthe

existingvolumeofcapital(K)alldtherlOI･mallabor-capitalratio(n)butalsoollthe

rateofutilizatiollOfcapital.ⅠIIOrdertoknowthepreciserelationbetweenN arldY.We

havetospecifytheutilizationfunction,ortheshort-runproductionfuIICtioll.

AsfortherelationbetweenactualoutputalldactualelnPloyment,wefollowtheformul

lationgivenbyOkishio(1984)･Giventhestocknfcapitalandthetechniqueembodied

init(]'.e.,giverlY),yisrelatedtoNasfollows‥

; - g (; ) ･ (4)

Thisfunctionmaybecalledautilizationfunction.Definex≡N/K;thenN/N-I/n.
Substitlltingthisrelationand(2)into(4),wehave

;-g(:)I(n)･ (q

Thisflln(:tionsh()wsth(〕r()1ationb(〕twc(nactual()lltputperllnit()fcapitalandactual

employmentperllnitof(:apitalforglVenK andn,S()itmaybecalledtheshort-rlln

productionfunction.Theutilizationfunctiona(I/n)isassumedtohavethefollowing

properties:

(a)g(0)-0

(b)g′>0

(C)ど(1)-1

(e)Thereexistsapointofinflectioll(Jl･/n)0<1suchthat

ifx･/,rL<(x･/,rL)O,thenど′′(x･/,rL)>0;

ifx/n-(x/n)O,theng′′(x/n)-0;

if.7:/rlJ>(.7:/rl/)0,theng′′(.7:/rl/)<0.

(x/n)g'(x/n) nf'(n)

g(I/n) f(n)
ifandonlyifこr-n.

Th()S(〕assllmPtionsimplythattheutilizationfllnCtionglSanin(:r(‥asingflln(:ti()nwith

S-shapestartingfrom theorigin･Inviewof(e),themargillalproductivityoflaboris

increasingwhentherateofemploymentislowerthan(I/n)0,andisdecreasingwhenit



･5above(I/71)0 ^ ssL.mPt.On(C)11叩 】lCSLlはLaCLualouLpuL■5.1日hcI.oH"aIIc､rc】"･hc■l

cl･.ploylrICnllstlLLhc110nllaltevclaI-d(d)lInpllC5Ll.aHhcrccx■stssomeIll)l氾rboundTor

Dull)uLm tllC Sl10rL-ruI■FtI.al一yassuIl'l'LIOll(()lmpltcsLhaLulCS110rレruHt刈Oduct.0.l

rMlCLJOllLOLIChcstllC)011g-rlLnprOdllCt101lfullCtIOnattheTlOrma】uLl】lZatlOEIOlcapILal

FIGURE1llRLJ)118-r･lJ)Prodllll蛤IIFLHtCt10nAm(hlLCSlLort.TIMProJHCIJOIIFMKL10n

FlguLC1l11115LriltCStherel舶10Tlbt:L､､CeIltheEoltg･TulI.mdsEIOrt-rullprOducいotlrutlC-

Ll0nSAslSC叫 It日.Cdabove theEol一g-rLlnl)rO(lucLl0nrlmCll0rtShows(1SpCt:Lrl"ll0r

avlt･1くIb)etcchm(lu.:SaSLhcrchL)oⅠlsILlpbcい､CC■lLllClIO■=tlEhLJor-capLtal～ aH(hllc

･ormaLo叫)uL-CtlPlLahatlO,/(n)SupposeLhaLLl.cLCd､mqLICCnlbo(lLCdmtllCCXISL-
LI)どC･lE))ttllstocklSrCPre弧 1Lc(Lby('Jh/(,L.))Tl.cl.,thesi一o,i-TIMI)lOducい01■rLLt】t=LIOIl
toILChesLhcLong-runProduct.0--rut.cLIOtHTILT- ,I,S=1ccthecxISLmgcapLta)sLocklS
l10rl1)八日ylLLlllZt･Xl･▲LI,LlatI)Ol山 ExccptJorthtltI)01nT.,I,hcSholt-rLmI)tOdllCL]onfLlHC･
tLOrltSlot:tLLcdbclowt･tltZlollg-lu一一l)】0(LuctLOllrullCtLOl一,(.helaLLCrlCplCS帥LsLllCCfFLCleElt
r10tlLLC]Orl)10(llLCいo】t

