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This paper investigates a new valuation method of shipping
investment. From the view of traditional valuation methods,
uncertaintyincreasesriskofinvestmentanddiscountsthevalueofit.
However,intheRealOptionAnalysis(ROA),thenew methodinthis
article,uncertaintymeanssomeadditionalvalueofflexibilitysothat
themodelcanproduceamoreexactjudgement.

A ship,asaninvestment,hasbeenregardedasaveryriskyasset.
Beforefinancingit,investorshavetoconsiderseveralriskssuchas
market,political,and timing.Among therisks,marketrisk hasa
verynegativeeffect,becausesupplyinelasticitymakestheeconomic
cycleofthefreightmarketmorevolatile.
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Themostfrequently used valuation technique,up to now,isthe
DiscountedCashFlow(DCF),suchastheNetPresentValue(NPV)or
the InternalRate ofReturn(IRR).However,the DCF has some
shortcomings. For instance, it depreciates the investment as
uncertainty increases,and cannotreflectthe value ofmanagerial
flexibilityasmarketconditionschange.

Inthispaper,theROA ispresentedasanalternativetotheDCF.
Basedon thepricing modelofoption,afinancialderivative,ROA
analyzes and evaluates the flexibility inherentin the investment.
Reviewing the characteristics ofit,fleetinvestmentcan be seen
havingseveralrights:arighttoabandon,arighttocontract,anda
right expandtheinvestmentbeforematurity.

Inordertoassessthevalueofoption,weusetheBinomialOption
PricingModelbyCox,Ross,andRubinsteinin1979.Inaddition,by
applyingthem toevaluatingthesameinvestment,bothmethods,the
DCFandtheROA arecompared.
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국국국문문문초초초록록록

실실실물물물옵옵옵션션션가가가치치치평평평가가가법법법을을을 활활활용용용한한한 선선선박박박투투투자자자 가가가치치치평평평가가가

본 논문은 위험 자산으로 분류되는 선박에 대한 투자가치 평가시 새로운
대안을 제시하는 데에 목적을 둔다.불확실성이 증가할수록 가치가
낮아지는 기존의 가치평가법을 대체,실물옵션가격결정법을 제시하여
기존의 방법이 간과하고 있는 유연성의 가치를 발견 및 측정하여 좀 더
정확한 가치를 평가하기 위함이다.

선박은 전통적으로 위험 자산으로 분류된다.시장위험,정치적 위험,
자연적 위험 등 수많은 위험에 노출되기 때문이다.특히 해운경기는
공급의 비탄력성으로 인해서 경기변동폭이 크기 때문에 시장위험은
선박의 투자가치에 매우 부정적인 영향을 미친다.

현재까지 투자가치평가에 가장 널리 쓰이는 방법은 현금흐름 할인법으로
순현재가치법과 내부수익률법이 대표적이다. 이러한 기존의 방법은
불확실성이 높아질수록 투자에 대한 요구수익률이 높아지므로 투자안의
현재가치를 감소시키는 상황이 발생한다.또한 투자안의 가치가 평가
당시에 정한 요소,예를 들어 할인율,현금유입,현금유출 등에 의해
결정되기 때문에 추후 상황에 따라 전략을 변경하는 경영상의 유연성을
제대로 반영하기 어렵다.

본 연구에서는 이러한 현금흐름할인법을 대체하기 위하여 새로운
투자평가기법인 실물옵션가격결정법을 이용하고자 한다. 실물옵션
가격결정법이란 금융 파생상품인 옵션의 가격결정모형을 이용하여
투자안에 내재된 유연성을 파악하고 그 가치를 평가하는 방법이다.
가치평가 대상의 특성을 고려해 볼 때,선대투자는 포기옵션,축소옵션,
확장옵션 등 여러 종류의 실물옵션을 내재하고 있다.
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실물옵션의 평가모형은 Cox,Ross,Rubinstein의 이항옵션평가모델을
기초로 한다.끝으로,현금흐름할인법과 실물옵션가격결정법을 실제
선대투자 가치평가에 적용하여 두 방법에 대한 비교를 하고자 한다.
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111...OOObbbjjjeeeccctttiiivvveeeaaannndddBBBaaaccckkkgggrrrooouuunnnddd

Few industriesareasinternationalordynamicasshipping.1)Freight
ratesinshippingmarkets,especiallytankeranddry-bulker,fluctuate
significantly.For instance,the Baltic Dry Index(BDI),an index
coveringfreightratesindrybulkshipping,hadsoaredaboutfourfold
from 2,620PinearlySeptember2007to11,039inmidNovember2007.
Theindex,however,hadbeenslashedto5,948,nearlybyhalf,inlate
January2008.

Supplyinelasticityisoneofkeyfactorstosuchvolatilemovementof
freightrates.Contrarytothesupplycurveofthegeneraleconomic
theorywhichmovesaboutlinearlyupwardsinrelationtoincreasing
demand,the supply curve in shipping is completely different.It
movesverticallyupwards.2)

Duetosuch uncertainty in income,aship,asan investment,has
been regarded asavery risky asset.Borrowing money forships
needs more required rate of return for lenders.Such risk or

1)C.Th.Grammenosand E.M.Xilas,Shipping Investment& Finance,Cass
BusinessSchool,2004,Intorduction

2)B.Volk,"TheDynamicsofSupplyandDemandinTrampShipping,"Launceston,
2002,pp.2-9
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uncertainty makesshipping investmentlessattractivetoinvestors.
According to the rules of the discounted cash flow(the DCF
hereafter),the mostdominantinvestmentvaluation method up to
now,highriskrequireshighreturntoinvestors.Consequently,the
valueoftheprojectisdepreciatedasthediscountrategoesup.

However,the DCF overlooks some opportunities in investments
becauseitassumesthateveryfactorintheinvestmentisstatic,that
is,theexpectedcashflowsandtherequiredrateofreturnwillnot
changeduringtheprojectlife.Contrarytotheassumption,thereare
alotofcontingenciesin businesspractices.Themanagementhas
optionsormanagerialflexibilities,forexample,theycanpostponethe
projectuntilthemarketconditionsareexpectable,ortheycanexpand
theinvestmentwhenthemarketisbullish,ortheycandisposeofthe
assetand getthe salvage value when the marketis extremely
bearish,andsoon.

The real option analysis(ROA) or, the real option pricing
model(ROMP),emergedasanalternativetotheDCFinearly1980s.
Some celebrated scholars intuitively investigated the similarity
between the asymmetric payoffs of options and the additional
opportunitiesininvestments.TheROA findsandassessesthevalue
ofmanagerialflexibilitiesorrealoptions,inherentintheinvestments
byborrowingprinciplesfrom thefinancialoptionpricingmodels.

