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intr insic \ i( luc is ilsell a (.leri\ati\t' asset \\h(tsc \a lue dcpeiuls on tio!

one, hut se\eri i l . potcnt ia lk deliverable hontls. l a c h tU'livorahlc bontl's

\ak ie is in turn tlepciulent on an nrKleriyiri^ interest rale process and may

eoii tain addit ional cnihedded options. l.astK. there is a tielivcr) inler\Lil

rather than a single lixcc! tiate (as in Luroj ican (»[»tions) or conti tuioi is

c.lch\'erv las in Anierican options).

I his artiele ui i l i /es ihe Bliss and Honri i 1 '-'S4} interest rale process

to il iustrate die del.iils of the process of emplovint^ a diserek'-t inie

model U) e\iihiHtc options on f reasury Hond Intures and lo derive

,ini\ test a tradinjj, rule based on ihe implied ihi 'orel ical values. I hc

Bliss l^onii rTiode! is selected hecause it c\])i ieit iy iiieorporates l ime-

v;trvin>f parameters. Miere i'̂  considerable casual e\i(.!eiice, as well as

statistical evidence in Bliss and Ronn (h*H' ) i , suggestinj^ that impor-

lanl characteristics ol thi^ inlcrcsl rate |)roecss change through t ime.

Sinee the empirical applieation in l l i is artiele uses an extremelv coarse

time g r i d the tr inoni iai naturt.- of the BHss Ronn tnodel is an atided

atlvantage relative lo a liinoTnial j^rid.

\s in all models oi iiTianeial eeonomics. the validity ol ,t nio<!el is

examined not l>\ the ap[>iieahilit\ ol cavh oi the niodci's assumptions,

hut rather l)\ the empiriea! rcl iabi i i t \ ol (he model's pretl ictions. I l ins .

model values are subjetted to two tests. In the Iirst, ihe Tnodel is tested

to see wbetber it gives rise lo iird)iasccl predictors ol market prices. In

tbe seeond. "paper trading" is used to test vvhctbcr tbe niodel is able to

detect arbitrage opportunit ies in existing Tiiarket priees.

\ aluation oi I reasurv PtontI Inlures options begins v\ i th an as-

sumed iTiodel ol the undi ' r iv ing interest rate [process. .Xrhitragc argu

meuls then ieati to homids on ihe values ol Intures contracts antl

related o[>tions. Ibe interest rale jiroeess used Us tlerivc tbe valuation

process is sor i idb ing ol a ii iatter ol laste. I or ir islante. I icath, [arrow,

and ,Morton (. I')')()) useti tbe ti iserele-li ine version o( their niotlcl.

( ontiiuH)Lis-time niotlels, j i ioncered by Ci>\. [ngcrsoll, and Pioss (C IRl

I 1*)8S). include V.isieek ( |0~7) , C'otirtatlon (! ^)H2), jamsbid ian i I')SS),

Hu l l and Wbi te j l 'M){)). Ikennan ant! Scln\ar t / ( l ' * " 9 ) . and [ ongstalT

and Scbvvart/ i l ' * 9 2 ' , amongst main otbers. Discrete motlols iFKlutle

Mo and let- : i 9 S 6 i , RIaek. Dcrman. and lov ( l')^H)i, ant! Riiss and

Ronn ( hJS9!.

i lea tb . Jarrovv. antl Mor tn i i fl'-?9(j, i992,)) pr(Hli!ced tliscrete- and

eoutinuous-t inic variations ior a class ol models and tiemonstratct! the

L n l i H " i i i n , ! l ! ' K t i | ^ l o n i i i i i d n i . i i u ^ i ( h e l U ' ^ r s s . i r v d r l . i i l s " i i h f i u f u r i . ' ' . , n i i l

H i K i " - s , - . U l h . i - " I h e [ > n ' i ! - • ( ' u n ' i r s ^ • . c n u t ! K t- •i\ l i s t - d i ^ ' l i ' . r r \ p r n i i v s .
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citntl i t ions under whit b tbe cont inuous- l ime model is a l imi t ing ease tor

a particular discrete-time model.

I he advantage ol discrete t ime motlels is that tbc\ t an bantlle

an\ tiesireti tiegree ol com[)le\ity in tbe tierivative securitv. Ihe dis-

atlvaritage ol tbese tnotlels is ibat lhe\ cati be eomputationallv iri-

tensivt'. espcci.illy in tbe case ol non-reconihining patlis, as tbe rc-

l inement ol tbe tree [)r(K!uccs an increasing number ol Tiodes to he

evakiateti. l o r t una teK . I lea tb . |arrovv. ami Mor ton ( l ' - )9 ib) argueti

tbat reasonabk uselul results can be obtaineti witb a rclativt'lv eoarsc

gri t i ," hi tbe aeadeniie l iuante l i terature, eontinnous inne models

appear more Iretjt ientlv. in [)art because tbe st \ l i /et l securities heing

addressed are amenable to LinaK tic solutions, hi practiee. however,

actual tierivative seeurilies arc li*et|uentlv too complex lor cont i iu ious-

t ime metbotls. anc! practit ioners, ol neeessitv. preier answers over

elegance.

I his .trticle attempts to contr ibute to tbe l iterature hv present-

ing a rigorous tbcoretic al arui empirical a[ ip l i tat ion ol an interest

rate model to the [)ricing ol ibcse conlract.s. as well as out l in ing

tbe appropriate enipirieal "burtl les' lo whicb su th models sbuultl he

suhjeetc-tl,'

I be rcmaintler ol tbe article is organi/etl as iol lows: II outl ines

the valuation o( the options on tbe I'-Ront! luiures contraet in the

(•(Mitcxt ol tbe Bliss Ronn model. I be valuation is in tbe lorm ol

no-arbitrage hounds thai arise Iron^ tbe nature ol ibe contracts'

main implici t options antl l l ie project ctl state-dependent values

ol ibe Luitieriving tlelivcrahle bonds. It im|)lements empirieal tests

ol tbe set o! fio-arbitrage eondil ions applie.ihle to ibe I rcasur\

Bf)iuls lutures option contract. In ibc l inal antiKsis, the tjuestion

ol wbetber it is tbe market j)riee oi tbe mode! value tbat repre-

sents the " lair value" ol tbe option retjuires an examinaiion ol tbe

possible existence ol t ratling o|)portiuiit ies based on tfic options'

mode! values.
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ce ol I At'iUs lor Option Valuation
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TABLE I
n! I vents inr' Option \ ahu

\ i i l u t ' 'lj I

July 31st (• Date o'. option '.'aluahtin
August 22nd (• Opliors (^xpuPH ilifOf-' possible stales ot nature, '.u.n d'.

Seplen!hf!r Ujt r, Firsl date lor detivo-ry agatnst tnturos contract same throe states
ol ruuurh as on AiKiust ?2iiii Ui ;; d'.

Septemiior TiOti. !.-. Second innd linnl; daifHor flfjlivcy ngam'̂ jt *uUji"es conliad Cach

siaie of nniitre at lime (. has spawned thiee possible Cifatos ot
na tu re ' o ' a to la l ot 0 sU'iles .mi an ad] •mrnn ndi..(lii cin da:

Bor,;.: ii,:u'

nl>s<.' i"\; i l)U' p r i c e s i t l I K H K I S i t i u l n o t e s at t i i i i c / o , t i l e P''{iu) at l i n u ' tj

a n d / * " M f ) ? l .It i i n u ' t:, i n n s l l i r o i - n t - r a t i ' t l ns in<^;

I . r i u ' \ ; i l t i c s o i " i'^'i in):

1. l l i r \ a l n ( ' s I I I t h e s f a t c W i r i a b l c s i m p l i c i t i n / ' ' ' ( u i ) ; a n d

-̂ . I h<.' e s t i m a t e d , r e j ^ r e s s i ( > n - ( l e r t \ e ( : l . p e r l i i f h a t i n n l i i i u ' t i o n s / ( , \ , , .