hltL･t:rollo､vmgd･scLISS･On,Wel】Sethe 川vc)scfullCLlo】10r(Ll)ro'cozIVC-1lCllCe LCtIts

dclit､… ≡一′/r',wl"chlSCaHcdi)lCl{tLcorcapLtahLt,-1】ut1,-OEIT】HIt,LllC‖-VClSCfu"cL'orL
or(Ll)r).ay1)C､､rrLttCllaS

芸 -JL(t･) (6)

ThlSrunCtlOn.Wll･dlrq,･C･粥･lLSLhcreqll.Led･atcofcml)Boy)11C11LTor(lgn,C1.r.ltCOf

Lltl11Z̀lt･On.･SCal】cthJICClrll)loylllCIltfuucLl0nIllthefoHowl"gThecnll)]oylI)CT-LflmCt1011
IL(～)lliLSLht･rol]owmgI)rOl)erいCS

(a)Il(0)=0

(I))h'>0



(C)/'(I)-I

(d)lllCrCCXISLsso.･lCrCa】qua･lL･ty面> 1 suchthatIL(Tl)-∞

(e)rrllCrCCX■5LS SOLl.C■eal(lllanLILy uo< 1.suclltllat

lrtL<-Jo,LllCnlLW<D

lrlL=tLo.tllCllhW-o
IltJ>lLo,tllCllll">0

(r･光 背 Ira】ldonly.ru-I

N/斤

tlo

FrGUltr･2TtlLlr:.叩IDyH.ll.i臥.HI)orl

TlllSrt川CILOnlSlHl.SL.tttLtdbyFlgLLlC2 ltlllCleaSeS､VIL)Ldcclc･Lj)ngl･1Lcfo=L<-Lo ,
､vlthmcICEは1ngEatCrO]u>lLo,al1(lasyml)toll.:alJya】)p)oachcslL>L

3 TheDecl引0)lSOrtheRBteOfCapitalUtiLlzatlollunderTmperfe.:t

Competltl011

IllLhLSSCCLIOI-VCCXtl-"lt】ChowLhc=npcrrccLlycollll〉CLlL】vCrlr"dcLCrmmCItsOutput

alldprlCCS,glVClltlleeX】SLlllgStockorcapltalaTldLllCLCChTllquCClllLxxllc(l川 IL To
(lcLCr-r"[)CLhc)cvclorouLl)uL,l′,WlLhglVCL)Stockorcapltall5IIOLhHlgl)ulLodctcrlI‖llC
therateor.:叩llalLltl)は.ltlOll llSowhatⅥca.yamlnCmLhlS訳く:L10lHSredlled LoLhc

dcLcmlmaLlotlOrtherateorcaplt'lIuLIlluLいollalldLhcI)nCt!OrOuLl)uLbyLllC】lnPCrrCCtly

colr)I)eLILlVCLlnll
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AtaglVCnpointoftime,thercprcscntativcfirmunderimpcrfcctcompetitionisfaced

withanexpecteddemandctlrVeWithd()wnwardsloplng.Letusdenotetheexpected

demandofthefirlnbyYeandthepriceOfproductbyp.Thentheexpecteddemand
functionofthefirmiswrittenas

Ye-Ap~り , (7)

wheI･eAdellOteSthelevelofexpecteddelnarldataglVelllevelofprice,arld,riistheprice
elasticityofdemarld.AcharlgeinAindicatesashiftintheexpecteddemandcurve.We

assume77tObeconstantinthefollowlng.

SupposethatthefirmdeterminesoutputYtobeequaltotheexpecteddemandYe.