Inthispaper,afleetinvestmentisillustratedandanalyzedusingthe
DCF and theROPM.Given thevolatility in shipping market,the
ROA candiscoversomeadditionalvalueintheinvestmentthatthe
DCFcannotandhelpthemanagementevaluatetheinvestmentmore
accurately.
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222...MMMeeettthhhooodddooolllooogggyyyaaannndddSSStttuuurrruuuccctttuuurrreee

Thispaperusesthebinomialoptionpricing modeltoevaluatethe
realoptionsin thefleetinvestment.Anoption toabandon canbe
regardedasaputoption;anoptiontoshrink(orcontract)canbeseen
asaputoption;andan option toexpandcan beseen asacall
option.In addition,thereisnotimerestriction toexercise,which
meansthattheoptionscanbeexercisedbeforeitsexpiration.Thus,
as much as the values ofamerican options are inherentin the
project.

Thisthesisisorganizedasfollows.Chapter2theoretically reviews
theexistingvaluationmethods,suchastheNPV andtheIRR,and
theoptionpricingmodels.Chapter3discusseslimitsoftheDCFand
introducestherealoptions.Chapter4comparesbetweentheDCFand
theROA by applying both methodsto arealinvestmentproject.
Chapter5summarizesand discusseslimitsand extensionsofthe
study.
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CCChhhaaapppttteeerrr222...TTThhheeeooorrreeetttiiicccaaalllBBBaaaccckkkgggrrrooouuunnnddd

TheROA isanew valuationmethodwhichisbasedontheDCF.
Thereforetoanalyzeandassessinherentoptionsininvestments,the
DCF analysis should be done first.In this chapter,theoretical
backgroundsofthosetwomethodswillbereviewed.

111...EEExxxiiissstttiiinnngggVVVaaallluuuaaatttiiiooonnnMMMeeettthhhooodddsss

Moneyreceivedindifferenttimeperiodsisofdifferentvalue3).The
DCF technique,mostlyrepresentedbytheNetPresentValue(NPV)
andInternalRateofReturn(IRR),isdesignedtotakeintoaccountthe
timevalueofmoney.

111)))NNNeeetttPPPrrreeessseeennntttVVVaaallluuueee

Thenetpresentvalue(NPV)ofaninvestmentisthesum ofallnet
cashflows discounted using a single,previously specified discount
rate,usuallythecostofcapitaltotheinvestor.4)TheNPV calculation
canbeexpressedas,

3)C.Th.Grammenosand E.M.Xilas,Shipping Investment& Finance,Cass
BusinessSchool,2004,pp.8-7.

4)Drewry Shipping Consultants,Shipping Finance:A High Risk-Low Return
Business?,1996,pp.67.
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Where: CItisthecashinflow attheendofyeart
COtisthecashoutflow attheendofyeart
risthediscountrate
nistheprojectlife

TheNPV isusedtodeterminethecumulativebenefitoffuturenet
cashflowsincurrentterms.5)IntermsoftheNPV,iftheresultis
positive,theinvestmentisacceptable,andviceversa.

ThediscountrateusedincalculatingtheNPV isthemostimportant
factortotheinvestmentvaluationandthereisaninverserelationship
betweenthediscountrateandNPV6),i.e.astherategoesup,NPV
goesdown,andviceversa.Asreviewedinlaterchapter,thisisthe
main objection of the NPV analysis because calculating the
appropriatediscountrateissomewhatacomplicatedandtoughtask
and,evenifitiscalculated,thereisnocertaintythatthediscount
rateappropriateatthebeginningoftheinvestmentwouldstaythe
sameduringtheprojectlife.

222)))IIInnnttteeerrrnnnaaalllRRRaaattteeeooofffRRReeetttuuurrrnnn

TheInternalRateofReturn(IRR)onaninvestmentistherequired
returnthatresultsinazeroNPV whenitisusedasthediscount

5)op.cit.
6)op.cit.



- 6 -

rate.7)ThebasicprincipleoftheIRR isthataninvestmentcanbe
consideredasthepurchaseofaseriesoffuturecashflows8)orupto
whatlevelthediscountratecanrisetobeforetheNPV becomes
zero.9)TheIRRequationcanbeexpressedas:


  



 
  

  

Where:CItisthecashinflow attheendofyeart
COtisthecashoutflow attheendofyeart
IRRistheinternalrateofreturn
nistheprojectlife

AccordingtotheIRR rule,aninvestmentisprofitableorshouldbe
undertakeniftheIRRishigherthantheinvestor'scostofcapital,i.e.
requiredrateofreturn,anditshouldberejectedotherwise.

Itisalsodiscussedinlaterchapter,theIRR,however,hasseveral
drawbacks, such as multiple rates of return problem in
nonconventionalcash flows and misleading in choosing between
mutuallyexclusiveinvestments.

333)))PPPaaayyybbbaaaccckkkPPPeeerrriiioooddd

Thepaybackperoidisthetimeperiodrequiredforaninvestmentto

7)S.A.Ross,R.W.Westerfield,andB.D.Jordan,FumdamentalsofCorporate
Finance,6th.edition,2003,pp.288.

8)op.cit.,pp.68
9)op.cit.,pp.8-10.
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generatesufficientcashtorecoveritsinitialcapitalexpenditure.The
shorterthe payback period,the greaterthe attractiveness ofthe
project.10)

Althoughthepaybackperiodrulehasitsownadvantage,simplicity,
ithasanumberofseverelimitations.First,itintendstofindthe
nominalbreak-even point,i.e.itignoresthetimevalueofmoney.
Second,itfails to considercashflows occuring afterthe targeted
period.Themethod,however,canbeusefultoshippinginvestment
becauserecoveringthecapitalinvestedquicklyisakeydeterminant
consideringhighlyvolatilecashflowsintheindustry.

222...OOOppptttiiiooonnnPPPrrriiiccciiinnngggMMMooodddeeelll

An option istheright,nottheobligation,to buy orto sellthe
underlyingassetbyapredetermineddate(expirationdateormaturity)
forafixedprice(exercisepriceorstrikeprice).A calloptiongives
theholdertherighttobuytheasset;aputoptiongiveshim orher
the rightto sellthe asset.Options can be categorized into the
"american options"andthe"european options".Anamerican option
can be exercised atany time up to the expiration date and an
europeanoptioncanbedoneonlyontheexpirationdate.

Twomostcelebratedandfrequentlyusedoptionpricingmodelsare
introducedinthispart:theBlack-ScholesModelandtheBinomial
OptionPricingModel.Eachmodelwaspresentedin1973andin1979,
respectively.BotharebasedontheArbitragePricingTheory,which

10)op.cit.,8-12
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means thata portfolio,the setofunderlying assets and options,
shouldearnrisk-freerateofreturn,regardlessthemovementofthe
assetprice.

111)))BBBlllaaaccckkk---SSSccchhhooollleeesssMMMooodddeeelll111111)))

In1973,FisherBlackandMyronScholesdevelopedtheoptionpricing
formulafortheeuropean calloption paying nodividend by using
partialequationdifferential.

Themodelassumes'idealconditions'inthemarketforthestockand
fortheoptiontobederived.12)

1)Theshort-term interestrateisknownandisconstantthrough
time

2)Thestockpricefollowsarandom walkincontinuoustimewitha
variancerateproportionaltothesquareofthestockprice.Thus
thedistributionofpossiblestockpricesattheendofanyfinite
intervalislognormal.Thevariancerateofthereturn on the
stockisconstant.

