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The aim ofthis paperis to analyze the strategies of  

firmsinanoligopolymarketwhentheunderlyingstate  

variabIe fol10WS a geOmetric Brownian motion，ltis  

Shown that．evenin theoligopolycase．threetypes of  

equilibria existasintheduopolycase．Thepresence  

ofstrategicinteractionsmaypushthefirmstoinvest  

earlierthantheoptimaltriggerpoint・  

theinvestment opportunityis assumed to be a con－  

stantandequaltoZ∈R＋．Thatis．a”firmsonthe  

market havethesametechno10gy（symmetricfirms）・  

Each firm seeks an optimal adoption strategy to the 

investmentopportunity・  

3 Se嘲uemもia川FWeStmentS   

LetTidenotetheadoptiontimeoffirmj，andletxj  

betheassociatedtriggerpoint，i・e・，勺＝inf（t∈R．：  

Xt＝Xj）lAssociatedwiththecollectionoftheadop－  

tion（stopping）timesaretheorderedsequenceofran－  

domtimesT（1）＜T（2）＜…＜T（n），Thatis・bydefini－  

tion，丁（1）＝min（Tl，T2，…，7h）．and  

T（打1）＝min（勺＝J∈（1，…，れ），勺＞丁（た）），   

k ＝l，2）‥・）n－1・ln particular・T（n）＝  

max（Tl，T2，・・・，7h）・Similarly，Wedenotetheordered  

SequenCeOfthethresholdsbyx（k）・k＝1）2？…）n・   

Supposethat（T（k－1）＜t），i・e・therearekfirms  

thathavenotinvestedbeforetimet．lnthiso＝gopoly  

Situation，thevaluefunctionoftheleaderamongthek  

firmsisgivenby  

辺‘m旭川跡地鳳   

Considern∈N firmsin a marketwith theopportu－  

nitytomakeanirreversibleinve－StmentlA．Ifirmscan  

be active on the market to produce a singIe product  

and compete with each otherto maxjmize their prof－  

its．Therevenueofeachfirmisuncertain depending  

on the future condition of the market．VVb describe  

thisuncertaintybystatevariabIeX＝（Xt）tER．Which  

evoIvesintimeaccordingto：  

＝〃机輌，£≧0，  （1）  

where（zt）tER．denotesthestandardBrownianmotion，  

andwherepandqispositiveconstants，Asusual，the  

mean growth rateis assumed to be strictlyless than  

therisk－neutraldiscountfactorr，i．e．p＜r．AIso，it  

isassumedthroughoutthatthefirmsareriskneutraI・   

Supposethatk．k≦n，firmsareactiveonthemar－  

ket．Therevenueflowofeachactivefirmisgiven by  

P（x）＝7TkX，7Tた∈R．，WhenXt＝X・Theconstants  

7Tk are nOn－increasingin k．k＝1，2，・・・，n．meaning  

thataninvestmentislessprofitab［ewhenmorefirms  

haveinvested．ThissituationiscaHedastrategicsub－  

Stitution and often observedina marketconsistingof  

COmPetingfirms．Thesunkcostforeachfirmtoadopt  

〈E：1：  

■ 丁（k＋1）  

●  

（k）  

e一再－t） 打たズβdβ  tlk）（x）＝  eSSSuP  

T㌫）∈策  

－E牛巾刷l苫］  

e‾再‾t）勺ズβdβl苫  

Jニ  

e‾γ（き‾t） 
町mズβdβlろ  ＋E〇  

WhereT昌）denotestheoptimaIadopt●Ontimeforthe  

j－thfoJ10WerObtainedabovewithT㌫．1）＝∞・  
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SinceⅦ（x）isstrictly－concaveandl儀．．）（x）isstrictly  

COnVeXin3；∈（0，X芋k．1））・thereexistsauniqueroot  

x6c）∈（0，X芋k．．））fortheequationⅦ（x）＝畷十．）（x）  

（seeFigurel）．  

Proposition3・lTheoptimaIthreshold鴇）tOadopt  

the investment opportunity is given by 

鴫）＝万室二崇∫・  （2）  

ThetriggerpoInt鴇）isstrictlydecreas一nginkand  

increaslnglnVOlatilityJ・  

4 Equilibria  

Supposethat（k－1）firmshavealreadyinvested，and  

SuPPOSethatfirmi，amOngtheremaining（n－k＋1）  

firms，decidestoinvestimmediately．Then．theva［ue  

functionforfirmi（theleader）isgivenby  
Figurel：Valuefunctionsfortheoligopolymarket   

榊＝計卜 
1 （孟）β  

汀ゴー1‾雪上J  ThenextresuItisadirectconsequenceoftheprop－  

ertiesofthevaluefunctionsstated above．VVbare now   

in a position to state our main result. 

Theorem4．1Suppose that there are n firms that  

have notinvestedin the market．Then，We．have the  

fol10WingoutcomesfortheinitiaJstatex．  

1fxBc）≦x＜環．．）・theneither  

（k－1）somekfirmsinvestnow．theother（n－k）firms  

㌫）insequencel  investatT昆十1）・…・T昆＿1）・T  

（k－2）somem，m＞k，firmsinvestsimultaneous［ynow．  

theother（n－m）firmsinvestsimultaneousIyorsequen－  

tia‖yaftertime7一昆1．1）・Or  

（k－3）aHfirmsinvestsimultaneouslynow．   

FromTheorem4．1．wenotethatthereisthepossibility  

Ofsequentialequlibriain ouroligopoly market．Note  

alsothat′intheinterval（環）≦x＜環．1））・although  

the outcome that only one of the firmsinvestsis a  

Paretooptimum，thereisthepossibilitythatmorethan  

twofirmsinvestsimultaneously．  

∬（j），  
‘J、‾〃  

Wherex＜鴫．1）・Thevaluefunction V謁（x）rep－  

resentsthe presentvafueofthe profitobtained after  

Carring out theinvestment．and satisfies the value－  

matchingconditionⅦ（瑞十1））＝愕」1）（鴇＋1））・   

Ontheotherhand，SuPPOSethatfirmidecidestobe  

afol10Werandtakethe（k＋l）thinvestmentopportu－  

nity．ThevaIuefunctionforfirmiisgivenby  

畷・1）（ご）＝（志）β詩  

打ゴー1‾汀j  
＊ ご（J），  

γ‾〝  

Where x＜鴇．1）lThe value functionl儀．1）（x）  

represents the option va（ue to deIay theinvest－  

ment opportunity．and satisfies not onfy the vaIue－  

matchingcondition惰．1）（鴫．1））＝愕」l）（瑞．1））・  

butalsothesmooth－PaStingcondition愕＋1）（鴫．1））＝  

喘1）（瑞．1））・  

Lemma4．1ForaH k＝l，2，．．．，n－1，Wehave：  

（1）ThevaluefunctionV謁（x）isstrictlyconcavein  

X∈（0，鴇十1））・Whilethevaluefunctionl儲十1）（x）is  

St「ictJyconvexinx∈（0，鴫十1））・  

（2）We havel／謁（x）＞ 愕」1）（x）andl儲）（x）＞  

畷＋1）（∬）fo「∬≦鴫）・  

5 Conclusions   

V帖demonstratethat．evenintheoligopolycase，three  

type ofequiIibria exist asin the duopoly case．The  

presenceofstrategicinteractionsmay pushthefirms  

toinvestearlierthantheoptimaltriggerpoint・  
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