I n a i i d i t l o n t ( t t l u ' l i i i n r e s t a t e - s p e c i l i c t e r m s l r n e t u i x ' s . t h e a \ a i l a l ) i i -

i i \ o i t l i o p e r l i i r b a t i o n i t t n c i i o n s p e i i n i l s f ) n e t o ea ie t i l a t f . ' t h e t r i n o n i i a i

r i s k n e i i t r a i p r o i i a h i h t i e s . I h u s . n s i t i o t l i e n i e t h o i l o l o g v o l A p p e n d i x \ .

o n e e a n c o m p u l e 177,Vf i i if" e a c h o i t h e t h r e e s t . i t c s at t i n i e ! , a n d / j , as

w c i i as {7T,{\ ( o r c a i h o l t h e n i n e s t a t e s a l t i m e t ̂ -

Sd-p 2:
!)eii\cM-al)ie i)onds are those I. .S. i reasnr\ Bonds, mainriTi^; at least

!S \ears Ironi t lel i \er\ thua ol the iutLiics eont ra i i it iiut callable, and,

i! ta l lahic, not so lor .it ie.ist IS \cars i rom i lel i \er\ tiaic. Ihe i. i iSP

(!o\ i ' rnmen( Bonds 1 ile is seanncd ior ihe set o! all honds satislxin^

this re(|i i irement a! date- /||. It is inappi'opi"iate to inckide tleh\eral)!e

hotuls v\l i ich tiia\ appear hetween (o and tiie i i iat i i r i ty oi i i ie intures

(.onlract at t >, as l i iesi ' issues mi^ht not he in the in lorm. i i ion set at the

l ime the o[)tion is e\alnaled. tn-

l )el i \eral) le honds inehitie issnes such as I'.iilahi!* and i iower ixituis

v\l i ici i conSain speeiai pro\isions impacting on l i ie ir \ . i ln i i l ion . ihe itr-

t i i rc, state-eonliriueTit. priees o! tiiese i)Ofuis tannot he ik'tci 'mincti soieiy

h\ disi out i t in i ; (luar eash Hows uiuier t i ie proit 'cleti, state-eontingent.

term st rue I it res. i Aen tionc.iihtl)ie, non i iower iionds are jioteruiaiiy
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a t i e c t c t i i>\ k l i < ) s \ n c r ; i [ i i ' i ) ( | i i i ( l i t \ < I I K I ! a \ c l l r t l s , t s s h o w ii i n P . l i s s

( P H J . ^ t . h i e s l i i i i a t i n g t h e p i - j t c s o l h o r u l s i i n t l f r p r o j e c i c i ! l i i t i i r c - I c r n i

s l r i i c i L i r c s . t l u - p r e s e n t \ i i ! u e o l t h e c a s h f l o w s i s t h e r e f o r e a d j i f s t f t l h \ . i n

a t l d i ! i \ e i ^ i c l o r c l r s i i i n e d t o c a p t u r e ( h e s e a f l e c i s , i h i s l a e t o r i s t l e f i n e c l

t o h e t h e s [ t r e a t i . n h s e r \ e d a t l i m e / u , h t i w c e n t h e ( j u o t e t l a s k e d p r i c i -

a n t ! i h e p r e s e n l \ a h K ' o l t h e t a s l i H o w s l U i d e r i h e tr, I c r T u s i n i e t i i r e .

S p e e t l J c a l K , i e t i h e j t l i h o n d ' s o h s e r \ a h ! e m a r k e t p r i i ' e hi.- H , { t i i )

a n d t a l e n l i i E e t h e p r e s e n E \ a h i e s ( l i e a e h b o n d ' s e a s h l i i i w s a s L i i \ e n

h \ ( I , U n ) "- Z r ' u ' ' , ' ^ ' ' f ^ i - P " ( ' i / , l . ' I h e d i l T e r i ' i i e e f ' , i ( o l I'^iU)'^

i \ j ' / u ' i s a n a d j i i s t m e n t h i c t o r a i l r i h i i t a h l e S o t a x o r l i i j u i d i h e f j e e t . s . o r

l l o \ \ e r " i i n d e a l l p r o v i s i o n s .

P i - o e e e d i i u 4 \ i a I h e m e t h o i l o l s l o t h a s t i e c k l i a n i i e

e o n s i d e r t h e \ a l i i e o ) t l s e i u t u r e s e o n l r a t t il d e i i \ { ' r \ t a k e s p i a e t ' a !

t i m e / ; , ( . i \ e n t h e s t a S e t l e p e n d e n t t e r m s l r i i t t t i r e l*"Hi>i], i l i s p o s s i b l e

t o l o m p u i i ' t b e < h ( n i p e s l " ! c ) - d e l i \ e r ! > o n d . i o r e a e h h o n d n t ' ^ l i r s l

l a i e i f h u e t b e l i i l e t l ( . ' l , ' ( ^ 0 . a r u l t b e n " l o r e c a s l " i t s t i i a r k e l p r i e e a s

H . i i J C 1 , " ( / U ' ! ' ; U u ) - " l e t i A l ^ ) r e p r e s e n t i h e a e e r n e d i n t e r e s t

o n b o n t ! j .\i [ \ n i v l i . A m i ( , t b e t o n x e r s i o n h s e t o r o f i h e h o n d l o r

p u r p o s e s o ! d e i i \ e r \ a i i a i n s t a I r e a s n r \ B o n d l u l n r e s e o n t r a i l ,

1 h e n t h e \ a i n e o f l l i e h i t u r e s e o n i r a e t i n e a c h o l d i e n i n e [ ) u s s i h l e

l e r m i n a l s t a t e s a t l i m e t >, i s ^ i \ e n I n

min

Step 4:

\ o % \ e o n s i d e r \ h v v a l u a t i o n o l t i i e ( u l n r e s t o n U a t t a l e a e h o i t i i e

i h r e e s l a t e s a ( t i m e Iy. I ' U ^ ! . s 'c" \ u . n . J ] . h i i h e a b s e n e e o i ( l i e e a r k

d e l i \ i a " \ ( ! p t i o n , i n < . ' . i e h s t a l e , t h e I n t n r e s < . ' o i i t r a e t p r i e e w o u l d c c j i i a l

i h e e x p e c l e d \ a i u e , n n d e r t ! i e i r i n o m i a l l i s k - n e n t r . i l v a l u a h o n . o l t h e

e h c a p e s l - l o - d e i i \ ' e r h o n d a ! t i n u * ! ̂ .

r i ! y \ y TT'''' I ' { ! i.) i I ;

