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Forwardcontractsinfbreignexchangemarketscanbeusedtoavoidfbreign 
exchangerisk,ｂｕｔｔｈｅｙｄｏｎｏｔｎｅｃｅｓｓａｒｉｌｙｓｅｅｍｔｏｂeperfecthedgingdevices・

Recognizingtheseimperfbctions，ｉｎＮｏｖｅｍｂｅｒｌ９８２，MontrealExchangeof 
CanadaandEuropeanOptionExchangeofAmsterdam，Holland，ａｎｄｉｎＤｅｃｅｍｂer 
l982,thePhnadelphiaExchangeofUnitedStatesintroducedthe“ForeignCurrency 
Option，，、

Aninvestorwhopurchasesthiscurrencyoptiondoesnothavetoexercisethe 
fbrwardcontractifthefbreignexchangerateattheexpirationdateisdisadvantage-

ous・Accordｍｇｌｙｉｔｓｅｅｍｓｔｏｂｅａｐｅｒｆｂｃｔｈｅｄgingtoolfbrinvestorsanditsuseis
expectedtoexpandwidely・

TheJapanEconomicJournalissueofAprill5th，１９８４，ｒｅｐｏｒｔｅｄｔｈａｔｔｈｅ 
ＢａｎｋｏｆＴｏｋｙｏｈａｄｄevelopedasimnarcontractcalledtｈｅ“ForwardContract 
withOption,，andhadconcludeditsfirstsuchconｔｒａｃｔｗｉｔｈＣＩＴＯＨＣＯ.,ａｍａ]or 
Japanesetradingcompany・

ThisPaperwillintroducethecanceloptiononfbrwardcontractsintothe 
interestratearbitragetransactionbetweentwocountriesandderivetheequilibrium 

priceofthenewContract． 

LAForwardComtractasaHedgingToolagainstForeignExchangeRisk 
and“Regret，， 

Forwardcontractsal巳traditionaltoolsusedtoavoidfbreignexchangerisk

Afbrwardcontraｃｔｉｓａｐｒｏｍｉｓｅｔｏｓｅｌｌｏｒｂｕｙａｔｔｈｅｃｕrrentfbrwardpricefbra 
fIxeddateonthatdata 

lndeed，ａｆｂｒｗａｒｄｃｏｎｔｒａｃｔｃａｎｂｅｕｓｅｄｔｏｆｉxtheamountwhichwewillreceive 

orpay，ｓｏｉｔｓｈｏｕｌｄｂｅｗｅｌｃｏｍｅｄｂｙｂｕｓｉｎｅｓｓｆｉｒｍｓｗｈｏｗｉｓｈｔｏｌｉｍｉｔｔｈｅｒｉｓｋｏｆ 
ｆｂｒｅｉｇｎexchangelossesduetothefluctuationoffbreignexchangeratesandasa 
resultbeabletofbrmulatemoreaccuratebudgets 

But，avoidinguncertaintybyusingfbrwardcontractstofixourfnturecommｉｔ－ 
ｍｅｎｔＳｍｅａｎｓｔｈａｔｗｅｈａｖｅｔｏｇｉｖｅｕpanyoppotunitiesfbranticipatedgainsinthe 
fUtureaswelLItdefInitelydoesnotmeanthatwewillnotregretexPosr・Thatis,
wecannotavoidopportunitylossesfromunanticipatedfavorablefluctuationsof 
fOreignexchangerates、

SupposethatPb(O）ａｎｄＰｂ（７）arethespotexchangerate（domesticumtsper 
fbreigncurrency)attimeOand7respectively,ａｎｄＰＸＯ)isthefbrwardrateattime 
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ＯｄｅｌｉｖｅｒｅｄａｔｔｉｍｅＴ・Letusconsiderthefbllowingtrade、Aninvestorbuysfbreign
currencyaｔｔｈｅＳｐｏｔｐｒｉｃｅａｔｔｉｍｅＯａｎｄｓｅＵｓｉｔａｔｔｈｅｓｐｏｔｐｒｉｃｅａｔｔｉｍｅｒ７１ｆｔｈｅ 