TherlWeCan reWrite(7)illtheforlnOfinversedelnalldfunctionas

p- (; ) -ど- (芸訂 E- {uf(n ,k}-E7 (8)

wh(汁(〕ど≡1/77(theinvcrs(〕()fthepric(〕(‥lasticityofdemand)andk≡K/A(capitalper
ullitofexpecteddemand)AThenormallabor-Capitalrationisconstalltintheshort-full,

sincethetechnologyembodiedintheexistingcapitalisgiven.
Thcshort-runprofitnofthcfirmisglVCnby

H-pY-WN-[puf(n)-WhJ(u)n]K, (9)

whereW isthemolleyWagerate.Theshort-rundecisionsofthefirm underimperfect

competitionistosetprlCeanddeterminetllerateOfcapitalutilizationsoastomaximize

theprofit,giventhestockofcapitalandtechnology.MaximizingIIwithrespecttou

subjecttotlleCOIIStraillt(8)yields:

(1-e)pf(n)-Wh'(u)n. (1O )

Thisequationhasameaningfulsolutiononlyifど<1(orr7>1).Sothepriceelasticityof

demandfortherepI･eSelltativemustbegreatertharlunity.Ir上additiontothisconditioll,
thesc(:ond()rderc()nditi()nforprofitmaximization

E･筈 ,o (ll)

m ustbe satisfied.The secondtermoftheleft-handsideof(ll)representstheelasticity

ofthem arginalcmploymcntrate,h'(u ),Withrespecttocapitalutilization7u.Letus

den()teitby(丁:

uhH
o-≡ ~訂 ~

T Ilerl (ll) is I･eW I･it tellaS

E+J>O.

( 1 2 )

(1 3 )
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Thevalueof(Tmaybceitherpositiveornegative,Secondordercondition(13)implies

thatevenifitisnegative,itsabsolutevallleCannotexceedE.Thisconditionrestricts

thedegreeofiIICreaSingreturnfortheshort-ru nproductionfunction(5)A

Substitutirlg(8)into(10),wehave

(1-E)〈uf(n)kI~Ef(n)-Wh'(u)n. (14)

Sincekalldnareconstantilltheshort-run,thisequationdeterminesu.Soumaybe

expressedasafunctionofkandnbysolving(14):u-u(k,n).Theelasticityofuwith
respecttokiscalculatedtobe

/.I(lJlI _:
-- = - <0.
u∂k E+0-

(15)

Thusuisadecreasingfunctionwithrespecttok.ThismeaIISthattherateofcapital

utilizatiorl,u,Increasesifthelevelofexpecteddemand.A risesurlderaglVenStockof
capital,〟.

Theelasticityofuwithrespectton,ontheotherhand,isshowntobe

n∂u 1-(1-E)0
右百完 E+0-

whcrc0isdcfincdas

o=#

<O , (16)

(17)

Itrepresentstheelasticityofthelorlg-run prOductiollfunctiorlI(,rL)withrespecttoIrk,
and0<0<1iftheproductionfunctionsatisfiesInada'scollditiorlS(3).Thusuisa
decreasingfuIICtioIIWithrespectton.Itimpliesthat,otherthingsbeillgequal,ahigher

labor-Capitalratioyieldsalowerrateofcapitallltilization.

Theresultsobtainedabovearesumlrlarizedasfollows.Ir上theshort-rul上,glVellthevalues

ofkandrl/,therate()flltilization,u,isdeterminedbyprofit,maximizing(:()nditi()n(14),

andthen,theproductpriceisdeterminedbytheinversedelnandfunction(8).IIIOther

words,theshort-rundecisionsoftherepresentativefirmunderimperfectcompetitionare

todctcrmincth(〕rate()flltilizationandtheprlC(1°fprodllCtateachpoint()ftime,glV()n

expecteddemand,capitalst()(三kandtedlnOl()gy.

4.A ModelofInvestmentDecisionsandtheChoiceofTechnique

Inthelastsection,wedealtwiththeshort-rundecisionsofthefirm,giventhestock

ofcapitalandtechnology.Wenowturntothelong-rundecisionsconcerningInvestment

andt()dln()1()gy.