, i [ i - K I , , H i < [ f , i . , i u u l . o ; : i L n I H F J i n - K , I i > n \ e i M ' K . ; i i l . i n n , >:: ^ i s s r i h . d i r n ^ . i h i n U J . < { v

i u | K i ! h i M v . M k i i , i i i . i ( ! ; H - - l i i i r h i ! , i i h i r M t i ^ c r k K i n r c L i s K i i i ^ M i i n i l . i . t i n K i i i ( i l i ^ t . d H i M t / t I h i

p i r d u [ ( J p i u ( ( i ' - , , , I I h ^ r n i n ' < i i , s < . r \ c i ! n i , . i [ k c [ | > r [ n . ; ; . , I i i r j i l i ! , i i ! i ' J , I ! I , ! K S I K f s M l i r v t

n i i | H f ! i l i i I - l u i i - M I \ p p i n d i \ i s

X ' . I - . i ' . e l l i ^ ^ ! l : \ ^ I S I h i t i i i i u s s i i i ( i i , i < 1 1 i i { i ; i ,! t U ' - * ' " i ' ' " - ! H ' '-'• 1 1 h ^ n | t | i i ' I i t . < U f , , r l ) i ' H i . i i I H I I i J , l U i n

S - . i h f [ 1 s ; !• p v i d u i l , ! I i ) | \ s i i - > . , i l , i i < M .', h n n . l i , n ' l d i i i L ' " i ' - ' ( u M i | l i t u I K I I ' I I i - i ' m i a [ ) i ! i i , d A ~ - u ! h s r n . p o n

( . i h ' ( n i d n s a U i i \\\ d . i h ' M , .
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wheix' Xi(f ;](, i(,</} " " ' ' • " ' " -^ ' '^ " " ' clisc'uuntrd sinro u l i ihiri-s contract

does nol retjuJrc ; in\ oi i t !a\ ol rnsh aE l ime (il in i t ia t ion.

1 h f viiflv cU'!i\cr\ op l ion, howcxci* creates an a l i f rna lc valuation

bound. Specifically, the I'uuircs price nujst reco^nl/e ihc hity-and-dcHver

arbitrage strategy; hence, the Int i i rcs price miisl he no grealer ihan the

a<ljusted priee ol the theri-enrrent eheapesl-to-deli\ei* hond:

I
m m

( A ! ' . )
il)

I nr lher. die (uinrt's eositraet firice ai t ime tj is also eoTisfraincti

h\ anolhiT arhitratie s lratej i \ . i iameK, a polic\ of hi i \ -nov\, i:lch\cr-at-

inoiuh's-eni i . Ih is yields the lol lowiriu inetjiiaHtv consira in i :

m m

where ri'({_>l Is the l ime /_• slale dependent cleaiuuiali/ed inleresi raie on

a one-nionlh matur i ty Instrnmenl- C omhin ing the i.onsIr.niUs implied in

eqs. ( ! ' i -^1. the lutures price at t ime ( j must salisK

I. mm
. i t . )

m m

S(ep S:
I h e c u r r e n t ! i m e - f ( i v a l u e o l i h e l u t t i r e s c o n t r a c t . / (tt,). is g i v e n h\

t h e u n d i s c o i m t e i l , r i s k - n c u l r a l p r o h a h i l i t v v \ e i g h i c d v a l u e o l t h e f u l u r e s

c o n t r a c t a l t h e e n d o l t h e c u r r e n t m o n t h , l i m e n :

/ " o l

A s v \as l i i e c a s e l o r i h e s S a l e - e o n l i r i g c n i l u i u r e s p r i e e s / ~ ( / j ) . i h e

t i m e /u i u t n r e s p r i e e i n u s i s a i i s K i h e n o - a i h i l r . i g e c o n d i t i o n t h a t i h i s

h e n o g r e a t e r i h a n t h e m i n i m u m v a l u e o l ( I i i ) u v - n ( j \ \ . d e l i \ i . T at

h u \ - i n ) v \ , a n d

I h i i s .

heginning ol ileii\er\ nsonth: and l i
dcliverv monlh invcslment slratciiies.

deliver al end ol

H
n u n

m i n

r \\.

lAi

\il

I
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t' r , „ ( ( ( ( ) <irr l l i c i l t ' a n i u u l i / t ' t ! i n t c r r s l r ; i k 'S i o r n i o n l h DI a i i n .

\ i ) U ' U i . i l w h i l e f c l a l i o n s i I s J I K ! i S ^ AIV d r l x e n l ) \ t i i t - inn<l<*l. t in . '

iK ih i i ( . "^ i 4 ^ a i u l * ' > ' l n l l ( i v \ i r n n i a t h i i t i n i i j i l n o - ; ( r l ) i i r n L ; c c n i K l i t i n n s

j i i r t h e l r , i n u ' \ M i r k o l ihv m o t i c l . \ n c x a i i i i n a l i o i i o i \ \ h c t h r r t h e

!nUi(X"s n i i x i i - i v a i u i " ^ s ; i i i s K i h c s r I w o i i u u | i i a l i t i ( ' s i h i i s h f f o i n c s a i i

a t i d i l i d i i i a l l i i i p i k ' i l i r s ! o i \hv i i i o d c L

Stop 6:
h i \ n r c - ( ' s sa r \ l o r n a k r o n e J n i p o r t a n l i i i n t l i f i c a t i o n I o l l i i '

r o d i r a i t s i i u x i c l \ a h K ' s . 1 r(fn\ i l i e t l i s e n s s i o n i n B l i s s a i u l H o n n

a i u l . V p j U ' i u l i v \ i l l o l l o w s i h a l a ! ! i n U T t ' s t r j l c ( . n n l i n ^ i c i H . t sse is m i i s f

s a l i s K she n o - a r ! > i i r a j ^ c ( o n d i l i i i n

( a i r x a l u c i ' i | u a l s i l s r d c v n r c l c c i v a l i i r ,I n w o r x l s - a t i asv, (

{\\v r i s i s - i U ' E i t r a l [ ) H i h a i > i i i i ! ( ' s .

I h r / ' i t ; } a r c . i d j u s l r t l i o e l M f - ^ l o s a l i s f s t i n * a n a l o u c n i s n n -

i n h i i r a ; ^ t ' t o s ) s i r " a i i U ' w h i i . ! ) a r i . o i i n i s l o r l l i c ( . o s t i r s s i n i i i a t i o n o i i h r

i i i l n r c s c m i l i a i l I ^ , " > I I / O / l / o I. I h i s r o s u l l i s a c r o n i p i i s h c t l I n

s( . i l i s "?)^ e M ' u ' . 1 ^ ^ ^ ' ^ ~ ' L ' ! - I h i " ^ p r o r c t l n r * ' [ s ( I c s J L i i K ' d i o i r s E i h i -

j M o p o s i l i o r i U i a ! t h e o p t i o n p r i e r i s ( . o r r e i - i l x p i i e r d r f i a n \ i , ' l a [ l i e i t i f u r c s

t , ' o n l . i a i . i p r i c i . ' . c w n H t h r h i l i i i ' i ' s i iM_- i l i s i i R o r r c r t l x p r i i ( . ' ( ! .

i i \ a s s i i i n p i i o n , t h e f c a h / c d s l a l r o l n a l n r r j { t i n i r !] i s i h r s a m e

o n e i x N i i i / c i ! a ! l i n u ' / ; . h r n t ' i / , I ' i t i t I ' U > ) f o r . i l l >-. I h c p a \ o i i s

l o d c a l l o p t i o n i d s i a i c s a r c i n a v j O , I ' f / | l } \ \ , a n d i h c x a l n c o i a n

V r n t ' i i c i i n c a l l i i i l i n i o i<, i s ( ' ( [ i i a l t o i h c i n a v i i n i i n t o l / c r o . U i c n i i r i n s i i -

\ a i n c . -.iwd i h c i i i s c o n n t c d c \ p c t i t ' d u i s i i i u t h i ' r i s k - n c i i t i ' L i l p r o h a h i i i t \

t h s i r i h t i h o n ! v a h n ' o l i h c p a x o M s a i t i n i c ^ i

K,
. •„ ,„ , , ! ~~ m.:i\U).

w l i c T T I ii[,) IS i h c i n l u r c s c o n t r a c t ' s n i a r ' L c i p r i c e a n d ri!n\ is i h c

d i . M n t n i j l i / < ' d ihi<.'!.' \M,'i;iv i n l c r i ; s i r a U ' .