ｖａｌｕeofthedomesticcurrencydeclines,ＰＳ(7)＞２s(O),ｈｅｒｅｃｅｉｖｅｓａｐｒｏｆｉｔｏｆ 
Ｂ(丁）－ＰＳ(OlOnthecontrary,ifthevalueofitgoesup,２s(7)＜Ｐｂ(O),hesuffers
alossofPb(7)－且(O).However,ifhemakesafbrwardcontractattimeOtosell

fbreigncurrencyattime7，ｈｅｋｎｏｗｓｔｈｅｏｕｔｃｏｍｅｏｆｔｈｅｔｒａｎｓａｃｔionattime7 

independentofthefUturespotrate． 

PS(o） 

P)(o） 

Rsp 

PXo） 塾－４｣2里_---

0 ０ 

ＰＳ⑩ｐｓに）

（a）fbrwardcontracttoseU （b）fbrwardcontracttobuy 
fbreignexchange fbreignexchange 

Fi9.1SpottradingoffblEignexchange・

But,asisindicatedinFig､２，ifPb(7)＜Ｐ)(O),hecanavoidsufferingtheloss 
fromspot-spottradingbymakingafbrwardcontracttosellthefbreignCurrency、
Onthecontrary,ifPs(7)＞Ｐ)(O),healsomustgiveupanopportunityfbragain 
whichhemightgetfmmspot-spottradinglnthiscasehewillregrethavingmade 
thefbrwardcontractThatis 

（Si)IfPb(7)＜Ｐ}(O),hereceivestheopportunitygamofP$(γ)-P)(O)． 
（Sii)IfPs(了)＞Ｐ)(O),hesufferstheopportunitylossofB(7)-P)(O)．

ThisisshowninFig､３(a） 

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｔｈｅｒｅｓｕｌｔｉｓｔｈｅｏｐｐｏｓｉｔｅｉｎｔｈｅｃａｓeofafbrwardcontract 

tobuyfb1℃igncurrencyThatis， 

（Bi)IfB(7)＜Ｐ)(O),hesufferstheopportunitylossofH(7)-P)(O） 
（Bii)IfH(丁)＞ＰｘＯ),hereceivestheopportunitygainof且(γ)-P)(O)．

ThisisshowninFig､３(b)． 
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(a）fbrwardcontracttosell 

fbreignexchange 

(b）fbrwardcontracttobuy 

fbreignexchange 

F埴.３opportunitygainsandlossesoffbrwardcoverb

ⅢForeignExchangeRiSkNeutralizer(FERN） 

Ｎｏｗ，letusassumeinvestorscanbuyacanceloptionontheexerciseofthe 

fbrwardcontractinadditiontothefbrwardcontract、Ｔｈａｔｉｓ，canceloptionisthe

righttobreakthepromisetofUlfillthefbrwardContract,Ｂｙｄｏｉｎｇｓｏ,hecanelimi-

natethepossibnityofregretiｎｇｅｘｐｏｓｒｔｏｈａｖｅｍａｄｅｓｕｃｈａｃｏｎtract、Ｔｈａｔis,ｉｎ

ｔｈｅｃａｓｅｏｆａｆｂｒｗａｒｄｃｏｎｔｒａｃｔｔｏｓellfbreigncurrency， 

（Si)IfB(丁)＜Ｐ)(O),hereceivestheopportunitygainof｣９$(γ)-PxO)．
（Sii)IfB(7)＞Ｐ)(O),nolossissuffbred 
lnasimilarmanner,whenhemakesafbrwardcontracttobuyfbreigncurrency， 

（Bi)IfR(7)＜Ｐ)(O),nolossissufTered． 
（Bii)If2s(7)＞ＰｘＯ),hereceivestheopportunitygainofR(7)-P》(O)．

Thiscancelrightisatypeofinsurancetoelimmatethepossibilityofregretingex 

posr･ＬｅｔｕｓｃａｌｌｉｔＦＥＲＮ（ForeignExchangeRiskNeutralizer).Fig.４(a)indicateｓ 
ｔｈｅｖａｌｕｅｏｆｔｈｅｃａｎｃｅｌｒｉｇｈｔｉｎｔｈｅcaseofafbrwardcontracttosellﾂﾞＦＥＲＮ（S） 

Thevalueinthecaseofafbrwardcontracttobuy，ＦＥＲＮ（B)，isshowninFig、

４(b)． 
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fbrwardcover （b）ＦＥＲＮ(S）（c）outcomeafterusingFERN 

Fig4(a〕opportunitygainsandlossesusingFERN(S)．
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fbrwardcover （b）ＦＥＲＮ(B）（c）outcomeafterusingFERN 

Fig､4(b)opportunitygainsandlossesusingFERN〔B)．

llLAssumptions 

(1)Thefbreignexchangemarket 

Thefbreignexchangemarketisfrictionless,thatis,therearenotransactioncosts 

ortaxesThemarketiscompetitive,ｔｈａｔis,thespotandfbrwardratesoffbreign 
exchangearegivenfbrinvestors． 