3)Thestockpaysnodividendsorotherdistributions.
4)Theoptionis“European",thatis,itcanonlybeexercisedat
maturity

5)Therearenotransactioncostsinbuyingorsellingthestockor
theoption

6)Itispossibletoborrow anyfractionofthepriceofasecurityto
buyitortoholdit,attheshort-term interestrate.

11) Fischer said that it is OK that the model should be called
'Black-Scholes-MertonModel'becauseheacknowledgedMerton'scontribution.

12)F.BlackandM.Scholes,"thepricingofoptionsandcorporateliabilities,"The
JournalofPoliticalEconomy,Vol.81,No.3,1973,pp.4.
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7)Therearenopenaltiestoshortselling.A sellerwhodoesnot
ownasecuritywillsimplyacceptthepriceofthesecurityfrom
abuyer,andwillagreetosettlewiththebuyeronsomefuture
datebypayinghim anamountequaltothepriceofthesecurity
onthatdate.

Duetoitscomplexityforcalculation,herewejusttrytoderivethe
fomulabriefly.

Theoptionpricecanbeexpressedasthefunctionofunderlyingasset
priceandtime.



    

Where:μ istheannualrateofreturnoftheunderlyingassetS
σ isthestandarddeviation(volatility)oftheunderlyingasset

From Ito'sLemma,afunctionFofSandtiswrittenas

    



     

Theportfoliocanberisk-freeifthevariancedtisresolved.

      



 

Thus,thepriceofeuropeancalloptionattimeT ontheboundary
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conditionis

    
   



    




 

    


Where:N(x)isthecumluativeprobabilitydistributionfunction
forastandardizednormaldistribution.

222)))BBBiiinnnooommmiiiaaalllOOOppptttiiiooonnnPPPrrriiiccciiinnngggMMMooodddeeelll111333)))

The binomialoption pricing model,developed by Cox,Ross,and
Rubinsteinin1979,issimplertobederivedthantheBlack-Scholes
Model.Itstartsfrom theassumptionthatthepriceoftheunderlying
assetcaneitherincreaseordecreasefrom thecurrentlevel(S0)to
Su(u>1)orSd(d<1).

Asthefigurebelow shows,wecansupposethatfu isthepayoff
from theoptionwhenS0movesup;fdisthepayofffrom theoption
whenS0movesdown.Thesituationcanbeillustratedasbelow when
weextendthetimeperiodtomulti-step.

13)J.C.Hull,Options,Futures,and OtherDerivatives,Pearson International
Edition,2006,pp.234-244.
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Ifthereisonlyonetimeperiod,fortheconvenienceofcalculation,
thecalloptionpriceontheexpirationdatecanbe

fu=Max(Su-X,0),whentheassetpricegoesup
fd=Max(Sd-X,0),whentheassetpricegoew down

Ineithercase,theportfoliovalueshouldbeequal,becausewehave
alreadysupposedthatthereisnoarbitrageopportunities.

       

Where : Δ is the numberofthe underlying assetto make the
portfolioriskless

[Figure1]multi-stepbinomialtree
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WecanfigureouttheΔ from theequationabove.

 

 


Ifthereisnoarbitrageopportunities,asmentionedbefore,thepresent
valueoftheportfolioshouldbediscountedbyr,therisk-freeinterest
rate

       

   

Δ canbereplacedwithequation8,andtheequationcanbesimplified
to

    

Where:   

 

Thisisbinomialoptionpricecalculationprocedureduringonetime
period.Inthemulti-timeperiod,mostprinciplesarealsoused,but
theonlydifferenceisthestartingpoints.Detailsoftheoptionpricing
in themulti-steparedemonstratedinthechapter4,theempirical
study.
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CCChhhaaapppttteeerrr333RRReeeaaalllOOOppptttiiiooonnnAAAppppppllliiicccaaatttiiiooonnntttooo

IIInnnvvveeessstttmmmeeennntttuuunnndddeeerrrUUUnnnccceeerrrtttaaaiiinnntttyyy

Asreviewedin thepreviouschapter,thereareseveralinvestment
valuation methods.In this chapter,the limits of the DCF are
examinedandsomebasicconceptsofrealoptionsareaddressed.

111...LLLiiimmmiiitttsssooofffttthhheeeeeexxxiiissstttiiinnngggmmmeeettthhhooodddsss

TheDCF,uptonow,hasbeenthemostfrequentlyusedinvestment
valuationmethod.Itwasfound,inaresearch, thatanaverageof
86% of424largefirmsusedtheNPV in1978increasingfrom 19% in
nearly two decades ago.14) This is because the conceptofthe
techniqueisexactly aptto fortheprincipleofcorporatefinance:
maximizingshareholder'swealth.Itimpliesthatshareholder'swealth
willincreaseordecreaseasmuchasthecalculatedresult.

However,theDCF techniques,theNPV ortheIRR,haveseveral
drawbacksfrom internalorexternalfactors

14)T.CopelandandV.Antikarov,RealOption:apractitioner'sguide,Thomson
Texere,2003,pp28



- 14 -

First,itfailstoreflectthemanagerialflexibilityininvestment.As
seenintheequation1inChapter2,decisionmakershavetodepend
ontheexpectedfuturecashflowsanddiscountrate"atthetimeof
valuation" and assume that it willbe "constant through time".
Considering today's dynamic business conditions,the mostbasic
principleofthemethod could bethemostunrealisticassumption.
Thus,italsofailstoadvisethemanagementhow torespondtorisks.

Second,theDCF isnotsuitableforinvestmentunderuncertainty:
with unpredictable cashflows and high risks.Thatis,setting the
appropriatediscountrateisverydifficulttaskbecausethediscount
rateistheonlyparameterthatreflectsuncertainty.Thus,DCFtends
toconservativelydepreciatetheprojectasvolatilitybecomeshigh,i.e.
itmakesthediscountrateup.

Third,theDCF hasaseriousproblem ofitsown.TheIRR,for
example, can mislead investors when the cashflows are not
conventionalorwhenchoosingthebestoneamongmultiplechoices.
In caseofnonconventional15)cashflows,theresultisnotone,but
multiple;incaseofmutuallyexclusiveinvestmentdecisions,ithasa
chancetochoosetheonewiththehighestreturn,butnotwiththe
largestNPV.

15)Conventionalcashflowsmeansthatthefirstcashflow isnegativeandallthe
restarepositive.



- 15 -

222...IIInnntttrrroooddduuuccctttiiiooonnnooofffrrreeeaaallloooppptttiiiooonnn

111)))GGGeeennneeerrraaalllCCCooonnnccceeeppptttsss

Incorporatefinance,realoptionanalysis(ROA)appliesputoptionor
calloption valuation techniques to capitalbudgeting decisions.In
otherwords,tobemorefaithfultothedefinitonofoption,realoption
istheright,butnottheobligation,totakeanaction(e.g.,deferring,
expanding,contracting,orabandoning)atapredeterminedcost fora
predeterminedperiodoftime.16)CoinedbyStewartC.Myersaround
1977,ROA hasbeenacademicallyinvestigatedasthealternativeto
theDCF.