A n a i o L ! o n s ( o r n i i i i a s . i^si i iL; [ n a \ { 0 . K I U^i)] a t i d n i a x ^ O , K

I "'il I I f , o i i t a i n i u r i f i c i t u i o n t i o n s .

I MPIRK AL KISLI IS OFIIONS
o^ r-BOM) I L

\ n a i i i r a l p r o i c d i i r c l o r t e s i i t ^ g i h c \ a l i t ! i l \ o i ( h e o p t i o n p i i c i n j , ^ n u K i e l

p f c s e n i e d h e r e i i i is n> c x . n n i i U ' d i e h i ^ t s c d n c s s o i t h e m o d e l \ . d u e a g a i n s t
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i h c ohservcd marke t p r i t e : i h u s , Iu r the ca l l o p t i o n s . i ) i u ' n i i ^ i i t cxa in i i u -

u h e r c ( , ; ( / \ ) is i l u - marke t p r t t c , \ , , ( / \ } t he m o d e l \ i i l u c , i o r a K

exercise pr iee o p t i o n ,it l i n j c (, a n d €., is a n n u l o m p r e i l i c t i o n e r ro r .

\ rej^ression l i - an i cwork e o n l d i h c j i he used t n test i h e n u l l h vpo thcs i s ,

Itu- f* - - f), / i • i . S u c h an ohx ious t<.'sE t u i l o r t n n a t c K l a t ks power , as

the (o i )ser \ , ih le> i n t r i t i s i e \ a h i c nuiNJO, /"(/n) l\\ is c o m m o n io h o t h

( i f lK I and \ ; , (K (, and \^ i I I v i c ld a hiij,h Fr e \ c n i i ' i h c m o d e l had no

a h i h t \ to p r e t l i t i i h e o p t i o n s tniw ndui'.

\ i n o i e r i go rous and cconomJea lK n i c ^ n u n g l n l lest oi the mode l is

Hi \ e r i i \ w h e l h e r i h e m o d e l is ahie io exp la in i h e i i m e \ *d i ie r e m a i n i n g

it i i h e ca l l o p t i o n ; e , , ( K l ( ,,(K 1 nu i \ | ( ) . / , l (,,) • K }. wh<-re /',(((,)

is EIIC c u r r e n t p r ic t ' o l ' i h e i u t u r e s e o n t r a e i . S i m i l a r k , e o t n p n t i i i ^ the

mode l ' s r r i n d i n i n ^ i inu^ \ . i i n e as i , , ( l \ ) \ , j iK ) ina \ { ( ) , / , ( / n l l\).

re<j,iess c,, on r,, (.mt! a c o n s t a n t ' . Xna lo^ous ealc u i a t i o n s , w i t h apj)To-

pr i . i i e m o d i i i t a t ions ol i h o m a x i m i / a l i o n ope ra to r , are per io rmec i In r i h e

put o |n i o i i s .

I he re-^ressioi i -hascd iesls o) i i nh iasedness arc,

I'll " n • i ' i " i . ' * f ^ j i

w h e r e unh iasedness imp l i es uo 0 , u\ - i ,

( . i \ e n i h . i ! i ,, a i u l n „ are nK'asnrt. 'd \Mi ii e r ro r , i h e siaTidard

e r ro r - i I I - \ ar ia hies i !• | \ i p r o h l e m mas cause i h e ( )1 S u\ to he dow r n \ a r d -

h iased. I h e i n s i r u m c n i . d \ a r i a h l e s app roaeh prs 'senied in i o h n s t o n

I i *•' 2) is u.sed io address i h i s (,iV pToh lem. ' ' i h e en ip i r i f . a l resu l ts arc-

s i i m m a i i/(.'ii in I ahle i l In f low.

\ e o m p a r i s o i i ol i h e mean c ^̂  and i ,, \ a i u e s i nd i i a ies tha i t i ie n io i l e l

u i u l e r s l a i es in terest rate volatHilN reiati\<.' to nu i rke t pr iees. r e s i i h i i i u in a

dow nwar t i hias o i i h e mod<'i s t a l l o p i i o n \ a l l ies r e i a i i \ e io marke t pr iees.

\ / / \ / • 1 1 1 . l l \ C s l i t t L i I . J t I ) s> i l u u , ! n I S ' l h s . l s r J J { i i ' u a i M t n f h . l l l . l ^ ^ •

l ! f n l t s n r n . i i i '
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TABLE 11

( fillip.snsnn oi M.okt'l I'rUt's aiui Motiel \ a

d^~

a

Mean r,
Mean I',; {(;,. 1

Sid c-
S i d V: .U,\

\

Ol s

0

0
{4

{)

1 0

5(1'
0947

87 i

9b3b
6 7 !

0
0

0

!)

23b
147

3?2
23f>

i ( ,

0

n

0 50 1
0 0896

*< 2Bi
0 9878
1 61!

Of S

0 3 4 .

f), \

0 1566

:? 321
0 837

• 1 301

•

'7
j

:; 426
J 321

:) 37b
-.) 263

1

0
0

3
0
1

. 1

\

343
1377

41 !

8963
04)

\

O / S

0 502
0 1003

(5,09)
0 9426

I 0 83)
()

0
0
(}

11
I '••

\

24
15
32
24

2
0
2
2

^^

/ \

0
0

(4

0
0

501
0930

39!

9914
10)

u.. • 0 . N

Ol S

0
0

13
0

1 1

320
182/

411
7898
65) i

0 443
0 330
0 36B
0 264

S4

/ \

0 319

0 1679
:4 04)
0 8346
1 64)

r i i is (s in par! nil rJhtilahle lo the rrsuhs oi l l ic l i i iu'-scrics empirical

u-sls i)t tlu^ pcrUirbittioT) hnu i i o i i s /i^(n/) in liu^ ApjK'iuiix t Prcl i i i i inar\

R('<4r('ssjii[t Hesii l lsi , vviifTf f \ i t l cnc f showct! that ihc irUcrust rate

v.ifiahk'N (ill no! rxpiain 100^' of i lu- siihscqiicnt shil ls in l i i t ' t r rn i

s t ruc iur f oi' interest rates. As is v\eli known, lUliiis^ the li .ind TT f u n d ions

is a snioolhi i ig prneess w h i i h nt'cessarlK resnlis in the Iciss oi some

inior inat ion.

•Mlhniiuh the inlt-rcepl lenns iu) in the rej^ressions are siunii ieantK

posi l i \e. ihc slope f. oell it k'nts ii] do noE ciHier s i^ni l icanlK i rom unity.

\ ioreo\i . ' r . the insirunu-nlal-xariables niethotlolo^\' dot's cause the point

esSintatos oi t!ie slojic cnd i i i . ients to increase lovvartis un i t \ . as would

he fxpeclct! if ,in (^iTor-in-\ariiilik's j irohlem existed. I inalK, the results

demonstrale ihal the model cxpiains hclween ^(Vi ami ^0'-^ ol the

\ari.iEion in the (thser\cd t ime \ai i ies of the opi iun premiums. ! luis.

ihe aho\e results are hroaclK snpportiM' ol the mociel.