(2)Arisklesssecurity(domesticbond） 

Ｔｈｅｒａｔｅｏｆｒｅｔｕｒｎｏｎａｄｏｍｅｓｔｉｃｂｏｎｄ，Ｒ，isflatandgivenfbrinvestors・Itis
expressedas 

dB/Ｂ＝RdL （１） 

whereBisthevalueofadomesticbonｄａｎｄｉｔｓｖａｌｕｅａｔｔｉｍｅＯ,Ｂ（O),ｉｓｅｑｕａｌｔｏ 
ｌｉｎｔｅｒｍｓｏｆｔｈｅｄｏｍｅｓｔｉｃcunPency． 

(3)Thespotrateoffbreignexchange(domesticunitperibreignunit） 
ThespotrateoffbreignexchangeBfbllowssuchastochasticprocessas 

d1qMRs＝且ｄｒ＋ｏｄｚ（２）

where似istheinstantaneousexpectedrateofreturn,Distheinstantaneousstandard

deviationanddzisthestandardnormalstochaSticprocess． 

(4)Ariskysecurity(fbreignbond） 

TherateofretumonafbreignbondisＲ鞠Itslevelisflatandgivenfbrinvestors
Itiswrittenintermsoffbreigncurrencyas 

姻畿/B歌＝尺湿r，（３）

whereB状isthevalueofafbreignbondanditsｖａｌｕｅａｔｔｉｍｅＯ,Ｂ兼(O),isequalto
lintelmsofthefbreignCurrency・But，becauseadomesticinvestorcannotavoid

fbreignexchangeliskintelmsofthedomesticcurrencytherateofreturnfbrsuch 
aninvestoronthefOreignbondfbllowsastochasticprｏｃｅｓｓｓｕｃｈａｓ 

ｄ(ＲＥ鵜)旧B讃＝（BdB戦十Ｂ鍼PS)/PsB戦＝。B戦/B楡＋dＢ凪
＝い＋Ｒ*)αr＋Odz． （４） 

According,becauseoffbreignexchangeriskafbreignbondisviewedasarisky 
securitybydomesticinvestors． 

－８８－ 



(5)Investor，sprefbrence 

Heisapurefinancial-assetinvestorandrisk-averter． 

(6)ExerciseofFERN 
AinvestorcanexerciseFERNatthefbrwardrateofPXO)onlyat7． 

1Ｖ．“Regret，，andthelnterestRateArbitrageTransaction 

Generally，theinterestratearbitragetransactioninvolvmgculTenciesoftwo 
countriesisdonefbrthepurposeofearningprofits，withouttakingonanyfbreign 

exchangeriskbyinvestingorraisingfimdsadvantageously､Ｉｔｍａｙｔａｋｅｍａｎｙｆｂｒｍｓ・
Accordingtotheinterestrateparitytheorem（IRPT)，wheninvestorsengage 

ininterestratearbitrageusingfbrwardcontractstheequilibriumspot-fbrward 
rａｔｉｏｃａｎｂｅｗｒｉｔｔｅｎａｓ 

Ｐ)(O)/Pb(O）＝Ｂ(ryB雛(7)，（5a）
whereＢ*(丁）ａｎｄＢ（７）arethevalueofprincipalandinterestattime7offbreign

anddomesticbondsrespectively・Ｔｈｅｙｃａｎｂｅｒｅｗｒｉｔｔｅｎａｓ

Ｂ準（７）＝Ｂ鱗(O)ｅｘｐ(Ｒ歌丁)，Ｂ(7)＝Ｂ(O)ｅｘｐ(ＲＴＬ

ｓｏ,thefbrward-Spotratiois 

PxO)/Ｂ(O）＝ｅｘｐ[(R-R磯)7］（5b）

But，coveredtransactionstrategiesemployingfbrwardcontractsmaycause 

investolBtoregretenteringintothetransactions，Letusconsiderthispossibility 

toregretexplicitlyandexaminetheinterestratearbitragetransactionagainWewill 
examinethecaseofanoutflowofdomesticfUndstoafbreigncountry,Strategy(S)， 

andaninflowoffbreignfimdstodomesticmarket,Strategy(B),ｉｎturn． 

Strategy(S） 

（１）Inthedomesticmarket,ｓｅｌｌshort［１＋Ｐｂ（O)]Xunitsofdomesticbonds， 
atotaldomesticcurrencyamountof［(１＋Ｐｂ)BＸＬｗｈｅｒｅＰｂ（O）isthe 
domesticcurrencypriceofFERMS)ａｔｔｉｍｅＯ， 