TheiIIVeStmentdecisionsofthefirmareInadebasedontheexpectatioIISaboutdemand

andcostsovertheperiodsduringwhichthenewlyInstalledequipmentWillbeused.So
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Cxpcctationsforinvcstmcntdecisionsmaybccharactcrizcdaslong-runcxpcctations,

differingfromthoseforthedecisionsofcapitalutili7,ation.

InordertomakeexpectationsaboutdemandandcostscentraltoiIIVeStmentdecisions,

wefollowthestandardtheoryofinvestmentdecisionsthatemphasizesthepresenceof

coststochanglngthecapitalstock.Ⅰnaddition,however,WeassumetllatChangesill

techniquesembodiedinthecapitalst()ckalsoinvolveadjtlStmentCOStS.Soweintr()du°e

twokilldsofadjustIIlerltCOStSillOuHIIOdel.

LetusfirstformulatetheassumptionaboutadjustmentcostsforirlVeStment.Followlng

Hayashi(1983),adjustlnentcostsPerunitofinvestmentareassumedtoriseasafunctioll

ofIt/Kt,whichisdenotedbygtinthefollowing.Then,thetotaladjustmentcostsCtis
wI･itterlaS4)

Ct-◎(It/Kt)It-◎(gt)It, (18)

where◎(gf)istheper-unitadjustmentcost.Thisfunctionisassumedtohavethefollow-

irlgpI･OpeI･ties:

◎(o)-0, ◎′>O, ◎〝>O. (19)

Inotherwords,theperunitadjustmentcostincreasesmorethanproportionallyasgt
lnCrCaSCS.

WeassllmetheprlCe()f(:apitalgoodstobe(:()nstant.pllttingiteqllal t()unityf()r

convenience.Then,thetotalcostofinvestmentbecomes

(qt+◎(gt)iIt-[(1+◎(gt))gt]Kt-4,(gt)Kt, (20)

where4,(gt)-‡1+◎(gi))gt･Inviewof(19),thisfllnCti()nhasthefollowingproperties:

¢(o)-0, ¢′>O, ¢′′>O. (21)

IfwcIgnorethed(〕prcciati()nof(:apital,wchave

Kt-gtKt. (22)

Letusnextconsideradjustmentcostsaccompaniedbychangesinthetechniqueem-

b()di()dinthecapitalst()(:k.Thet(Khniquc(〕mbodicdinth(〕()Ⅹisting(:apitalstockis

expressedbyitsIlOrmallabor-capitalrationL.Ifcapitalisassumedtobecompletely

malleable,thelabor-Capitalratiowillbeadjustedinstantaneouslytochangesinfactor

prlCCS.Inreality,howcvcr,factorproportionsarclargelycmbodicdinexistingcapital:

technologylSPutty-Clay.Inthiscase,thelabor-Capitalratiowillnotinstantaneouslyget

totheoptimallevelrespolldingtochangesinfactorprlCeS.Totakeintoaccounttllisfact

irlOurrnOdel,ratherthanexplicitlyallowIIlgforaputty-claytechnology,weassumethat

4)ThisfわrmulationofadjustmentCOStSIbllowsHayashi(1983).



Lhci"=lfacestIICCostoradJuSLII■graCLOr]'rOPrt.0■lSa)Tl.e1.,､､,I.I,LLhcnnllCa'lCOntrOl

HHhCStIOrL-rllnlStl0日ltbllhLsLlmedcm,aLIVe711Dc1-0LlllgtllCrlrm SCOIILrol､,arlabtc

bye.≠chEL＼t}

(23)

Wcassur"cLllaLLhccl満LoradJustmgtllel-OT111a日abor-cal〉1talraいO,lIE.(lcIXtr)d50tHLs
rateorcl)a"gc,"トarldthesIZeOrC叩】tatStockI(hSl托ClllCaHy.≠ccxprlSS ILas

Cp-や(rl')I('=中(J5')I(' (24)

HereLhcruncLlOIl¢(llf)rcpre父1ltlngtheadJuSLnCrLLCIX'Ll妃rl川ILOrGal)1LalhastllC
rollowmgprOIN=rいcs