DJ RlVVnOX Ol AIIBIIHAGI PROH IS
I ROM '\IISPRK I I)" OPIIONS ON
lUtASLHY BONO I t ILJRI S ( ()M H \( IS

L l t i m a l e K . an \ ' s lcv ia l ion he twc t ' i i i h c marke t pr iees a n d mot le l va l -

ues for t he i n t u i e s eon t rac i s as wi'M as i f ie o p t i o n s n ins l he s u h j c d e d

l o au c x a n i i n a t i o i i o l w l u ' t h e r s u c h disc r cpan t ies ^jjw r ise to t r a d i n g

o p p o r t u n i t i e s .
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I h e e m p i r i c a l r e s u l t s r e p o r t e d h e r e i f i van lie i i i t e r p r e U ' d in t w o

\ \< i \ s . II t h e r e e \ i s l e e o n o n i i e . i oe i i t s w h o e a n t r a d e a l 1 a n i a Mliss p r i e e s .

( l i e n t h i s a n a K s i s will i n t lk ' .Ue i h c e \ i s l e r K i ' ' a h s e n e < . ' o! a r h i t r a t i e o p p o r -

t u n i t i e s , A l t e r n i i l i w K . if ( h e r e s u l t s i n d i c a t e " a r b i t r a g e " o p p o r t u n i l i e s .

t h e s e e a n h e i n l e r p r c l e d a s i n d i e a t i n ^ t h a i t h e m o d e l ' s \ a l u e s h e t t e r

a p p r o x i i i i a t e " l a i r v a l u e s " t h a n d o t lu- i r m a r k e t p r i c e s , p e r h . i p s r e f l e c t i n g

i m p c r l e c t i o n s in t h e n i i i rke l o r t r i e l i o n s n o i a e t o u i U e d i o r in t h e s e t e s t s .

Calculation of Opiion Heplicalinj; Portfolios

I n r t h e p u r [ ) o s e s ol e x a m i n i n g arh i t ra^ i i - o p p o r t u n i t i e s in ca l l a i u l p n t

o p t i o n j i r i c e s . a p o r t l o l i o o f t h r e e l i i i e a r l \ i n d e p e i u l e n t i n t e r e s t r a t e -

e o i i l i n ^ e n i a s s e t s is r e i j u l r e t l . I h e f u t u r e s e o u t r a t t is a n a i u r a l ( h o i e e

In r o n e s n c h a s s e ! . In h o l d m n s t a i i l w h a l e \ e r "n i i spr ie i i i j i , " m a \ ex i s i in

t h a i e o n l r a e t . ' ' In . i d d i l i o n . t h e t h r e e - w e e k hill h a s a k n o w n pavo lT .inti is

a l s o n i c l u d e d , I i n a l K . t h e l i \ e - u M r a n n i i i t \ / \ | *> I re t c i v e d t o r \ e a r s I

t h i o i i s ; h -̂  2-, , , ! F{}n}. is i n c h i d e d a s jin ass t ' t w i t h .i low t o r r e l a t i o n

\ \ i t h t h e loTioiT-niatur i tN i n t u r e s nTui. h \ d e r i n i t i o n , z e r o e o r r e l a t i o n

w i t h t h e p a \ o ! l s In \hv i h r t - e - w e e k r i s k i e s s a s s e t . I h n s . i h c r e p l i e a t i o n

p o r t l i i l l o Is c o m p o s e d oi ' K l u t u r e s e o n l r a c t s , fi u n i t s of i h e \-;',, | \s

a n n t ! i t \ a n d y u n i t s of t h e t h r e c - u t - e k Bi l l . At t h e o p t i o n ' s e x p i r a t i o n

c ia le . in w e e k T. l i t e r e p l i c a t i n g p o r i l o l i o shou l c i m i m i c t h e i ) a \ ( )n lo t in-

o p t i o n , I h e . t n a U s i s n o w p r o i c e i i s t o e x a n j i n e t h e arhilrajj^e o p p o r t u n i l i e s

ill ea l i o p i i o i i s ; n a l n r a l i \ , a n a l o g o u s r e s u l t s o i i t a J n l o r l i i e p u t s . I l i n s .

i o r a e.ili o p t i o n . C ' ' ( / | I m a \ | O . el''U[} - K } , 1 iiis n p ! i o n ' s r c p i i e a t i n g

p ( H t h ) l i o is t h t i s c o n s t r u e tei.1 a s t h e s o h i t i o n t o

( • " l / i I - m a \ { ( ) , 6 / " ( f | 1 K ]

C • ' • • ( ! I ) - m a \ { ( ) . e / • " ( / , ! K }

( • = ' ( / , I - m a x { ( ) , f--/ " ( / ^ l k }

'it /"

ii.j \\\

i n < ! r p r n i t i ' i u in. >u, and in

" i K < IS I h i - n m d c l -

( i i ( l o h r ) , i i i u ' iiiA\ n i

\ , , ] i \ v } n i [ h r ( a l l o [ > t j o n . f > | . . " '

i f i o n l k l i - n l k , l l l ^ i I . H ! I n u n i h c

ll . i i
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( ''iii'i is S I K ' s i a t e a f e j > e i K i e n t \ a i u f o l t h e t a l l o p t i o n a l / i :

/ ilii) is t h e r u n - e n l /(;. \ . i i u f o i t i n - t u t u j - e s c o n t r a c t :

f T ' i / i t IS i h e s t a U ' - d e p e n d i - n t \ a h i e o l i h e l u t u r e s c o n t r a c t a t

o p t i o n ' s [ n a i n r i t s <\.iU' i \.''' a i u !

\^;^ , ^̂  s is I i i i ' p r ' o j e t i e c l \ a i u ( . ' o j ! J ie s t j t r ( n i U i n i i i e n l i ! \ e - \ e a r ,

n i i M i i h a n n u i t \ I i i r e e \M . -eLs l a t e r , ' ^

I h e SI s lu t i o n i o i S • is < i i ' n u U ' i l i>\ i n , / i . }-'

\ s ( i i c i u t u r e s e u n i r ' a e i i n \ o l \ c s n o i n i i i a l c i s i i i r n i ^ s i m e n t . t i n - t i n u '

In \ a i u c o l ' l ! i e r e p h c a i m ^ i p o r t i n i i o ( " i K I, t i l e t ' a i l o p t i o n s I i U c d \ a h i r

ai t ime In is ii'wvn. \)\

I h e i i e x i s t e p is t o t a i i i i i a t e i h e r c a i i x e d | ) r o l i { s h o m a i r a d i n ^ i

s ! i , i t ( ' ^ \ i > a s e ( i o n t h e f - a l l o p t i o n s c u r r e n t n i a r i \ e t p r i s e . r i / . > ! . a i u ! l i i e

m a r k e t \n\vv o l t i i c i i e < i i ; e p o r t h ' i i o . I t e l / ! ; , ) • i " i K ). s l i o i i t i i e e a l i a n d

h i i \ l i i e r i ' p i i r a E i n ^ j ) o r t l o l i o ; t h e r e a h / e d p r o i i t s ,H l i i e t h r e e \ \ e c l ^ - i i l - ' n l , ' e

( ! j ) l i o n n i a l n r i u d a t e 11 A W :

nKiXiu, It: \ l\ .

• { n " I J i ! } H i n H - 0"" U v n \ k • y ' " ' : '**'

w i i c r e I ' - h ' a n d \ - , ^ j . \ \ | , i l c n n t c t h e r ' c a h / e i l x a l i i e s i i i u x ' s i * . i s s i ' t s a t

\sei.-i"- ^.