Realoptions,asdeduciblefrom itsterminology,borrowsitsbasic
conceptsfrom financialoptions.Thus,thevalueofrealoptionsare
also function ofthe value ofthe underlying risky asset(S),the
exerciseprice(X),thetimetoexpiration(T),thestandarddeviationof

16)op.cit.pp5

[Figure2]IRRinmultipleratesofreturn
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thevalueoftheunderlyingriskyasset(σ),therisk-freerate(),and
thedividends(D).

*'+'meanspositive;'-'meansnegative,andtheyareallincaseof
calloption
**CopelandandAntikarov(2001)

OneofthesignificantpropertiesoftheROA is180-degreeattitudeto
uncertainty.ContrarytothetraditionalDCF,whichdecipreciatethe
valueoftheinvestmentasmuchasvolatilityincrease,theROA tries
tofindandvaluemanagerialflexibility,i.e.embeddedoption,inthe
project.Thefigurebelow representsthetwoviewpoints.

RRReeeaaalllOOOppptttiiiooonnnsss PPPaaarrraaammmeeettteeerrr FFFiiinnnaaannnccciiiaaalllOOOppptttiiiooonnnsss

ExpectedNPV ofCashflows S(+*) ValueoftheUnderlyingAsset

InvestmentCost X(-*) ExercisePrice

Timetoexpire T(+) Timetoexpiration

UncertaintyabouttheNPV σ(+) StandardDeviationofthe
UnderlyingAsset

Risk-FreeRate (+) Risk-FreeRate

OtherCostsofopportunities D(-) Dividends

[Table1]Comparisonbetweenrealoptionsandfinancialoptions
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[Figure3]Realoptionsview onuncertainty

Amram andKulatilaka(1999)

222)))TTTaaaxxxooonnnooommmyyyooofffRRReeeaaalllOOOppptttiiiooonnnsss

Realoptionsareclassifiedbythetypeofflexibilitythattheyoffer.17)

17)op.cit.pp.12.
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CopelandandAntikarov(2001)

Inaddition,therearealsocompoundoptions,i.e.optionsonoptions
and rainbow options on investment with multiple sources of
uncertainty.

333...AAAnnnaaalllyyysssiiisssooofffPPPrrreeeccceeedddeeennntttSSStttuuudddiiieeesss

Academicalstudiesonrealoptionhadbeencarriedoutsinceearly
1980s.Hayes(1980),Abernathy(1980),and Garvin(1982)pointed out
thattheDCFvaluationneglectedthevalueofstrategicflexibilityand
proposedtheneedofnew method.

Myers(1984),whocoinedtheword'RealOptions',demonstratedfour
majorlimitsoftheDCF.HecriticizedthattheDCFfailedto link
"Today'sinvestments"to"Tomorrow'sopportunities"andcompared
theROA to"Bridgingthegapbetweenfinancialtheoryandcorporate
strategy"

TTTeeerrrmmmiiinnnooolllooogggyyy RRRiiiggghhhtttTTTyyypppeee OOOppptttiiiooonnnTTTyyypppeee
DeferralOption righttodelaythestartofaproject AmericanCall
OptiontoAbandon righttoabandonaprojectfor AmericanPut
OptiontoContract righttosellafractionofproject AmericanPut
OptiontoExpand righttoscaleuptheproject AmericanCall

Switchingoption righttoswitchbetweentwomodelsConbinationofAmericanCallandPut

[Table2]Typesofrealoptions
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Mcdonald and Siegel(1986),Majd and Pindyck(1987)presented the
modeltoevaluatetheoptionstodefer.TrigeorgisandMason(1987)
demonstratedthemeritsofapplyingthedecisiontreeanalysis,oneof
realoptionpricingmodels,torealinvestments.MyersandMajd(1990)
developedthemodelforassessing abandonmentvalueusing option
pricing theory.DixitandPindyck(1995)assertedtheneedtoapply
financialoptionpricingmodelstoinvestmentvaluations.Copelandand
Antrikarov(2001)insisted thatthebinomialoption pricing modelis
more aptfor corporate finance practices than the Black-Scholes
Model.

Inaddition,practicalstudiesonapplyingrealoptionsarelistedbelow.

Inthefieldsofshipping,port,andlogistics,Tvedt(1997)calculated
thevalueofVLCCsusingrealoptionanalysis.Bendall(2003)applied
real option approach to investment strategy of liner shipping.
Sodal(2004)assessedthevalueofswitchingoptionsforcombination
carriers.Pireira(2006)analyzedtheoptimaldevelopmenttimingforan
internationalairport.

AAAuuuttthhhooorrrsss YYYeeeaaarrr FFFiiieeelllddd
Brennan,Schwartz 1985 LNGDevelopment

Kemna 1993 OilExploring
Micalizzi 1999 PharmaceuticalR&D

Benaroch,Kauffman 1999 ITInvestment
Abadie 2006 PowerStantionDevelopment

[Table3]Practicalstudiesonrealoptions
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CCChhhaaapppttteeerrr444...EEEmmmpppiiirrriiicccaaalllSSStttuuudddyyy

111...SSShhhiiippppppiiinnngggIIInnnvvveeessstttmmmeeennntttOOOvvveeerrrvvviiieeewww

To illustrate realoption analysis ofshipping investment,a fleet
investmentwillbereviewedinthissection.

111)))DDDeeeaaalllSSSpppeeeccciiifffiiicccaaatttiiiooonnn

A shipping company is considering fleet expansion for future
operation.Theplanconsistsof3-ULCS(UltraLargeContainerShip,
60,000dwtClass)purchase and 2-ULCS-option to purchase.Each
vesselhas25durableyearsincludingthebuildingperiod.Thefirst
vesselwillbedeliveredafter3yearsfrom now on,andnextdelivery
willtake1yearaftereachdelivery.

Thelinerhasanoptionpurchase1or2morevesselofthesame
class untilthe delivery ofthe third ship.i.e.in 5 years.The
shipbuildergivestheinvestorafavoroflimitingthemaximum price
ofeachvesseltothecurrentlevel.

222)))FFFiiinnnaaannnccciiinnngggCCCooonnndddiiitttiiiooonnnsss

Thecarriercanborrow 80% ofthevesselpricefrom banksandthe
interestratesforthelendingis6.5% oftheoutstandingbalance.
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333)))IIInnnvvveeessstttaaannndddPPPaaayyybbbaaaccckkkPPPlllaaannn

Thecapital,20% ofthevesselprice,willbeinvestedseperately:A
quarteratthebeginning,aquarterattheyear1,andtherestatthe
year3.

Theprinciplewillbepaidbackby7.5% ofthetotallendingafter
deliveryandtherestoftheoutstandingbalancewillbeclearedafter
11yearsfrom delivery.