V,(O)=O,Q(71J)…o d印 n(llngon TI.…0, や〝, 0 (25)

InotherwordsLhcO鴨LOrChanglng,LzlllCrCaSCSWILhaJllnCTCa5mgrateaSLhcdcgrccof

lLSChallgClnCrCPLSq TheadJILSLll-C･一tCostsrl"lCtIOIISaいsryltlg(25)1SShOW lHIIF■gL■rl:3

(../A

め(lJl)

F】GURJ.H Tl和人(1J"SLmc,.tCo等t弓forClmnglIJSl一斗b･〉r-Cll)･LtltlrltLt10

T･.k‖一gmLO 1.CL;0.mLI,hccostForll一､,CSL.nCIlt(20)a･ldLhccostl0lClllulgmgr(一Ctor

I"0pOrL10日S(24)､vccllt】CXpEGStheprcsclltVatl･COr仙cfuTll'sloTlg-rL日日HOf)L5aS

vo=r b･.L･I(n･)-W･I".L･,TLL-"g･,-Msr,)l{･e-･･̀Il- (26)

WhereⅥc FLSSIH)1eLhcreaLraLcorlnLereSL71tObccollSt.1111..IllVICll,0(1l一(-1nVCrSed(･lnand

ru)[ctl0ll(8)Lll叩 rlCCOrl'rOducts■5g】VC]lby

5)A･･,."laraLSB"･.I,t･0･=9madebyBlaJ.Ch･ard(1997)
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pL -(71,Lf(rl/)kt)~E ,

andaswediscussedinthelastsection,therateofcapitalutili7,ationisglVenby

ut-u(kt,nt), uk< 0,un<0.

Here.ktisdefiIledas

kt≡賢
(29)

Inthefollowingdiscussion,weassumethatthefirmexpectsthedemandfortheirproduct

atthcgivenprlCCleveltogrowataconstantrateα.Thcrefor c7Wehave

At-Aoe'セt.

Takingthetimedcrivativc()f(‥quation(29)andsubstitutingfrom (30),wchave

kt-(gf-Ck)kt.

(30)

(31)

Tnsum up,theprnblem nfillVeStmentdecisionsandtlleChoiceoftechniqueoftlle

imperfectlycompetitivefirmistornaxirnize

V o-/∝[ptutf(,rLt)-Nth(,ut),rLt-4)(gt)-頼 t)]k･te~(r~m)tdt, (32)

subjectt()theconstraints

kt-(gf-｡擁

nt=SL?

wherepLisgivenby(27)･Inthisproblem,Btalldstarecontrolledbythefirm,whilekL

andntarestatevariables.

Tosolvethisproblem.wesetupthepresent-valueHamiltonian:

Ht-e ~ (r~n)t[iptutf(nt)-nth(ut)nt-4,(gt)一帖 t))kt

+右(gt-cv)kf+/J,ttSt],(35)

where右 andFLtareShadowpricesOfktandnt,respectively.Thefirstorderconditions

foraInaXilnumOfVoare

右-4,I(gt),

FLt-4,I(st)kt,

右-(r-gt)右-((1-g)ptutf(nt)-nth(ut)nt-q)(gt)-4'(st)) ,
/1/i-(r-ck)/i,ド ((1-E)ptutf'(rlJt)-Wih(ut))kt･

Thetransversalitycollditionsare

lim 損 fe-(r一m)i-0, 1im n仙 e-(r 一m)i-0･
tl co il cx3

叫

叫

叫

叫

叫

持
､
招
＼
持
＼
eL

持
,
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Thesystemconsistingofthesixequations(33).(34),and(35a)～(35d)includessixvari-
ables:gt,st舟 ,nt,右 and的 ･So･itiscomplete･Thesolutionofthissystemdetermines

tllepathnftllnSeVaI-主ables.Butthesystem istnncomplextobesnlvedexplicitlyfor

thegeneralsolution.hlthefollowing,therefore,wediscussinvestmentdecisionsandthe
choiceoftechniqueseparatelybymakingsomesimplifyingassumptions.