（２）Andchangethefimdsreceivedbyshortsellingdomesticbonds， 
［１＋Ｐｂ(O)］Ｂ(OⅨ,mtofbreigncurrencyatthepriceofＥＳ(O）andbuy 
fbreignbonds・Ａｔｔｈｅｓａｍｅｔｉｍｅ，makeafbrwardcontractwithcancel

optiontosellfbreigncurrency． 

ThecostofraisingfUndsfbrinvestors,Ｃｂ,ｉｓ 

Ｃｂ＝［１＋ＰＣ(O)］ＸＢ(丁)，（６）

andtheprofItswhichtheywillbeabletoearnafterTperiodsbyinvestinginfbreign 
is 

ns＝[X/PS(O)]β準(7)Ｍａｘ[且(7),Ｐ)(O)］

＝[X/PS(O)]β鱗(γ){Ｐ)(O)＋Max[PS(7)-P)(O),O]肌（７）

Accordingly,inequUibrium， 

（P)(O)＋Max[PS(『)-P>(O),O]｝凪(O)＝[1＋Pb(O)]Ｂ(丁)/B磯(丁)．
（８） 

－８９－ 



ComparingEq．（５）withtheaboveequation，（１＋Ｐｂ）oftherighthandside， 
ＲＨＳ，ａｎｄｔｈｅｓｅｃｏｎｄｉｔｅｍｏｆｔｈｅｌｅｆｔｈａｎｄside，ＬＨＳ，aredifYCrent、Thesecond
itemofLHSrepresentsthevalueofFERN(S),andBrepresentsitsunitpriceBoth 
Eqs.（５）ａｎｄ（８）showtheequilibriumrelationshipunderuncertainty,soinvestors 
shouldprefbrafbrwardcontractwithacanceloptiontoonewithoutitifPbis 
relativelylowAsaresult,Pbhastoriseuntiltheycannotenjoyexcessprofitsby 
usingafbrwardcontractwithacanceloptionThatis，Ｅｑ．（８）isanequuibrium 
conditionfbrdeterminatioｎｏｆｔｈｅｐｒｉｃｅｏｆＦＥＲＮ（S).Ｅｑ.（８）ｃａｎｂｅｒｅｗｒｉｔｔｅｎａｓ 

Ｐ)(O)凪(O)－８(7)／Ｂ艫(7)

＝－Max[且(γ)－Ｐ>(O),Ｏ]凪(O)＋田｡(O）Ｂ(7)/Ｂ識(γ)．（O）

Whenthemarketisinequilibriumandinterestrateparityholds,ＲＨＳｏｆＥｑ.(9) 
isequaltoO・SOtheequilibnumpriceofFERN(S)ｉｓ

Ｐｃ(O)＝（Max[PS(7)－ＰＸO),O]／PS(O)｝β鱗(7)/Ｂ(7)，（10a）
similally,itsequnibliumpriceatTis 

Pb(O)＝Ｂ験(γ)Max[且(丁トＰ)(O),Ｏ]隅(O）（10b）

Moreover,Ｅｑ.（１０a)canberewrittenfromtheinterestrateparityequationas 

Pc（７）＝Ｍａｘ[Pb(7)－Ｐ｝(O),Ｏ]／Ｐ（O)．（11） 

Ｎｏｗ，１etusconsideraninterestratearbitragetransactionusingfbrwardcon-
tractswithFERMB)． 

Strategy(B） 

（１）Sellshort［XB(O)田(O)］unitsoffbreigndiscountbondsinthefbreign
country． 

（２）Changethefbreigncurrencyraisedbyshortsellingintodomesticcurrency 
atRs(O）inthespotexchangemarket,andmakeafbrwaldcontmctwith 
FERN(B)． 

（３）BuyXunitsofdomesticbonds． 

Thecostofraisinghmdsfbrinvestors,ＣＤ,ｉｓ 

ＣＢ＝［ＸＢ(O)凪(O)]Ｂ磯(丁)Ｍin[ES(7),Ｐ)(O)］
＝［X/Ｂ(O)]Ｂ雛（７）Ｐ｝(O)－Max[P)(O)－２s(7),Ｏ］．（12）

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，theprofitwhichtheycanearnafterTperiodsbyinvestingin 
domesticbondslIBis 

nB＝（1-Pb)ｘＢ(了)． （13） 

Supposethat⑰ｉｓｔｈｅｐｒｉｃｅｏｆＦＥＲＮ（B）perunitofdomesticcurrency,Inequili‐ 
brium,wehavethefbllowingrelationship． 

