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1Introduction  

Thisarticleprovidesanarbitrage－freemodeltoeval－  

uatethetermstructureoflendinginterestrateswhen  

aftactionofcollateralisrecoveredupondefaultofthe  

borrower．Unlike the previousliterature，We aSSume  

that the value of．the cdlateralassetfluctuates over  

time with certai11COrrelation t，O the risk－freeinterest  

rateaswellasthedefaulthazardrateoftheborrower．  

Itisshownthat thebankloanis asumofholdinga  

coupon－bearing bond and se11ing a put option，both  

beingcallableupondefault・AGaussianmodeliscon－  

sidered，aSaSpeCialcase，tOderiveananalyticexpres－  

sionoftheappropriatelendinginterestrates，andsome  

numericalexa・mpleisglVentOdemonstratethatbank  

loansexhibitdi鮎rentpropertiesfromcorporatebonds・  

at，timetk．   

LetTdenotethedefaultepochofthefirm，andlet  

L（t）bethetimetvalueofthecollateralasset．Ifthe  

firmdefaults beforethe maturity T，the recoveryof  

thebankisgivenbymin（βL（T），F）forsomeβ，Where  

O≦β≦1．   

Let r（t）denote the default－free spot rate at time  

t，and denote the cumulative spot rate by R（t）＝  

j；r（u）du・Thetimetmoney－marketaccountisthen  

givenbyB（t）＝eR（t），i≧0．Accordingtotherisk－  

neutralmethod，thepresentvalueofthetotalpayments  

Ofthefirmisobtained，aftersomealgebra，aS  

ダ  

花＝ヰ墓誌り丁＞小村｛T＞醐  
min（βエ（T），ダ）  1｛丁≦T｝］，  

β（T）   

WherelA denotestheindicatorfunction．Since  

min（x，b）＝yLmaX（y－X，0），   

WeObtainfrom（1）that  

2 The ModelRamework  

Throughout，WefiⅩtheprobabilityspace（0，F，P）  

anddenotetheexpectationoperatorbyE・Theprob－  
abilitymeasurePistherisk－neutTYllmeasurt＝，Sincewe  

areinterestedintheprlClngOffinancialinstruments・  

Thecanonicalfi1trationgenerated by the underlying  

stochasticstructureisdenotedby（Jt）・   

SupposethatthecurrenttimeisOandthebanklends  

FdollarstoacorporatefirmwithmaturityT＞0・In  
compensationoftheloan）the丘rmrepayscrFdollars  

tothebankattimeepochstj，WhereO＝to＜tl＜  

t2＜・・・＜tm＝T，andtheprincipalFatmaturityT  

inthecaseofnodefaultbeforethematurity．Ifdefault  

occursduring（tk，tk＋1】，thenthepaymentterminates  

花＝ヰ差姦㍉T＞tJ｝＋  

fl  

）  β（r∧丁  

）  

max（∫－βエ（丁），0  
一方   

β（T）  

Wherex∧y＝min（x，y）・Wethushavethefo1lowing．   

PropositionlA bankloan with a collaterYllassetis  

e叩αょねαβ祝mqJんogdれタαCO叩0丁トむeα血iタむ0†もdα乃d  

βeJ肋夕叩剋f叩如mひ摘ねmoγも兢ecoJねfeγⅦgαββeちむ0班  

ゐeれタCαJgαあJeαまdqわむJf epoc九．me～e乃d吉和タむαれたゎ  

αJひ叩βe坪0βedわp柁p叩me†lfr由た．  
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Now，Sincethelendingrateα＝α（T）shouldbede－  