5.TheChoiceofTechniqueoft.heFirm underImperfectCompet,ition

Wefirstconsiderthechoiceoftechniqueofthefirm･Equatioll(36b)Showsthatthe

optimumrateofchangeoflabor-capitalratio,st,isdeterminedbytheconditionthatthe

shadowprlCCOflaborperunitofcapitalequalsthemarginaladjustmentcostofchanging

labor-capitalratio･But,inviewof(36d),theshadowpriceoflaborperunitofcapital,

FLt,Carlbeexpressedasfollows:

/J,i =十cJ~(T~'t)(T~t)((1-E)pT7,,Tf'(nT) - WTh/(71,T))kTd' (37)

ThisequationstatesthatthevalueoflaborperunitofcapitalataglVentimeequals

thediscountedvalueofitsfuturemarglnalrevenueproducts.Substitutingthisequation

into(36b),wehave

7/) I(5L)kt-
仁
e~ ('r~ 〔t)(T ~ t)((1 - E)pT7,,Tf'(nT)-WT坤 J,丁 )) k T d71. (38)

Attimei.ktisglVenSinceitisastatevariable.Therefore,thisequationdeterminesst

ifthcfirm'ScxpcctationofthefuturemarglnalrcvcnucproductsisglVCn.Thisresult

impliesthatthefirm'Sexpectationsabolltfuturedemandandcostsarecrucialinthe

determinationoflabnr-capitalratioiftlleadjtlStlnelltCnStSfbi-itschangesaI-etakeninto
account.

However,thediscountedvalueofthefuturemarginalproductsoflaborperunitof

capital,theright-handsideexpressionof(38),dependsnotonlyonexpectedpricesand

wagesbutalsoollthefuturevaluesof,rLandk.I3ut,those futurevaluesareaffected

bythelevelsof5tandgtt()bedeterminedatpresent･S().tSt(:ann()tbedeterminedby
equation(38)alone.Itisdetermilledsimultaneouslywithothervariablesinthecomplete
system.

In()rdcrtos(Mkameaningfulexplanationforthedctcrmination()fthelabor-capital

ratio,wefocllSOnthesteadystateofthe(:()mpletesystem .Putting巌 -oin(33)and
ht-Oin(34),wehavegt-αandst-O.Next,puttingAt-°in(36C)andiLt-Oin
(36d),andsubstitutingfrom (36a)and(36b),respectively,wehavethefollowingsteady
stat("clationships:

(1-E)p,uf'(n)-Wh(,a),rL-0.
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Inviewof(27)and(28),thesteadystatevaluesofpanduaredctermincdby

p-tuf(n)kI~E, (41)

u-u(k,n)･ (42)

Takingtheserelationsintoconsideration,thesteady-statevaluesofkandnaredeter-

Ininedby(39)and(4O)･Thewagerate,W,therateofinterest,r,andtheexpectedrate

ofgrowth.α,areglVerleXOgellOuSly.

Ifweuseequation(1O)tosubstituteoutpandW inequation(40),wehave

∴ ●:‥-uh'(u)
(43)

Noti(三(〕th(〕assllmPti()nsthatw(汁()mad(〕()ntheutilizationfllnCti()nh(u)ins()｡ti()n2.

Specifically7assumption(f)Statesthat(43)holdsifandonlyifu-1･Inotherwords,
therateofutilizationisatthenormallevelinthesteadystate.Onthiscondition,we

canrewrite(39)and(40)asfわllows:

(1-E)pf(n)-Wn-4,(ck)+(r-α)4,′(α)7

(1-ど)pf'(n)一W -0.

Eliminatingpfromthcsctwoequations,wchave

f/(n) W

I(,rL)-,rLf'(γん) 4)((七)+(,r･-Lk)qy(α).
(46)

Thisequationdeterminesthenormallabor-capitalratio,n,atthesteadystate,glVenW.
randα.

CalculatingtheeffcctofachangeinW orronT7/from eqllation(46),wehavethe

followlngresults:

W ∂n f'(n)[f(n)一 nf'(n)]
naW nf(n)i"(n)

< 0 .