（Ｐ}(O)－Max[P}(O)-PS(7),O]）凪(O)＝(1-卸)Ｂ(丁Ｗ歌（７）（14）

ComparingEq.（５）withtheaboveequation,２，hastoriseuntilmvestorscannot 

elUoyexcessprofitsusingafbrwardcontractwithFERN（B).Ｔｈａｔis,Ｅｑ.（14)is 
anecessaryconditiontodeterminetheequilibriumpriceofFERN(B).Ｅｑ.（14)can 
berewrittenas 

－９０－ 



Ｐ)(OWs(O)-Ｂ(了)/β雛(γ）
＝Ｍａｘ[P)(O)一四s(γ),ＯＭＱｓ(O)-2p(O)Ｂ歌(7)/Ｂ(7)．（15）

Inthesamemanner,ＲＨＳｏｆＥｑ．（15）ｉｓｅｑｕａｌｔｏＯ，sotheequilibriumpriceof 

FERN(B)ｉｓ 

〃(O)＝｛Max[P)(O)一PS(T),ＯＭＭO))B歌(丁)/B(丁）（16a）
＝Ｍａｘ[Ｐ)(O)一PS(7),Ｏ]/PxO)，（16b）

anditsequilibriumpriceattimeＴｉｓ 

彫(7)＝Ｂ鱗(7)Ｍａｘ[P)(O)－２s(7),Ｏ]凪(O)．（16c）

BothEqs．（10a）ａｎｄ（16a）includeunknowns，Ｍａｘ［PS(丁)-ＰｘＯ)，Ｏ］ａｎｄ
Ｍａｘ［ＰＸO)=＆(7),Ｏ］1℃spectively・Intheoptionpricingmodel(OPM),*lthese
unknownsa1℃ｃａＵｅｄａ“call，，，ａｎｄａ‘`put，，respectlvely、InthefblloWingsection，

wewillderivetheequilibriumpricｅｏｆＦＥＲＮ（S）ａｔｔｉｍｅＯｆｒｏｍＯＰＭｂｙｕｓｉｎｇ 

Ｅｑ．（lOb）ａｎｄ（16c）asequilibriumconditionsInＯＰＭ,theoptiondepictedin 
Fig4A(b)isａ``call，,andtheoptionshowninFig､４Ｂ(b)isａ``put，,． 

Ｖ・ＴｈｅＰｒｉｃｅｏｆＦＥＲＮ

TheequnibriumpnceofFERN（S）isgivenbyderivingthepriceofacallona 
fbreignbonddenominatedinfbreigncurrencyandwhoseexercisepliceisequalto 
thefbrwaldexchangerate・Similarly,theequuibriumpriceofFERN(B)isgivenby
derivingthepriceofaputhavingthesamecharacteristics・Inordertoderivethe

equilibliuｍｐｒｉｃｅｏｆＦＥＲＮ（S)ａｎｄＦＥＲＮ(BMhefbUowingassumptionhastobe 
added． 

Assumption(7)ThepliceofFERN(aEuropeanoption） 

ＴｈｅｐｒｉｃｅｏｆＦＥＲＮ｣PoiSafUnctionofthefbllowingvariables;（１）thepriceof 
theunderlyingasset,thatis,afbreignbond,ＢＢ朱;(2)ｔｉｍｅr;(3)theexerciseprice，
thatis,fbrwardexchangerateP；（４）ｔｈｅｒａｔｅＯｆｒｅｔｕｍｏｎａｄｏｍｅｓｔｉｃｂｏｎｄＲ； 
(5)therateofretumonafbreignbondR歌;(6)thevananceofthefbreignexchange
rateo2ProvidedthatP，Ｒ,Ｒ準,Ｄ２ａｒｅｇｉｖｅｎ，

ＰＣ＝Ｃ(BSB罐,r:Ｒ,尺轤,Ｐ，｡）（17）

SuchacontingentclaimiscalledaEuropeanoptiononafbreignbond，which 
investorscannotexerciseuntUthepredeterminedmaturitydate・

ＡｓｔｈｅｐｒｉｃｅｏｆａｎＵｎｄｅｒｌｙｉｎｇａｓｓｅｔＰsB＊issubjecttoadiffUsionprocess 
(assumption(4))andtheoptionpriceHoisaiimctionofthepriceofanunderlying 
assetPbB＊ａｎｄｔｉｍｅｒ，wecanderivethefbllowingrelationshipfromIto,ｓｌｅｍｍａ*２ 