( o n \ e r s e i \ , iJ r i / [ ; ) • ( ' ' i / \ K h u \ t h e c a ! i a n d s h o r t t l i c i i c d ^ ^ e

p i s r t l o i i i K t i u ' r e a l i z e d p m i i i s a i t i i e c a l l o [ > n o n s n i a t n r i t v i\.]iv < i re t h e

n e i ; a t i \ r o [ c q , '•''•h. O n c e a ^ a u i , a n a l o ^ o n s <. a l e n i a ! i o t i s a r e u s e u m

r \ a i n a t i n j ^ a r h i t r a ^ ^ e s t r a t r m c s [ o r p u t o p t i o n s .

I i i i s p r o * I ' ss is r x ' p < \ H t ' d a t ( h e t a u l o l J a n u a r y , \ [ M i i , J u i s . a n d

t ) e t o l > e r w h e n l l i e s h o i l t s i I H o n e ! I u ( u r - e s o p t i o n i i a s H i r r e w e c l v s t o

e x p i r a i i o n - I ' o r t h i l i o s . u ' r h i r n u - d h i r t n i e i i , ! \ < u l a h l e st i - i i - . ln_u f i i i e e i o r

w h i t ~ h t h t ' i c is p o s i t i \ r o p e n i n l c j ' c s l a i u i t r M t l i r i " \ o ! i u n e .

.,< , i i i i n ! l o r n l i r r , ' .v i i ' i > . ^ ^11 M r [ i i u l -i i J. k ' n u ' n ; h . p f < >|* ' i '• i i - i i s . ' . n i , ( L i h d t H i - ' i b l ' , ; n i i 3 r , i i , - i h c i

. n i i l c r H K i i - k n t - i t n . s ' | ! i i i h , i i j i h E \ s - u . I M I I C - H u s h n ^ v f i m ' ~ , ^ i . ' . « < i K u p h s ' s i i ! i n ^ M > i u , i , i i n - , . ,

( ' I I I - i h r n i ) i ' n ^ It l i r , h i l l p n , . . ^ n - l . / i-- l l n - l i i r i - r '.M '-k p u • * n i >. . h i ' o p c M l a i
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rmpiric:il Results

\hv c\i)\i'\r\c.i\ r o s i i h s til i h r s c . i r U j i r a m ' - h n s e d U - s l s ^M*C r c p D r i c d i n

I . i b l o I I I - ! h i ' s c f . t l c n i u t i n n s u i \ c t h e n \ i T < i g c p r n l i t ! n r ( h e " . A N ( . i l l s "

. i i u i " M ! I ' l i l s " c a U - L i o i i c s . i s w e l l AS s i i b - r a l f ^ o r i c s t h r r r o f . l l i c c h o i t ' c o ! '

i h c s r s i i l > - ( a t < _ ' , U ( ) r i c s i s d i r t a t t H l i i \ i h c t i c s i r c l o d t ' i i i o i i s i n i l o ! h e n K K k ' T s

p c r l o r n i a i u ' c ( o r o p t i o n s w i t h p o s i t i v e t n i i e v i d u e ( t , , • {) a n d p , ; =•

0 1 , / e n t m o d e l \ ; d u e i \ „ - i „ <H , i n d i i i a r k e t p r i c e c x c c e t i i i i ^ J i i

a r h i t r a r \ l o w e r h o u n d ( ( ;, - t ; l f > . / ' ; , ._' l / [ ( i ) . I h e e m p i r i c . d r c M i l t s

d e i i i o i i s i r . t l e c ( M n i i u l n ^ K l l i a t t h e m o d e ! \ i d i i e s e a n . a l I c a s l ! o m a r k e t

i i h i k c r s t r a d i n < i w i l h c l o s e t o /vvii t r a n s a e t i o n c o s t s , ^ c n c r a k ' a r h i t r a g e

p r o i i t s a n d I h e r e I o r e r e p r e s c i i l m o r e a c c n r a t c K t l i e " l a i r v a l u e " o l

t h e s e o p t i o n s .

SLMMAin

I h i s a r l i c i e i l l n s i r a t c s i h e a p p l i c a t i o n o l d i s c r e t e t i m e t e r m s t r i i c t n r e

m o d e l s t o t h e p r o h i e m o i \ a l i n n u l r e a s i t r \ h o n d i u t n r e s o p t i o n s , 1 h e

v a r i o u s c x p l i e i t a n d i m p l i c i t o p t i o n s a n d c o n t r a c ! d e h i i l s ( h a l n e e d t o b e

a c e o u n t i ' d i o r a r e t a r e l u l K l a i d o u t , I h e [ e s l p r o c e ( l u r < - is i m p l c T n e n t c d

i i s i n u i h e B l i s s i l o T i n t r i n o m i a l , t i m e \ a i - \ i n i i p a r a m e t e r m o d e l .

I l i e e m p i r i c a l r e s u l t s r c p r e s ( . ' n l e d h c r c i t i d i s n t a s s t . i t i s t i c a l K s i o -

n i i i e a n i p o w e r iri i : \ p i a i n i t i i ; l i u - t i m e s e i a e s c r o s s - s e L i i o n p r i c e s o i

I r e i i s i i r \ B o n d i n t u r e s e o n t i ' a c t s a n d o p t i o n s n n t h e s e i u t u r e s i o n t r a c t s .

I u r t h e r . t h e n H n l c i a p p e a r s t o l i a \ c soriK^ p o w e i - l o d e t e c t ' a r l .> i i ra^4e"

i i p p o r t u n i t i e s , h u t o n l v i o r l o w U a n s a c t i o n - i o s t a i i e n i s A\)\V i o t r a d e a t

TABLE III

• X n . t K s i s o l \ r l n t r a m P r n l i t s i n O i M i i i i i ( n m r . u l s

!', nriil

P-

'•ioic

c.

0

0.

S ',1

r.

Al

0.

V-
Al

- u.
u.

-̂ '

^ C.iilb

r 0
C. ^ 1
0 V',.

0, 6,.
I Puts

: 0
r, • 1

0, p..

- , j i nL !< - . i

16
0

• 1 .

U>

- 1

16

16

•isyrvai..

.'-. • IS ;

18b
163
11b

bb

179
1 73
112

2?

.,< , ? , ( : , . . / ' , , s

f'p \ 111!- ,a^K= 1- :

78 4 - .

7n 9''"
6a 7'- •
96 4='..
86 7<v

79 4^
79 r•^

69 b •..

;Pe,,,,M ,; . . : i ,:;:!,;..,'

f ' i ; n J <\-..:V, o i i t i - ^

0
0
0
0
0
0

(1

SI

(1

•180

bob
/70
144

471

'>!!>
b63
a6b
l b

s . ; ! 1 • .

'4 • I
C . i K i

1 ' ? , ) V

1 )̂a
y (}•:

1 99
0 87

0 77

2 18
? 18

? 18
6 'M)



610 Ronn and Bliss

n i a r k e i [ t r i c e s a n d h o r i o w Meni.! [ i s k l e s s K ; a i l c r n a t l v c K , o n e t i m i n t e r p r e l

t h e s e r e s f d t s a s \ i c l d i n g . i s s e l \ a i u e s e ios< . ' r l o t h e a r h i t r a g i ' - i r c e \ a l i i e s

oi" t h e s e i n s i r u m e n i s .