Theoverallcapitalplanoftheprojectisillustratedasbelow:

1)percentageofthevesselprice
2)percentageofthevesselprice
3)percentageofthetotallendingforavessel

YYYeeeaaarrr 000 111 222 333 444 555 666 777 ․․․․․․․․․․․․
VVVeeesssssseeelll111 DDDeeellliiivvveeerrryyy
-CapitalInvest1) 5% 5% 10%
-DebtInvest2) 16% 16% 32% 16%
-DebtPayback3) 7.5% 7.5% 7.5% 7.5% ․․․․
VVVeeesssssseeelll222 DDDeeellliiivvveeerrryyy
-CapitalInvest 5% 5% 10%
-DebtInvest 16% 16% 32% 16%
-DebtPayback 7.5% 7.5% 7.5% ․․․․
VVVeeesssssseeelll333 DDDeeellliiivvveeerrryyy
-CapitalInvest 5% 5% 10%
-DebtInvest 16% 16% 32% 16%
-DebtPayback 7.5% 7.5% ․․․․

[Table4]OverallCapitalPlanoftheProject
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222...IIInnnvvveeessstttmmmeeennntttVVVaaallluuuaaatttiiiooonnnbbbyyyNNNPPPVVV

Toassessthenetpresentvalueoftheproject,cashflow analysis
shouldbedonefirst.Cashflowsoftheinvestmentconsistsofcash
inflowsandcash outflows.In thisinvestment,thereareonly one
cash inflow: freight income.Cash outflows are cargo handling
variable costs, operation variable costs, operation fixed costs,
administration costs,taxes,interests,payback oftheprincipal,and
othersalesandpurchasecosts.

111)))CCCaaassshhhIIInnnffflllooowwwsss

Eachvesselhasfreightincomesduringthelife.Incomesdependon
marketconditionsthatarethreecases:thebest,moderate,andthe
worst.Inthebestcase,revenueperTEU isUSD 1,500withloading
factorof80%;inthemoderatecase,revenueperTEU isUSD 1,300
withloadingfactorof70%;and,intheworstcase,revenueperTEU
isUSD 1,100withloadingfactorof60%.
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*21roundsofvoyageinayear

222)))CCCaaassshhhOOOuuutttffflllooowwwsss

(((111)))CCCaaarrrgggoooHHHaaannndddllliiinnngggVVVaaarrriiiaaabbbllleeeCCCooossstttsss

Cargohandlingvariablecostsarecomposedofcostsofchargingand
discharging,delivery,andagentfees.

①①① CCChhhaaarrrgggiiinnngggaaannndddDDDiiisssccchhhaaarrrgggiiinnnggg

This is the resultofmultiplication ofthe unitprice,rounds of
voyage,loadingfactor.Itisassumedthatthecostwillincreaseby
1% ayear.

YYYeeeaaarrr 444 555 666 777 ․․․․․․․․․ 222111 222222 222333 222444 222555 222666 222777

Vessel1

Best 239 239 239 239․․․ 239 239 239 239 239 - -

Moderate 182 182 182 182․․․ 182 182 182 182 182 - -

Worst 132 132 132 132․․․ 132 132 132 132 132 - -

Vessel2

Best - 239 239 239․․․ 239 239 239 239 239 239 -

Moderate - 182 182 182․․․ 182 182 182 182 182 182 -

Worst - 132 132 132․․․ 132 132 132 132 132 132 -

Vessel3

Best - - 239 239․․․ 239 239 239 239 239 239 239

Moderate - - 182 182․․․ 182 182 182 182 182 182 182

Worst - - 132 132․․․ 132 132 132 132 132 132 132

[Table5]AnnualFreightIncomesofEachVessel
(unit:USD1million)
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②②② DDDeeellliiivvveeerrryyy

Thisisalsotheresultofmultiplicationoftheunitprice,roundsof
voyage,loadingfactor.Itisassumedthatthecostwillincreaseby
1% ayear.

③③③ AAAgggnnneeetttFFFeeeeeesss

Thisisthepredeterminedportionofannualfreightincomes.Theliner
givesitsagent2% oftheincome.

(((222)))OOOpppeeerrraaatttiiiooonnnVVVaaarrriiiaaabbbllleeeCCCooossstttsss

Operationvariablecostsconsistsofportchargesandfuelcosts.

①①① PPPooorrrtttCCChhhaaarrrgggeeesss

Thisisthemultiplicationoftheannualaverageportchargesandthe
numberofvoyages.

②②② FFFuuueeelllCCCooossstttsss

Thisthefunctionofthefuelpriceperton,dailyconsumption,andthe
numberofoperatingdays.

(((333)))OOOpppeeerrraaatttiiiooonnnFFFiiixxxeeedddCCCooossstttsss

①①① MMMaaannnnnniiinnnggg

Thisisthemultiplicationofthenumberofcrewsandannualaverage
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costsofcrewing.Thiscostisassumedtoincreaseby3% ayear.

②②② MMMaaaiiinnnttteeennnaaannnccceee

Thisistheaverageannualcostsformaintenanceofthehullandits
equipment.Thisisassumedtoincreaseby1% ayear.

(((444)))AAAdddmmmiiinnniiissstttrrraaatttiiiooonnn

Thisis4.5% ofauunalaveragefreightincomes.

(((555)))TTTaaaxxxeeesss

Thankstothetonnagetaxsystem,itisfixedatthelevelofUSD
36,000peryear,regardlessoftheearningbeforeinterestandtaxes.

(((666)))CCCaaapppiiitttaaalllCCCooossstttsss

Fordebt,itsinterestrateis6.5% andforcapital,therequiredrateof
returnis15%.

(((777)))OOOttthhheeerrrCCCooossstttsss

Inthispart,therearebrokerage,andothercommissions.
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Year
Cargo
HandlingVariableCosts

Operation
Variable
Costs

Operation
Fixed
Costs

Administration Taxes Capital
Costs

Other
Costs

0 0 0 0 0 0 8,642 3,000
1 0 0 0 0 0 18,676 3,000
2 0 0 0 0 0 21,460 3,000
3 0 0 0 0 0 32,886 0
4 120,937 14,448 2,560 8,170 36 38,527 0
5 244,220 28,949 5,243 16,339 72 50,852 0
6 369,884 43,502 8,055 24,509 108 45,327 0
7 373,474 43,661 8,250 24,509 108 43,631 0
8 377,100 43,822 8,450 24,509 108 41,934 0
9 380,762 43,984 8,656 24,509 108 40,238 0
10 384,461 44,148 8,868 24,509 108 38,541 0
11 388,196 44,313 9,086 24,509 108 36,845 0
12 391,969 44,481 9,309 24,509 108 35,148 0
13 395,780 44,650 9,539 24,509 108 33,452 0
14 399,629 44,820 9,776 24,509 108 31,755 0
15 403,516 44,992 10,019 24,509 108 40,905 0
16 407,442 45,166 10,268 24,509 108 30,320 0
17 411,408 45,342 10,525 24,509 108 20,300 0
18 415,413 45,520 10,789 24,509 108 0 0
19 419,459 45,699 11,060 24,509 108 0 0
20 423,544 45,880 11,339 24,509 108 0 0
21 427,671 46,063 11,626 24,509 108 0 0
22 431,839 46,247 11,920 24,509 108 0 0
23 436,048 46,434 12,223 24,509 108 0 0
24 440,300 46,622 12,535 24,509 108 0 0
25 444,594 46,813 12,855 24,509 108 0 0
26 299,287 31,272 8,790 16,339 72 0 0
27 151,104 15,668 4,508 8,170 36 0 0