．Ｐｂ＝Ｇｓｄ(PbB殿)＋(1/2)GSS[。(PsB識)]2＋Ｇｒｄｒ．（18）

BysubstitutingEq.(4)intotheaboveequation， 

。Ｐｂ＝［(l/2)０２(ＲＥ鼈)ｚＧｓｓ＋仏＋Ｒ鱗)BSB歌Ｇｓ＋Ｇ］ｄｒ＋･(ＲＥ辮)Ｇｓｄｚ，
（19） 

whereGs＝ＯＧ/8Pb,GSS＝８２Ｇs/a汗．

Asanoptionplice,PbisafUnctionofthepriceoftheunderlyingassetHsB拳,so
PoisalsosubjecttoasimilarstochasticprocessAccordingly,Ｒｏｃａｎｂｅｗｒｉｔｔｅｎａｓ 
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dpo＝lUoEodr＋qolBdZo． （20） 

ComparingEq.（19)ｗｉｔｈＥｑ.(20),thefbllowingrelationshipisderived 

似｡凡＝（1/2)ｏ2(PsB兼)2Ｇss＋仏＋Ｒ勺ＲＥ戦Ｃｓ＋０， （21a） 

ooP。＝ｏＰｓＢ鱸０ｓ （21b） 

。Z・＝ｄｚＱ１ｃ）

Letusconsideraportfbliocomposedofthreeassets：（１）adomesticbond， 
(2)anunderlyingasset(afbreignbond)ａｎｄ(3)ａｎoption(FERN).Supposethatthe 
weightofeachassetintheportfblioisrespectivelyWI/O，リIﾉ,，〃２，andthatthenet
investmentamountiｓｅｑｕａｌｔｏＯ，ｔｈａｔｉｓリI/O＋Ⅳ，＋〃２＝0．Ｔｈｅｒｅturnonsucha

portfblioayis 

dレーリl/,[(｡(PsB雛)/(RFB戦)-Ｒｄ/］＋Hﾉ2[(dEo/Ｂ)-Ｒｄｒｌ（22）

SubstitutingEqs.（４）ａｎｄ（20)intotheaboveequation,Ｅｑ.(22)canbelewrittenas 

dr＝［PIﾉ,仏十尺*-尺)＋ﾘｨﾉ2仏｡－Ｒ)］。「＋(〃,ｏ＋Ｆ１/20｡）ｄＺ（23）

Inequilibrium，ｉｔｉｓｉｍｐｏｓｓｉｂｌｅｔｏｍａｋｅａｐｒｏｆｉｔｗｉｔhOnetinvestment，sothe 

fbUowingrelationshipholds． 

〃，（lu＋Ｒ*-Ｒ)＋Ⅳ2(似｡－尺)＝０（24）

Investorscanfbrmthefbllowingrisk-neutralportfbliocomposedoftheunderlying 
assetandanoption， 

PI/,０＋、ﾉ2o・＝０．（25）

BecauseW1，リl/２≠0,wecanderivethefbllowingequilibriumcondition，

（＃＋Ｒ*-R)/０＝(似｡-Ｒ肋。 （26） 

TheaboveequationcorrespondstoEqs.（10)ａｎｄ（16).ＲｅｗｒｉｔｉｎｇＲＨＳｏｆＥｑ(26） 
bysubstitutingEqs.(21a)ａｎｄ(2lb)， 

仏＋Ｒ*-R)/ｏ＝[(1/2)０２(凡Ｂ鞭)GSS＋仏十R戦)PIE＊Ｃｓ
＋Gr-RPo]/ＯＢＢ殿Ｃｓ（27）

Wecanderiveapartialdifferentialequationfromtheaboveequation． 

（l/2)０２(Ｒβ*)２Ｇ"+Ｒ(Ｂ８句Ｇ３＋ａ－ＲＰｂ＝０（28）

ＦｒｏｍＥｑ.（lOb),thevalueofaunitofFERN(S)ａｔｔｉｍｅ7,2(7)ｉｓ 

Ｂｃ(丁)＝Ｍａｘ[PS(γ)Ｂ雛(7)－Ｐ)(O)Ｂ戦(7),Ｏ]凪(O)，（29a）

and,fiPomEq.（16c),thevalueofFERN(B)attime7is 

〃(7)＝Ｍａｘ[0,ＰｘＯ)β鞭(7)－Ｒ(7)Ｂ鱗(7)]/PS〔O)．（29b）

TheequilibriumpriceofFERN（S）ａｔｔｉｍｅＯ,ＰＣ(O),canbederivedbysolving 

Eq.(28)undertheinitialconditionthat 

G(Ｂβ*,Ｏ)＝０（30） 

andusimgEq.（29a)， 

Ｐｂ(O)＝ＰＳ(O)Ｂ轍(γ)１V(｡,)-Ｆ（O)[Ｂ鱗(7)/Ｂ(γ)]Ⅳ(d2）／PS(O)．

Bydefinition， 

Ｂ*(7)＝Ｂ*(O)ｅｘｐ(Ｒ＊丁）＝ｅｘｐ(Ｒ*丁）

and 
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Ｂ(7)＝Ｂ(O)ｅｘｐ(R丁)＝ｅｘｐ(RTl