I i i e i i i o d e l s s i u c e s s l u ! a l > i i i ( \ t o pr ic* . ' 1 r e a s u r \ i > o n d I n t u r e s

c o n t i a e t s a n d t h e i r o p t i o n s i s i n d i c a t i x e o i i t s m o i x - g e n e r a l j ) r o [ > e r t y

a s a n i e t h a n i s n i i o r m - i u ' r a l i n t ; h e i l g e r . i i i o s l o r a r h i t r a r \ i n t e r e s t r a l e -

c u n t i n ^ e n t < . l a i m s . I h i s i K i n s f a i i o n a r x t r i n o m i a l m o d e l t h u s ( . o i i s l i t u k ' s

i m p o r t a n t ( • \ i i i e n i . c o n i n t e r t e m p o r a l c h a n t i e s i n t l i e l i s k l e s s t e r i i i s t r u c -

t u r e s i>{ i n i e r e s l r " a l e s .

i h e [ n i ; t i i o d o l o ; ; , ^ i c s d e x e i o p e d i n t h i s a r t i c l e e a n h e i t p p h e d n s i n * ;

a l E e r n a t i \ e t e r s n s i r u e t n r t ' f i i o d e l s , i h u s t . ( i n s t i ! u t i n ^ a t e s t o ! t h e u s e -

f u l n e s s o l ( i i o s e m o d e l s . I h e m e t h o d o l o ^ s i s , d s o t i e n e r a l ! \ a [ ) | ) l i ( ~ i i h l e .

w i t h a p p r o p r i a t e i i i o d j i i c a l i o n s . t o o t h e r c o m p l e x i n i e r e s l r a t e d e r i \ a u \ e

s ( H - u r i t i e s s t a l l <is h e a s t i r s \ o ! c l u l u r e s o p t i o n s .

APPl\OI\ A: u n BUSS
IMIHLSI RVII MODI!

I h e i n l e r e s t r a i c n u u l e l u s e d i n t h i s a r t i * . i e i s a v a r i a t i o n o i t ! i e B h s s a m i

B o n n i h ) S * * i m o d e l . I h i s a p p e n d i \ s i i m i n a r i / t , ' s \ h v m o d e l a i i d n o ! c s t h e

m o d i i i e a l i o n s m a d e ? o i h e o t i ^ i n a i m e t ! I O I 1 O I O « J \ l o r t l i c p u r p o s e s o t i h i s

a j > [ ) l i c a i i o n

I he I rifiitniial I attire

L e i P , , , j s t e n o t e t i t c p r i c e o t a n H i a n j t u r i i \ p u r e d i s c o u n t i ) o r i d . i t i i r n e

J, \ t t i m e I L c o n s i d e r a n < ' ! . o n o n i \ i n w i i i ^ i i U u ~ i e r n i s t r m ^ ' l u r e o l

i n i e i x ' s t r a t e s c a n a d o p t o n e o i t h r e e . d t c r n a t i \ e l o r n i s n i i h e n e \ t j i e r i o t i

: p c r i ( i d t'.. i h e s c j ) o s s i h i e i e r i n s t r i K i u r e s a r e d e t e r m i n e d h \ t h e c u r r e n i

{! M t e r n ! s t r u c t u r e a r i d t h e U i r e e p f i s s i l i l e p c r t u r b a l i i H i s lil\^^. h'^\^j.

a i u l ///,^^: t f s e t h r e e s t a t e s a r e d e i i n e d a s t h i ' " u p . " " c f o w n , . m d " n o

e h a n u i ' ' s i j i t ' s . t h i ' i u u i r e [)UT'e d i s t o u n l h f j i u i p r i e e s . u \ - i l e t e r m i n e i l

as

p., i

w h e s x ' " s " d c n o U " - l l i c s i j i c r e a l i z e d u f , n . o r t h . I U t l u ' t i e t i i u l i o u o i

' s t a l e o l ' n a t u r e , " U i c ' > i a U ' r c a l i / . U i o n s a r e ! l i e s a m e a i r o s s a l l m a t u r i f i i

» i . i o r a l U ' ^ i v e i i [ > e r M K i I ,
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l i r iskless arh i l ra j^e o p p o r l t u i l l i e s are to he p r e e l n d e d . i h e p e r t u r -

b a l i o n i ' unc l ions / / ; ; „ , h'/,,,. ; i nd !i\\^^ must satislx the conci i t ions: ' "^

D e r i v a t i o n oi e(|s. ( I M ( M ) cons is ts (i i ' c o n s i r u e t i n ^ i a po i - t io l io

o i l i i r e c ( i i s l i n c i m a t u r i l i e s w h i c h has the same p; i \o iT in each o i ' i h e

th ree states ami is t i i c r e l o r e r iskiess- The s o l t i t i o n to th is p r o h l e m is

e ( | u l \ ; d c n t to soi\iri<4 a system ol ei , | i ! ; i t ions in the ~ ' s . I n i u i l i v e K , no te

th i l l t i nde r no - . i r b i t n i oe \ a l t i a t i o n w i l i i s p n i u i i t i u , i h e pr iee < i i ' .m\ in terest

ra te -sens i t i \ e asset is e i |ua i to the d i s e o u n l e d expec ted presetU \ a h i e o f

i h e pavo i i s , ns ino t he r i sk -ne i i t r . i l p t -o i iah i i i t \ d i s t r i i n r ! iot i i o genera te

expee i .U ions . I l i us , l o r a i h i i c -O p u r e d i ' ^eoun i h i l l o f ma t t i r i t v tii • i .

tn

w h i e h , u j i o n s i m p l i i i e a ! i o n , imp l i es that the re exists .i m a t i i r i t ) -

in ( iepe i i ( len t p a n u i K i c r s , TT, suc i i that l i i e e ross-seet iona l eonst r -a in l .

e(|, ( I I ; , o h i a i n s lo r al l m a t u r i t i e s in. i n u o n i s , t u ide r the r i s k - i i e i i l n d

p r o h a h i l i t i c s . t he expec l cd \ a i u e oi the p e r t u r i ) a t i o n is u n i t \ ,

SiaK^ ( lependencx is i n t r o t i u e e d i n ! o t l ie t r i n o m i a i inocici h\ m a k m u

i h e p e r t u r l ) a n o i i I n n e t i o n s d e p e n d e n t on ,t K A i \ c t i o r o i ' state \ a r i -

ai) ies. \,. I his p e r m i t s ! i m e - \ a r i ; i i i o n o l ' the p e r t u r h a t i o u s w i t h i h c l e \e i

oi l i i t e res l rates l a m o n ^ s ! o i i i e r \ar ia l ) les>. i i u i s p o t e n i i a l K cd le \ ia l in j ^ a

s i i u a l i o n in u h i t i i these p e r U i r h a t i o n s o,i\e rise to An t i n r casonahK i ou

or i i i^ ih i e \ c i o i ' in terest rates,

Mie 77,~' are i n d i r e t t i u n c t i o i i s o i ' \ , ^ i i i n»ng i i the //,''(-l i u n c t i o u s :

and
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Data

I iiis article iniplemiiUs ,m extension oi the procedure used in iam. i

and Pi(iss M 9tS"" t to < 's lmiale t e r m s t ruc tu res ol in terest rates, Mie

resuitin«;i t e r m s t r u c t u r e s are n^vd to eons l r t i c t a t n o i u l i K scr ies oi

p s e u d o - d i s e o u n i hond pr ices io r ma t t i i i i ie'^ e \ t cn t l i n< i to ^0 \ e a r s , i o r t i i c

pc r i i i d i *-'"*•': i 0 i ' )SS; \ 2. I hese pseudo J)on J [>rices in tui-n are useti to

ca l i i i r a te Hie i e r m s l r i u t n r c mo t i e ! lo r the tesls in th i s a r t i e ie .

i l ie c u r r e n t a p p l i c a t i o n s o f t l ie Bii>s H o n n u i terest rate i u o d e l .

desi 'Micd io n ro \ ide the \ a iue oi tracieti o p i i o n s , requu-es i i i e speei l ica t i o n

ol ' the sta ic \a r ia l ) l es ' values in e. ich oi ' t he poss ib le d i i i c r e n i stales o!

n a i u r e in i i i t u r c per iods . I [>e stale xar iah les arc, t h c r e l o r t ' . de l i he ra teU

i h i i s e n !o he e n d o o c n o n s to the m o d e l , so (ha l t l i e i r i n t u r e \ a h i e s .