[Table6]CashOutflowsInModerateCase
(unit:USD1,000)
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333)))WWWeeeiiiggghhhttteeedddAAAvvveeerrraaagggeeeCCCooossstttooofffCCCaaapppiiitttaaalll

Tocalculatethecompnay'scostofcapital,capitalstructureanalysis
shouldbedonefirst.Thisproject,ifapartfrom othercashflowsof
thecompnay,has20% ofequityand80% ofdebt.Theequationto
calculatetheWeightedAverageCostofCapital(WACC)is

 

×  


×  

Where:E=marketvalueoftheequity
D =marketvalueofthedebt
V=combinedmarketvaludoftheequityandthedebt
RE=requiredrateofreturnofthecapital
RD =interestrateofthedebt
t=corporatetaxrate

Inthisinvestment,asmentionedbefore,thetaxeffectofthedebt
canbeignoredthankstothetonnagetaxsystem.

Asaresult,theWACCoftheprojectis8.20%.

444)))SSSuuummmmmmaaarrryyy

Now,allthepiecesofinformation necessary to calculatethenet
presentvalueoftheinvestment.TheNPV isUSD 983,229,274inthe
best case; USD 194,184,049 in the moderate case; and USD
-431,100,595intheworstcase.
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333...IIInnnvvveeessstttmmmeeennntttVVVaaallluuuaaatttiiiooonnnbbbyyyRRReeeaaalllOOOppptttiiiooonnnAAAnnnaaalllyyysssiiisss

111)))FFFooouuurrr---SSSttteeepppPPPrrroooccceeessssssfffooorrrVVVaaallluuuiiinnngggRRReeeaaalllOOOppptttiiiooonnnsss

[Figure 4]shows the four-step process forvaluing realoptions
arrangedbyCopelandandAntikarov.

CopelandandAntikarov(2001)

Thefirststepistocalculatethenetpresentvalueoftheproject
usingtraditionalmethods.Theresult,withoutsaying,hasnovalueof
flexibility.

Thesecondstepistobuildaneventtreeoftheproject.Thetree

[Figure4]Thefour-stepprocessofvaluingrealoptions
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visually and systematically shows the uncertainty thatdrives the
volatilityoftheunderlyingassetduring theprojectlife.Thereare
two types ofassumption ofuncertainty.One is the consolidated
approach,which assumes thatthe multiple uncertainties can be
combined;theotheristheseparatedapproach,wheretwoormore
sourcesofuncertaintymustbeestimatedseparately.Inmostcase,
exceptthecasesthatdecisionsdependonaparticularuncertainty,the
consolidatedapproachismorefrequentlyused.

Thethird step istoturn theeventtreeintoadecision treeby
putting managementdecisionsintothenodes.Whiletheeventtree
showsthepossiblevaluesoftheunderlyingassetmaygothrough,
thedecisiontreedoesthepayoffsfrom optimaldecisions.

Thefourthstepistoconducttherealoptionanalysisandtovalue
thetotalproject.Theresultiscombinedvaluesofthenetpresent
valuewithoutflexibility and thepayoffsoftherealoption in the
project.

222)))TTTyyypppeeesssooofffOOOppptttiiiooonnnCCCaaalllcccuuulllaaatttooorrr

There are three kinds ofoption calculator:the partialdifferential
equation(PDE), the dynamic programming, and the simulations.
However,itdoesnotmatterwhichmethodtobeusedifthemodel
canaccuratelyreflecteverybusinesscontingencyintheproject;ifit
can,alltheresultsfrom thethreeequationsaresame.
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Amram,andKulatilaka(1999)

ThePDE approachusesapartialdifferentialequationandboundary
conditions to mathematically express the option value and its
dynamics.ItisbasedontheBlack-ScholesequationfortheEuropean
calloptionwithoutdividend.

TheDynamicprogramming rollsoutevery possiblevaluesofthe
underlying asste(rolling forward process),and then,finds optimal
decisionsinthefuturebytrackingbackfrom thefinalnodesofthe
decisiontree(recursivebackwarditeration).

[Figure5]Flow chartofROA method



- 31 -

Thesimulationmodelsrollsoutahugenumberofpossiblepathsof
evolutionoftheunderlyingassettothematurityoftheoptions.The
optionvalueisexpressedbyaveragingthepayoffsdiscountedtothe
present.

333)))RRReeeaaalllOOOppptttiiiooonnnAAAnnnaaalllyyysssiiisssooofffttthhheeeFFFllleeeeeetttIIInnnvvveeessstttmmmeeennnttt

Theshippingcompanyhas6optionsinthisinvestment:anoptionto
abandontheproject,optionstoshrinktheinvestment(1or2vessels),
optionstoexpandtheinvestment(1or2vessels),andanoptionof
combination.Inthispaper,theBinomialOptionPricingModelwillbe
used as an option calculator. Considering the feature of this
investmenti.e.exercising beforematurity,option pricing modelfor
americanoneismoresuitablethanothers,andthebinomialmodel
hasmoreflexibilityinitsapplication.

(((111)))PPPaaarrraaammmeeettteeerrrsss

Beforevaluing theoptions,severalparametersshouldbeproposed.
Theparametersarethevolatility,theupwardmovement,andthe
downwardmovementoftheunderlyingasset,andrisk-freerate.

①①① VVVooolllaaatttiiillliiitttyyyooofffttthhheeeUUUnnndddeeerrrlllyyyiiinnngggAAAsssssseeettt

Inthispaper,thestandarddeviationoftheHoweRobinsonContainer
Indexfrom January2000toApril2008isusedasthevolatility(σ)of
theunderlyingasset.Itsvolatilityis423.3,or37.34% oftheaverage.
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②②② UUUpppwwwaaarrrdddaaannndddDDDooowwwnnnwwwaaarrrdddMMMooovvveeemmmeeennntttooofffttthhheeeUUUnnndddeeerrrlllyyyiiinnngggAAAsssssseeettt111888)))

Cox,Ross,andRubinstein(1979)proposedthevalueoftheupward(u)
and downward(d)movementoftheunderlying assettomatch the
volatilityofit.Thesolutiontheyproposedis

 
   



③③③ RRRiiissskkk---FFFrrreeeeeeRRRaaattteee

Inthispaper,theaverageinterestrateofthegovernmentbondwith
3-yearmaturityforthelasttenyearsisusedastherisk-freerate.

18)op.cit.pp.253.