Thus， 

Ｐｂ(O)＝exp(Ｒ轆了)１V(`,)－[P)(O)/Ｐ３(O)］ｅｘｐ［－(R-R総)丁]ｊＶＵ２)，
（31a） 

providedthatW(のfbllowsanormalprobabilitydistributionfUnctionand

d,＝(1,[PS(O)/P>(O)＋β(7)]＋(1/2)｡２７)/０Ｖ~テ
ー(１，[Ｂ(Q)/P)(O)]＋[Ｒ＋(1/2)０２]『}/ｏＶＴ

ｄ２＝`,－０Ｖ〒・

Interestratepalityholdsinequilibrium，sotheaboveequationcanberewritteｎ 
ａｓ９ 

Ｐｃ（O)＝ｅｘｐ(Ｒ求7)/Ｖ(d,）－１Ｖ(d2）（31b）
。,＝[Ｒ誰＋(1/2)０２］丁／０Ｖ『,ｄ２＝ｄ１－ｏＶＴ・

Next,fromthefbllowingrelationship， 

Ｍａｘ[0,ＰＸO)-PS(7)]＝Ｍａｘ[PS(丁)-P)(O),Ｏ]－[且(7)-P}(O)］
（32） 

thepriceofaputattime7,Ｐｂ（0Ｍｓ 

み(γ）＝Ｍａｘ[0,Ｐ)(O)-Pb(7)］
＝Ｍａｘ凪(7)-P}(O),Ｏ］－[PS(7)－Ｐ)(O)］
＝Pb(7)－[Pb(7)－ＰＸO)]．（33） 

Accordingly，wecandelivetheequilibliumpriceｏｆＦＥＲＮ（B）bysubstituting 

Eq.(31a)intoEq.(33)． 

〃(O)＝－exp(R顎丁)M-d,)＋[P)(O)/Pb(O)］ｅｘｐ[－(R-R*)γ]１V(-ｺ2）
（34a） 

Inthesamemanner,theaboveequationcanberewrittenfrommterestrateparity 
asfbllows・

Ｐｂ（O)＝－exp(Ｒ*γ)Ⅳ(－ｺ,）＋1V(－`2）（34b） 

Thusinvestorscanavoidthepossibnityofregretingbypayingthecostindicated 

byEq.(31）whentheymakeafbrwardcontracttosellfbreigncurrency,andbypay-
ingthecostofEq.(34)whentheymakeafbrwardcontracttobuyfbreigncurrency． 

Ｖ1．TheForwmdExchangeRateandthePricｅｏｆＦＥＲＮ 

BydiffbrentiatingEq．（31）withrespecttothefbrwardexchangerate,wecan 
derivethefbllowingequation． 

DPと(O)/ａＰ｝(O)＝－exp［－(Ｒ－Ｒ状)γ］Ｍｄ2）＜０（35）

Inthesamemanner,thefbllowingrelationshipcanbederivedfromEq.(33)． 

OPP(O)/ａＰ)(O)＝OEC/aP)(O)＋exp［－(R-R総)γ］（36）

ＴｈｕｓｉｔｃａｎｂｅｓａｉｄｔｈａｔｔｈｅｐｒｉｃｅｏｆＦERN（S）increasesandthatofFERN（B） 
decreasesasthefbrwardexchangerateincreases.(seeFig.５） 
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Fig.５ForwardrateandthepriceofFERN． 

Fig6mayhelpthereadertounderstandtheaboverelationship､Ｉ、Fig.６（a)，
theexercisepricePXO）isanunbiasedestimatorofafUturespotexchangerate 
R(7),thatis， 