1∂rlJ f'(n)lf(n)-ni′(rlJ)] 4/(a)
完百才 nf(n)f"(n) 4,(ck)+(,r･-α)g(α)

>0.

Thus,thelabor-Capitalratiodecreaseswithanincreaseinthewagerateandincreases
withanincrcascintherate()fint(汁(〕St.Itsho111dbcnotedthatthcscresultshavebc(n

obtainedfrom the(:()mparisonofsteadystates.Sincethen()rmallabor-capitalrati()is

fixedintheshort-runinourmodel,itdoesnotrespondinstantaneouslytochangesin

thewagerateorinterestrate.CorrespondingtoglVenfactorprlCeS,theoptimumlabor-

capitalrati()isattainedonlyatth(〕steadystate.Bllt,ittak()squitea1()ngtimef()r

thetransitionfrolnOneSteadystatetoanother.SochangesinfactorprlCeSCanleadto

changesinfactorproportionsonlyinthelong-run.



TW T,STW TTT'17,… 10NSANnTTTF(-.TTOTCl70TTI,(.TTNTQL-17,0TTTTrrlm 什 NT汀,T… TT,T,Tm (.T(.0W rTTTT｡＼ 13

6.Investment,Decisionsoft.heFirm underImperfectCompet,ition

LetusnextcnIISiderinvestmelltdecisionsnfthefirm byassumillgthatthenormal

labor-capitalratio,n,1Sgiven.Sincechangesinthenormallabor-Capitalratiotakequite

alongtimeaswasmcntioncdabove,thissimplifyingassumptionmaybcjustified.It

shollldbenoted,however,thattheactuallabor-capitalratiochangeswiththerateof

capitalutiliy:ationaswasalreadyexplainedinsectioI12.

Withthissimplifyirlgassumption,Investmentdecisionsofthefirm areformulatedas

theproblemofmaximizlng

Vo-
仁
[pt,utf(n)-Nth(nt)n-b(gt)]ktA｡e-(r-叫 di,

subjectto

kt-(gt-α)kt

(49)

(50)

wheretheproductpriceptisgiverlby(27),andtherateofcapitalutilizatiorlutby(28).

SiIICethenormallabor-capitalratio,n.ishereassumedtobeconstallt,thoseequations
arewrittenas

pt-(utf(n)kt)~E (51)

ut-u(kt). (52)

Foranalytical｡()nvenience,werewritetheobje(三tivefllnCti()nofthefirm,(49),interms

oftherateofreturn oncapitaldefinedby7Tt-(ptYt-WtNt)/qtKt.Sinceweputqt-1

withoutthelossofgenerality,therateofreturnoncapitalcanbeexpressedas

ptYt-WtNt
7TL
Kt -pf71,tf(rlJ)-WLh,(71,i)rlJ.

Sllbstitllting(51)and(10)intothiseqllati()nyields

汀t-半 iutf(n)ktP utf(n),

whereEisdefinedby

E≡筈

(53)

(54)

(55)

Thus,therate()freturn,7T.isexpressedasafllnCti()n()fuL,kLandrl/.But.rlJisassllmed

tobeconstantandutisexpressedasafunctionofk･tinviewof(52).Hence,7Ttisreduced

toafunctionofkt:

7TL-7T(木). (56)
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Calculatingtheelasticityoftherateofreturn,7Tt.Withrcspccttoktfrom(53)and(14)

yields

LJ(木)≡
ktd7Tt EE

7Ttdkt~E+E-1
(57)

Inviewof(54),E+E-1>0mustbesatisfiedif7Tt>0･Withthiscondition,therefore,
wehaveLJ(塞)>0.ThisilnPliesthat7Ttisadecreasingfun ctiollOfk･t.
Using(56).wecanrewritetheobje(:tiveflln(:ti()nofthefirm,(49),asfollow s:

Vo-/.'∝[7T(kt)-b(gt)]ktAoe~(r~̀項di (58)

Thus,1nVeStmentdecisionsofthefirm becometheproblem ofdeterlninlnggtSOaStO

maximize(58)subjecttotheconstraint(50).