[Figure6]HoweRobinsonContainerIndex
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(((222)))MMMaaarrrkkkeeettteeedddAAAsssssseeetttDDDiiisssccclllaaaiiimmmeeerrr111999)))

The binomialoption pricing modeluses the replicating portfolio
approachorthetwinsecurityapproach.Tovaluetheoptionprice,it
artificially makesthereplicating portfolio consisting of Δ unitsof
underlying assetandoptions.In financialoptions,itispossibleto
findthetwinsecuritywhosepayoffsareperfectlycorrelatedwiththe
underlying asset,however,in realoption itis almostimpossible.
Copeland and Antikarov assertsthatthenetpresentvalueofthe
projectwithoutflexibilityisthebestunbiasedestimateofthemarket
valueoftheprojectwereitatradedasset.Thisassumptioniscalled
"MarketedAssetDisclaimer".Inthispaper,thenetpresentvalueof
thefleetwillbeusedthetwinsecuriyoftheproject.

(((333)))SSStttrrruuuccctttuuurrriiinnngggttthhheeeBBBiiinnnooommmiiiaaalllTTTrrreeeeee

By rolling forwardprocess,thebinomialtreeoftheprojectisas
shownbelow

19)op.cit.pp.94.
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(((444)))OOOppptttiiiooonnntttoooAAAbbbaaannndddooonnn

During theprojectlife,thecarrierhasan option to abandon the
projectifmarketconditions are notfavorable.Ifthey decide to
disposethevessels,themanagementcanget40% ofthefleetprice(I
*0.4).

Thisisa typicalamerican putoption.Theexercisepriceofthe
optionis40% ofthefleetprice.Ifd6-iuiPdenotesthevaluesofthe
optionsatnodesofthebinomialtreeatyear6,theoptionpricesare

Year 0 1 2 3 4 5 6
S0 uS0 u2S0 u3S0 u4S0 u5S0 u6S0
194,184 282,084 409,774 595,265 864,721 1,256,150 1,824,765

dS0 duS0 du2S0 du3S0 du4S0 du5S0
133,674 194,184 282,084 409,774 595,265 864,721

d2S0 d2uS0 d2u2S0 d2u3S0 d2u4S0
92,020 133,674 194,184 282,084 409,774

d3S0 d3uS0 d3u2S0 d3u3S0
63,346 92,020 133,674 194,184

d4S0 d4uS0 d4u2S0
43,607 63,346 92,020

d5S0 d5uS0
30,018 43,607

d6S0
20,664

[Table7]MovementsoftheUnderlyingAsset
(unit:USD1,000)
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 ×  

       

Byrecursivebackwarditeration,thevaluesoftheoptionsatnodesat
yeartare

×      ×   

               ≥ 

Theprocessoftheoptionvalueisasbelow

Year 0 1 2 3 4 5 6
OptionValue 34,332 17,748 4,961 - - - -
Decision Go Go Go Go Go Go

OptionValue 53,913 29,235 10,002 - - -
Decision Go Go Go Go Go Go

OptionValue 81,980 49,802 20,166 - -
Decision Abandon Go Go Go Go

OptionValue 110,654 81,980 40,660 -
Decision Abandon Abandon Go Go

OptionValue 130,393 110,654 81,980
Decision Abandon Abandon Abandon

OptionValue 143,982 130,393
Decision Abandon Abandon

OptionValue 153,336
Decision Abandon

[Table8]OptiontoAbandontheProject
(unit:USD1,000)
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(((555)))OOOppptttiiiooonnntttoooSSShhhrrriiinnnkkk

Duringtheprojectlife,thecarrierhasoptionstocontracttheproject
ifmarketconditionsarenotfavorable.Iftheoption toabandon 1
vesselisexercised,thevalueoftheprojectwilldecreasebyathird
andtherewillbesomecashinflow bytheamountof40% ofthe
vesselprice;iftheoptiontoabandon2vesselsisexercised,thevalue
oftheprojectwilldecreasebytwothirdsandtherewillbesome
cash inflow by theamountof40% ofthetwo-vesselprice.The
optiontoshrinkisakindofamericanputoptionwiththeexercise
priceof  × 


 ×


×.(inthecaseofabandoning1vessel)

Thevaluesofoptionsatthenodesofthebinomialtreewhent=6are

  ×

 ×


×  

       

Andthevaluesofoptionsattheothernodesare

×      

×   

               ≥ 

Optionvaluesareasshown
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Year 0 1 2 3 4 5 6
OptionValue 11,444 5,583 1,654 - - - -
Decision Go Go Go Go Go Go

OptionValue 17,971 9,745 3,334 - - -
Decision Go Go Go Go Go Go

OptionValue 27,327 16,601 6,722 - -
Decision Shrink Go Go Go Go

OptionValue 36,885 27,327 13,553 -
Decision Shrink Shrink Go Go

OptionValue 43,464 36,885 27,327
Decision Shrink Shrink Shrink

OptionValue 47,994 43,464
Decision Shrink Shrink

OptionValue 51,111
Decision Shrink

[Table9]OptiontoAbandon1Vessel
(unit:USD1,000)

Year 0 1 2 3 4 5 6
OptionValue 22,888 11,166 3,307 - - -
Decision Go Go Go Go Go Go

OptionValue 35,942 19,490 6,668 - - -
Decision Go Go Go Go Go Go

OptionValue 54,653 33,201 13,444 - -
Decision Shrink Go Go Go Go

OptionValue 73,770 54,653 27,106 -
Decision Shrink Shrink Go Go

OptionValue 86,929 73,770 54,653
Decision Shrink Shrink Shrink

OptionValue 95,988 86,929
Decision Shrink Shrink

OptionValue 102,224
Decision Shrink

[Table10]OptiontoAbandon2Vessels
(unit:USD1,000)
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(((666)))OOOppptttiiiooonnntttoooEEExxxpppaaannnddd

Theoptionstoexpandareinherentintheproject.Themanagement
candecidepurchase1or2morevesselswhenmarketconditionsare
favorable.Iftheoptiontopurchase1morevesselisexercised,the
valueofprojectwillbeincreaseby20% forthepriceofonevessel;
iftheoptiontopurchase2morevesselisexercised,thevalueofthe
projectwillbeincreaseby40% forthepriceoftwovessels.The
optiontoexpandisakindofamericancalloptionwithexerciseprice
of  ×


 ×

(inthecaseofpurchasing1morevessel).