Ｐ>(O)＝Ｅ[Pb(7)L 

sotheshadowareacorrespondingtｏｔｈｅｖａｌｕｅｏｆＦＥＲＮ（S)isequaltotheother 
areaofobliquelinecorrespondingtothatofFERN(B）I、Fig.６（b),duetoalower
exercisepriceis，ｔｈｅshadowareacorrespondingtoFERN（S）islargerthanthat 
correspondingtｏＦＥＲＮ（B)．Ｔｈａｔis,ｔｈｅｖａｌｕｅｏｆＦＥＲＮ（S)islalgerthanthatof 
FERN(B).Ontheotherhand,Fig.６(c)showsthatinvestorshavetopayarelatively 
highercostfbrFERMB)becausethefbrwardexchangerateishigher． 
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Fig.６ＦｏｒｗａＨｄｒａｔｅａｎｄｔｈｅｐｒｉｃｅｏｆＦＥＲＮ． 

Ｖ11．Conc1udingRemarks 

lnvestorsmakingfbrwardcontractｓｈａｖｅｔｏｅｘｅｒｃｉｓｅａｔｔｈｅｆＩｘｅｄｆｂｒｗａrdrate 

onmaturitydateindependentoftherealizedfUturespotexchangerate・Accordｉｎｇｌｙ
ｔｈｅｙｍｉｇｈｔｒｅｇｒｅｔｉｆｔｈｅｆＵｔｕｒespotratechangesadvantageously・Investors，ifthey
arerisk-averters，shouldhesitatetousefbrwardcontractswithoutanycompen-
satiｏｎｆｂｒｔｈｅｒｉｓｋｏｆｒｅｇ1℃t，inotherwords，withoutreceivingariskpremium･ 
However，ｗｅｋｎｏｗｔｈａｔｓｕｃｈ“regret，，ｃａｎｂｅｅｌｉｍｉｎａｔｅｄｂｙｍａｋｉｎｇｕｓｅｏｆＦＥＲＮ・
Inthispaper，weconsideredinterestarbitragetransactionsusingFERNand 
derivedthemarketequilibriumconditionsnecessarytodeterminethepriceof 
FERNFinallytheequilibriumpｒｉｃｅｏｆＦＥＲＮｗａｓｄｅｌｉｖｅｄｂｙｕｓｉｎｇＯＰＭ・

InJapan，ｔｈｅＢａｎｋｏｆＴｏｋｙｏｗａｓｔｈｅｆｉｒｓｔｂａｎｋｔotradefbreigncurrency 
options，ａｎｄａｔｐｒｅｓｅｎｔｆＷｅｂａｎｋｓａｒｅｄｅａｌｉｎｇinthecurrencyoptions：Ｓｕｍｉｔｏｍｏ 
Bank,TokaiBank,Dai-ichiKangyoBank,CitｉＢａｎｋＮＡ.（Tokyo)ａｎｄｔｈｅＢａｎｋｏｆ 
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Amelica（Tokyo)．CurrencycontractsarewrittenonlｙｏｎｔｈｅＵＳｄｏｌｌａｒ,ａｎｄｔｈｅ 

ｔｒａｄｉｎｇｖｏｌｕｍｅｉｓｓｔＵｌｌｏｗ・Ｔｈｅｎｕｍｂｅｒｏｆｕｓｅｌｓｏｆｔｈｉｓｏｐｔｉｏｎｉｓalsolow・Ｉｔｉｓｓａｉｄ

ｔｈａｔｅｖｅｎｔｈｅＢａｎｋｏｆＴｏｋｙｏｈａｓｏｎｌｙａｂｏｕｔｔｅｎｃｕｓｔｏｍｅｒｓａｎｄｔｈｅｏｔｈｅｒｓｈａｖｅ 

ｏｎｌｙｏｎｅｏｒｔｗＱＴｈｕｓ，althoughourbankshavebeguntodealinfbreigncurrency 

options，theyprobablystiUdboutwhetheritwilldevelopintoaviablebusiness、

Iwasinterestedinderivinganequationtopricefbreigncurrencyoptionsand 

alsoinhowwellsuchaequationcouldestimatethepriceofcurrentlyquotedoption 

contractsAcompansonofoptionpricescalculatedbｙＥｑｓ.（31）ａｎｄ（34）toprice 
quotationsfiPomTheBankofTokyosuggestedthattheobtainedoptionpricesare 

detelminedaccordｍｇｔｏＥｑｓ（31）ａｎｄ（34)．However,Icannotpresentadirect 
companson，ｂｅｃａｕｓｅｔｈｅＢａｎｋｏｆＴｏｋｙｏｗｏｕｌｄｎｏｔｐermitreproductionofthe2r 
optionpricetablehere． 

Notes 

SeeBlack-ScholesO973)andMerton(1973)． 
SeeappendixofSmith(1976)． 

1． 

２． 
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