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1In七roduction   

htheanalyticalrealoptionsapproach，themostim－  

portantprOpOSitionthatthevalueoftheinvestment  

OppOrtunityincreases as the volatilityincreases has  

been proved by assuming the convexity ofthe drift  

ofthestochastic di丘brentialequation de丘ned as the  

StateVariablelThis paper demonstrates numerical1y  

thattheconvexityofthedriftisnotnecessaryforthat  

propositionintherealoptionsapproach．  

glVenby  

C（∬）：＝鶴SSup正芳［e‾け（み一刀匿］， 
丁∈丁；   

（2）  

whereXt＝：X∈R＋＋．EX＝31】standsforthecon－  

ditionalexpectation operator evaluated attheinitial  

StateX＝Xtwithrespecttotheriskneutralmeasure  

P．AndZ∈R＋＋Standsforthesunkcost・   

Aftersomealgebra，thevalueinthecontinuationre－  

g10nSatisfiesthefo1lowingordinarydi鮎rentialequa－  

tion（ODE）：   

和）C′′（可＋牒（押（∬）－γC（∬）＝0， （3）  

Wherex＜x＊．x＊standsforthe optimalthreshold．  

Thecorrespondingboundaryconditionsturnouttobe  

C（0）＝0，C（∬り＝∬＊一丁，C′（が）＝1・（4）   

AccordingtoTheorem20r3inAIvarezandStenbackn  

（2001），WeStateanimportantlemma・   

Lemma2・1A肌me去年α王統ed頑fe門Ⅶ〝（〇）0乃萌Mト  

如乃〃ノ由coれUe∬血諾・meγl，兢evαheカ‘mC如乃C（∬）  

由玩c陀αβ豆陀タα氾d co陀γぼ血∬．肋柁0〃er，兢e vαg祝e  

C（∬）豆乃C†℃αβeβαβ兢evogαま鵡yJ血c†℃αβeβ．  

2 Some Preliminaries   

Considerafirmhavingthepossibilitytomakeanir－  

reversibleinvestmentthatincrease＄hisprofits．Wbas－  

sume that the Rrmis riskneutral．Ⅵ屯denot．e astate  

variablethattherevenllefortheinvestment depends  

uponby（Xt）粍R＋thatisdefinedonacompleteRltered  

probabilityspace（n，F，（ろ）t∈R．，P）・  

Itis assumed that the revenue process（Xt）t∈R．  

evoIvesaccordingto  

dふ＝〝（ズt）d壬＋J（∬t）dzゎ  （1）  

WhereXo＝：X∈R＋＋．Boththein丘nitesimaldrift  

P：R＋→R＋andtheinfinitesimaldi凧1＄ioncoe伍cient  

q：R＋→R＋＼（0）areassumedtobeLipschitzcon－  

tinuous・Here，（zt）托R＋denotesaone－dimensionalIP－  

standard Brownian mot．ion．Ⅵ屯wi11also assume tbat  

boththelowerboundaryOandtheupperboundary∞  
arenaturalfortherevenueprocess（X）粍R．・   

Supposethatthe current timeis t∈R＋，andlet  

Tbethestoppingtimeatwhichthefirmadoptsthe  

investment opportumity aftertime t．We denote the  

SetOfadmissiblestrategiesattimetby7；．Therisk  

neutraldiscountfactorisconstantandequalsr∈R＋＋・  

The valuefunction oftheinvestment opportunityis  

3 Main Resu皿ts   

Inthis section，We aSSume that the revenue process，  

i．e．，thestatevariable，fo1lowsanon－1inearSDEwith  

COnCaVedrift．Theevolutionoftherevenueprocessis  

definedaぷ：  

dふ＝Kズ士（m一方土）dトト九坑dzゎ  （5）   

wherefC，m，andqaresomeconstants（i．e．，rC，m，q∈  

R＋）．Equation（5）isoftenusedasamodelforthe  

growthofapopulationsizeinastochastic，CrOWded  
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C（ご）   environment．Itshouldbenotedthatthedriftp（x）of  

（5）isnotconvex，butconcaveinx．WecanObtainthe  

fo1lowlnglemma．   

LeInma3．17もe〔β如乃タノβ0ぬ如几げ勒鮎α如犯例由  

夕色町e陀わyニ  

3  

25  

2  

1．5  

1  

05  

。トm一書J2）r＋JZT  

（6）  ズr   

∬－1＋∬Keトm－をJ2）叶♂ヱtd壬   

Note that the explicit solutionis not necessarily ob－  

tainedinmanynonlinearcases．  

simi1art。de，ivati。n。f（3），theBelmaneq。ati。n  

thatthevaluefunctionmustsatisfyinLthecontinuation  

reglOnisglVenby  

芸J2霊2c′′（可＋牒（m．－ヱ）叫ご）－rC（∬）＝0，（7）  
Where：石＜a7’・AIsothevaluefupctionmustsatisfythe  

boundaryconditions（4）asbefore．   

Ⅵ毎useanumericalmethodtocalculatethevalueof  

thefirmandoptimalthreshold・1Figureldepictsthe  

valueC（x）withrespecttotheimitialstatex．2Figure  

lshowsthatthevalueC（x）is‘nolongerconvexforal1  

X；itisconcaveforsmal1valueofx．   

Proposition3．1Ⅳeαββ剋me仇α古仏eβねねuα而α鋸e  

舟gJowβ句祝α如乃（外乃e花，仇eγαg伽eC（∬）由乃Of循∝－  

eββα而Jyco柁γe∬宜乃乱   

According to・analyticalresults on the realoptions  

model，Ⅵ杷CannOtprOVethemostimportant prOpOSi－  

tioninoursetting．Thisisbecausethedriftof（5）  

i苧nOt COnVeXinx・In whatfo1lows，Weinvestigate  

whetherthemonotonicityofthevolatilityonthevalue  

isobtainedornotbyuslngnumericalmethodswhen  

thevalueis not convexforal1x．   

Figure2depicts the valuefor severalchoices of  

VOlatility仇   

Proposition3．27取e value C（x）inc柁aSeS aS the  

即0ねf豆J軸J豆乃C咽ば由eγe几ぴんeヶも仇eβねねuα加ゎね♪J－  

gowβ仇e几0涙れ助r且Dβ「札ひ最ge豆f由陀Of00乃Ue∬か  

αJJご．  
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Figurel．Valueofthefirm  
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Figure2．Impactofvolatilityq  

Inthispaper，Wedemonstratethatthemondtonicity  

Ofvolatilityonthevalueisql山erobust．  
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1wesdニthet仏SicparametersasJ＝5，m＝5，r＝0・05I  

J＝1．0，andK■＝0．02．   

2withtheseparameters，Wefindthattheoptimalthreshold  

ご●is calculatd as7．5692．  
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