Thevaluesofoptionsatthenodesofthebinomialtreewhent=6are

  ×

 ×


   

       

Andthevaluesofoptionsattheothernodesare

×       × 

 × 




               ≥ 

Optionvaluesareasshown



- 39 -

Year 0 1 2 3 4 5 6
OptionValue 3,502 7,140 14,458 29,041 57,775 113,577 219,953
Decision Go Go Go Go Go Expand

OptionValue 535 1,180 2,604 5,743 12,669 27,944
Decision Go Go Go Go Go Expand

OptionValue - - - -
Decision Go Go Go Go Go

OptionValue - - - -
Decision Go Go Go Go

OptionValue - - -
Decision Go Go Go

OptionValue - -
Decision Go Go

OptionValue -
Decision Go

[Table11]OptiontoPurchase1moreVessel
(unit:USD1,000)

Year 0 1 2 3 4 5 6
OptionValue 7,005 14,280 28,915 58,083 115,549 227,154 439,906
Decision Go Go Go Go Go Expand

OptionValue 1,070 2,361 5,208 11,487 25,337 55,888
Decision Go Go Go Go Go Expand

OptionValue - - - - -
Decision Go Go Go Go Go

OptionValue - - - -
Decision Go Go Go Go

OptionValue - - -
Decision Go Go Go

OptionValue - -
Decision Go Go

OptionValue -
Decision Go

[Table12]OptiontoPurchase2moreVessels
(unit:USD1,000)
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(((777)))CCCooommmbbbiiinnnaaatttiiiooonnnOOOppptttiiiooonnn

In businesspractice,itismorepossibletoassumethataproject
allowsanyofsimpleoptions,suchasoptionstoabandon,optionsto
shrink,andoptionstoexpnadtobeexercisedateachnodeofthe
binomialtree.Inthisprojectthereareuptofivesimplerealoptions:
anoptiontoabandontheproject,anoptiontoshrink(1vessel),an
optiontoshrink(2vessels),anoptiontoexpand(1morevessel),an
optiontoexpand(2morevessels).Themovementsoftheunderlying
assetremainsthesameasbefore,andtheoptionvaluesatthenodes
whent=6is,

Andthevaluesofoptionsattheothernodesare


×

× 

 ×


×

× 

 ×


×

×

 ×




×

 ×




       

--notexercised
--optiontoabandon
--optiontoabandon

1vessel
--optiontoabandon

2vessels
--optiontopurchase

1morevessel
--optiontopurchase

2morevessels
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×     

×   

 × 

 × 


×   

 × 

 × 


×   

 × 

 × 


  

 × 

 × 


   

               ≥ 

Thevaluesofcombinationoptionareasfollows

Year 0 1 2 3 4 5 6
OptionValue 41,337 31,028 33,876 58,083 115,549 227,154 439,906
Decision Go Go Go Go Go Expand2

vessels
OptionValue 54,984 31,596 15,209 11,487 25,337 55,888
Decision Go Go Go Go Go Expand2

vessels
OptionValue 81,980 49,802 20,166 - -
Decision Abandon Go Go Go Go

OptionValue 110,654 81,980 40,660 -
Decision Abandon Abandon Go Go

OptionValue 130,393 110,654 87,980
Decision Abandon Abandon Abandon

OptionValue 143,982 130,393
Decision Abandon Abandon

OptionValue 153,336
Decision Abandon

[Table13]CombinationOption
(unit:USD1,000)
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CCChhhaaapppttteeerrr555...CCCooonnncccllluuusssiiiooonnn

111...SSSuuummmmmmaaarrryyyaaannndddIIImmmpppllliiicccaaatttiiiooonnnsssooofffSSStttuuudddyyy

In this paper,a new viewpointto capitalinvestmenthas been
presented.Contrarytotraditionalmanners,theROA,thenew method,
notonly captures new business opportunities incorporated in the
investment,butmathematically calculates the value ofmanagerial
flexibility.ThroughtheexistingDCFmethods,inspiteofthesupport
ofthesensitivityanalysis,orthescenariomodel,thatadditionalvalue
cannotbereflected.Moreover,consideringveryexplosivemovements
oftheshippingmarket,itisnotappropriateforinvestorstoassume
thatimportantvariables,suchasfreightincomesoroperatingcosts,
willnotdeviatefrom theexpectedcashflows.

TheempiricalstudyindicatesthattheROA ismoreoptforvaluation
oftheprojectswithuncertaintythantheDCF,becauseitreflectsthe
managerialflexibility.Theresultfrom theROA isneverlowerthan
thatoftheDCF.Ithassomethingtodowiththepayoffofoptions:
itistherighttoact,nottheobligation.Some,however,criticizesthe
ROA forthereason thatoption valueisalwayspositiveand the
ROA canbemisusedtojustifyprojectsthatshouldberejected.In
answertosuchcritics,CopelandandAntikarovexplaintworeasons:
first,the NPV cannotrecognize the value offlexibility,thus it
systematicallyundervalueseverything.Second,thepriceforflexibility
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thatisalwayspositive,oftenexceedsitsvalue.

TheultimatepurposeoftheROA isnothow tocalculatethevalue
oftheoptioninherentintheinvestment,buthow togaininsightinto
theinvestments,thatis,anew wayoflookingatuncertaintyadverse
totraditionalmanners.HarmonizedwiththeNPV,theROA cangive
investors more accurate information and prevent them from
abandoningtheinvestmentswithhugepotentials.

222...RRReeecccooommmmmmeeennndddaaatttiiiooonnnsssfffooorrrFFFuuutttuuurrreeeSSStttuuudddiiieeesss

TheROA hasbeendiscussedasthealternatevaluationmethodto
thetraditionalDCF.It,however,alsohassomeshortcomings.

First,even though itcan captures managerialflexibility in the
investmentthattheDCFfailsto,itsstartingpointisstilltheNPV.
Itregardsthenetpresentvalueoftheprojectastheunderlying
assetoftheoption.Althoughiteliminatesarbitrageopportunitiesby
applying the Marketed AssetDisclaimer(MAD)assumption which
formsreplicatingportfolioswiththenetpresentvalueoftheproject
without flexibility and options, the MAD's validity is still
controversial.

Second,intheROA,itisstillatoughjobtoestimatethecashflows,
especially cash inflows,of the project.Cash outflows are also
variable,buthistoricaldata in shipping industry imply thatthe
changeofcash inflowsis much morevolatilethan thatofcash
outflows.
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Third,in thispaper,setting theexercisepricesofeach option is
more orless artificial.In the case ofthe option to expand,the
exercisepriceistheadditionalvalueofoperationalexpansionminus
thatofadditionalinvestment;inthecaseoftheoptiontoabandonor
shrink,theexercisepriceisthecontinuingorsalvagevalueofthe
projectorthevesselminuslossesofoperationalshrink.Thosehave
somethingtodowithestimatingfuturecashflows.

Last,butnotleast,thereisthematterofvolatilityoftheunderlying
asset.ThisisthemostarguablematterintheROA likethediscount
rateintheDCF.However,contrarytootherfieldssuchasresearch
anddevelopment,ventureinvestment,andsoon,therearefortunately
alotofhistoricaldataintheshippingindustry.Somemorestudies
canproducesolutionstoit.

Inthispaper,theempiricalstudyillustratesthefleetexpansionplan
ofaparticularlinercompany.Considering option'sattributethatit
hasmorevalueasthemovementoftheunderlyingassetbecomes
morevolatile,theROA candevelopmoreinterestingimplicationsin
thetrampershipping.
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해봅니다.

끝으로,학문의 동반자이자 인생의 동반자가 되어줄 한국해양대학교
신영란 박사님께 이제는 ‘앞으로 잘하겠다’가 아니라 ‘지금부터 잘하겠다’고
약속드립니다.
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