terminedsuchthatthepresentvaluesofthebothsides  

are equal，We Set花＝Fin（1）to obtain thefol－  

lowlng・In whatfo1lows，Ye aSSume that the bank  

is default－free・AIso，We take the reduced－form ap－  

proach・Thecurnulativedefaultprocessisdenotedby  

H（t）＝Rh（s）ds，l≧0，andweshallusethenota－  

tionM（t）＝R（t）＋H（t）astherisk－a4justeddiscount  

prOCeSS・   

Proposition2StLPPOSe that，under the risk－neutral  

pmあαわ戎上物meαβひ代P，班edゆ祝Jfpmceββ豆βαCoェp和一  

Ceββひi兢玩feγlβ和ん（f）・7Ⅵe乃，〃ほJe†1dれ夕飯ね柁β吉和fe  

由タれ杷乃わy  

ぴんe†℃  

竺圭竺 ㌘ト  
1－e‾αrt  

卑（り＝電㈹＋Jまf＋2β  
αγ  

α乃d  

log【エ／l・（瑚  
＋gy（t）・   d（t）＝   

gy（f）  

Itiswellknownthattheputoptionpremiumde－  

CreaSeSintheinitialpriceLandincreasesinthe、VOlatil－  

itySY（t）・AIso，thecorrelationcoefhcientpappears  

OnlyinthevolatilitySY（t）・SinceSY（t）isincreasing  

inp，thenextrresultisimmediate．   

Proposition4九 the Gaussian modeldescribed  
αh〃e，仇eねm血タmfe由decr℃αβれgれ兢eれ豆如J〃αg祝e  

エげ仇eco批feれユJαββefαれdれcr℃αβれタ乞m兢ecomJα一  

如乃COq伊c慮eれfβゐeれeem班e coJねまeγⅦJαざβefα乃d兢e  

d的む払♪℃e呼0£mfe．  

ト呵e一岬）卜∬く（可d祝  
α（r）＝  

（3）  

∑芸1呵e‾叫叫  

ぴんeγ℃  

Sinc 

＝2。Lt．2。：［t－  
（（u）＝E［h（u）min（βL（u）／F，1）e－M（u）］・   1－e‾αrt  

αγ  

WhereqListhevolatilityoftheco11aterala5Set，We  

thenhavethefo1lowlng・  

Proposition5血 the Gaussian modeldescribed  
αみ0γe，卯≧0兢e几妨eJemd吻mね虐β塵犯C陀αβ如血統e  

γO仏土夏物Jレ〝p＜0，銑eJeれd如rαね由decγ℃αβ叫れ  

打上げαれdoれJyぴ  

3 a Gaussian llVIodel 

Weconsiderthefo1lowlngGaussianmodel．Thatis，  

underP，SuppOSethat  

dエ  
＝r（f）dトH兄dzム，  

dγ＝αγ（mr－γ）df＋Jrdzr，  

anddzL（t）dz，（t）＝Pdt・AIso，thehazardrateh（t）isa  

deterministicfunctionintimetandF＝β＝1forthe  
Sakeofsimplicity．   

Proposition3九 the Gaussian modeldescribed  
αむ0γeJ兢eJeれd玩夕豆乃ね陀βfmね由タねerlわy  

‾／灯γ 割－  

1－e－恥t  
J⊥≦∑r≡  

αr   

FromProposition5，Whenp＜0†thelendinginterest  

rateisdecreaslnginthecollateralvolatilityqLaSfar  

asitislessthan∑r・Thisisinteresting，becauseit  

indicatesthatalargervolatilitydoesnotalwaysresult  

inahigherinterest．   

Next，WeCOnSiderthee鮎ctofthehazardrate．Fbr  

，thispurpose，WeaSSumethatthehazardfunctionis   

glVenby  

坤）＝わ車＋り「‾1，f≧0．  

Somenumericalresultswi11beshowninthepresenta－   

tion．  

1一岬）e‾叩）－∬坤）e一坤）（tI（り－p（硯df  
α（r）＝   

∬叫）e一〝叫混  

ひ九eγ℃上＝エ（0）αれdlや）demofeβ兢edqわ祝g£「舟eeぬ－  

COむ和書み0れdpわce址′豆兢mαねわまyf・mep祝fo〆わ乃p柁－  

mねmねタねeγlわy  

p（t）＝叫）◎（缶・（f）－d（ま））－エ◎（－d（f）），  
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