Tosolvethisproblem.wesetupthepresentvalueHamiltonian:

Ht- e~(r~坤[1,Tt(k･l)-4,(gt))+右(gt-ck)]kt,

wheI･e右 istheshadowpriceOfkt.WeputAo-1withoutthelossofgenerality.

Thefirst()rdcrc()nditionsf()ramaximum()fVoare

右-4,I(gf)

人t- 入t(Ir･-Bt)-[7T(kt)(1-LJ(k･t))-4,(gt)],

whcrcLJisdcfincdby(57)above.Thetransvcrsalityconditionis

lim榊 ′(gt)e~(r~a)i-0.∫-ヽ

Elim inating 右 froln(60a)alld(60b),weobtain

女t-4,′(gt)(lr-gt)-[7r(kt)(1-LJ(kt))一¢(gt)]
4,〟(gt)

(59)

(60C)

(61 )

Equations(61),(5O)and(60C)characterizethefirm'sinvestmentbehavior.

LetusanalyzethesystemconsistingoftheseequationsbytlSlngaphasediagram.The

1()(:llS()fp()intswh(〕r(〕gt-0satisfi()S

4,/(g)-
7T(k)(1-LJ(k))I4,(g)

(62)
T.Ig

TheslopeofthislocusollOkgplallein FiguI･e4iscalculatedfrom thisequationas
f()ll()ws:

7T′(k)(1-LJ(k))一7T(k)LJ'(k)
(6 3 )
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7.Conclusions

Inthispaper,WeiIIVeStigatedinvestlnelltdecisionsandthechoiceoftechniqueofthe

firm underimperfectcornpetition.Ourmodelhastwospecialfeatures.First,weana-

lyzedafirm'sinvcstmcntdecisionssimultaneouslywiththechoiceoftcchniquc;second.

weanaly7,edthebehaviorofimperfectlycompetitivefirms.Wedistinguishexplicitlybe-

tweenthenormallabor-capitalratioandtheactuallabor-capitalratio.Theformeris

determinedbythechoiceoftechniqueOfthefirrn,andthelatterbytherateofutiliza-

tionofexistingcapital.Wcassumedthatthenormallabor-capitalratioisfixcdinthe

short-run,andadjustmentcostsareneededforchangingtheratiotowardsanoptimal

level.So,IllOurmodel,adjustlnelltcostsareiIIVOIvedriotOrllywithiIIVeStmerltaSusual.
butalsowithcharlgeSinfactorproportions.

Asforthechoiceoftechnique,thecolnParisollOfsteadystateshasrevealedthata

riseinthewageratedecreasesthelabor-capitalratio,whileariseintheinterestrate

increasesitsI･atio.TheseresultsdoIlOtSeem SurpI･lSillg.ItshouldbellOted.however,

thatinollrmodelthelab()r-(:apitalrati()attainsitsoptimallevel(:()rrespondingt()fact()r

pricesOnlylnthelong-run.For,ittakesquitealongtimeforthetransitionfrom one
steadystatetoanother.

Asforinv(〕stm(ntd()｡isions7WChav()sh()wnthatth(〕(〕Xpc(:todgr()wthrat(〕()fdemand

isanimportalltdeterminalltOfinvestmentillCasethefirlnisunderimperfectcompeti-

tion.Thisisduetothefactthattheimperfectlycompetitivefirmbaseshisinvestment

decisionsonquantitycxpcctationsunlikethepcrfcctlycompctitivcfirmwhobasesitsdcI

cisionsonprl(:(〕(〕XPC(:tations.Th()cxpcctcdgrowthrateofdemandmayb()intcrprctcd

tocorrespondtoKeylleS'animalspiritsthatreflectthestateoflong-runexpectationsof
thefirm.

Lastly,Wchaveshownthatthewagerateandtheintcrcstrateaffectinvcstmcnt

indirectlythrough theireffectsonthenormallabor-capitalratio.Theseindirecteffects

ollinvestlnelltthroughthechoiceoftechniquewillworkorllyIr上thelollg-rul上.
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