( o n i i i n o n a l on i h e stati.'s ol t he w o r l d iv) suhse i |uen t pe r iods , can i">e

p i o j e e t e d . i h i s p e r m i t s one io pro|-5a^ate l o r w a r d the i r i n o m i a ! t ree l o r

mul t i |> !c pt r iods as r ieeded. I he var iab les ( hoseu i n c l u d e the i o l l o w i n i ; :

1, I lie t i i ree nu>nih I l>ill ra te :

2. \\u t t r n i p r e m i u m u i e i i n e d as the -^tl-vcar u u M T f t m e n i ho i i t ! \ i c k l

less t i le i h i e e m o n l h i - H i l i \ i e ! d ' i ;

•̂ , \ n teasure oi i h c " b u m p " Hi a n \ i iu tbe t e r m s t r u c t u r e ;

4- I h e o n e t i i o n i i ) (iian^j,e m the t h r e e - m o n i i i I - i l i l i ra te.

I h e t h r e c - m o n t i i I i i i l i ra le i ,ap!nres the n e a r - l e r n i i t t l i i t l i o n expceta

t ions ant l t i ie u e a r - ! e r m ) c \ c l ol the real in terest ra i cs , w i i i i c the spread

ol i h e l on i i - t e r i n ra ie oxer the s h o r t - t e r m and t l ie " h i i m p " in ( l ie t e r m

s n i K i u r e ( aj>iures (he i n l o r m a i i o n in here n! in 1 he s lope iwnl c u r v a t u r e oi

the t e r m s t r n e l m e ol interest fates. 1 i n . d k , the c i i a t igc in t i ie s i i o r t - t e r i n

in terest rate i iUMsurcs ihe \ o l , i t i l i i \ in sbor t - tL ' rm la ies ol in te res t .

I be use o! t hesc \ar ia i? lcs i i i i ds s igu i i It ant suppo r t iu the l i t e r a t u r e .

I a ma a u d I re iu h . I MS" ^ no i i - that i i i e " t e r m spi f a d is , . . e !osc i \ re ia ted

to the s i i n r l - t e r m husmess e\e!e . . , ." I i iesc i n t c i c s l rate \ a r tah les have

also heei i e m p n i t alK I on (id tu exp la in a s i ^n i i leant port ion oi i i i e

\o l , i t i l i t s in in terest ra les. 1 or i ns l anee , I i t t e r m a n . S e l i e i t i k n i a n . ,u id

\ \ t'iss I I '•i'-i 1 1 cst im . i te i l

a i!ioi.li.'l in W I I K I I fu(ur"e short rates i.lepe'i"ideil ott i I ' t o i i a \ s s i io r t

ia ie - i i ) i h e lexi ' l t owa r i l w h i c l i t i ie s i ior t ra le was e x p e i t e t k as oi

l odav . to to r i xe r t i e w h i e i i \ve eal i i lK ' " l o n o " rate ,\\-\d {^) the

l i i i l ! i l l , H u i 1 ! K - ^ i M r , I T ^ j l i i l ! J t ! r l i ^ l N ' O , n i i l V f , '" , I ", . U\.l\' I . \l, ! . , , - !
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\ i ) l a u l i t \ o i t h i s " l o t u j , " r a t e - . . . | ' I h c \ | e o n l i r m e d t h a t . t i i s t o r i e a l K .

v a r i . i t i o n s i n t h e s e t h r e e v a r i a h l e s s a t j s i a i t o r i K e x p l a i n t l u ' p . i s t

m u \ e n i e ] i t s D I t h e \ i e l d e n r \ e .

I n a i n r l l i e r s t i K i \ I i t t e r n i a T i a n t i S e h e i n k n i a n i l ' - i ' M i e o n s i t J i T l i i r e c

l a c l ( j r s . "Icu'l. steepness a n t l cnniiiiiif . c m p h a s t s i n o r i g i n a l ] . " A\H\ n o l e

t i i a t t h e s e " e x p i a i n - a t a m i n i m i m i ' '(>'-• o f t h e v a r i a h i l i l s o l e x i e s s

r e t u r n s o l , n i \ z e r o " t o i i p o n h o n d ,

[jnpirical Tests

l ij I inw Pi'tiods

l o t e s t t h e m o d e l ii is i i e e c s s a r \ t o e l a s s i r \ c a c i i t n n c - p c r i o d ' s t e r m

s t r i i c t u r t ^ i x - a l i / a t i o n , i s t . ' i i h e r a n ••ci|-!." .i " d o w n , " o r u n o t h a n u e " s t a l e .

I h e l u p o t h e s i / e d ' a n d i . ' s t i m a t e d ! p c r t i n h a ! i o n s a r e i h a n u i n u

t h r o i i j i h t m i c , p r e e i n d i n ^ a l i x e t l ( l a s s i l i c a t i o n s c h e m e , X m a x i m u m

i i k e l i h o o t i a p p r o a c h , h a s e d o n t h e j i r e t l i e t e d m i t t o i i i e s , i s u s e d t o a s s i u i i

e a t h o h s e r \ a t ! o n l o o n e o l t h e i h r e e o n t e o m e s . i h e r c a t l e r i s i c i e r r c t i

t o H i i s s a n d M o n n i i 9 S ' > i ic i r d e t a i i s o f i h e p r o e e t i n r e u s e t i , ' " *

\ p | 7 l i t a ( i o n o f t i n s m e t l i o ( i o i o i , ^ \ t o t l i c i i O - m i i n t h p e r i o d

i ' ' 0 : 1 0 i O S S : l 2 r e s u l t s i n 2 1 " n p " m o n t h s . S " " n o ( i l ; ! l l ^ e " m o T i t h s ,

a n t i ^2 " t l o w n m o n t h s , ' ' '

C o n s i t i e r t h e l o i l o w i n u r e g r e s s i o n s o i t h e i - e . i l i / e d p e r t u r h a l i o n . ) ' , a l

U m c I i o r m a t u r i t N m a s s i o r u ' d i ) \ t h e c l a s s i i i i a t i o n j > r - o ( . e d i n ' c t o a ^ i \ e n

s l a t e '••I

N o t e l i i a t t i l e r e g r e s s i o n c t | n a l i o n *,",, l l \ \ „ - ^ , ' , a ( , ' , , , \ / , , i • e',\,,

a i l o u s t i s e " n o i i i ; i n j , i e ' " s l a t e t o i i a \ e [ H ' r t u r i > a t i o n I n n e t i o i i s h'\^^ -- I ,

I o r m a t n r i t i e s o ! o n e l o 2 ' ) \ c a r s , O l S r e g r e s s i o n s a r c p e r l o r m e d

i o r e a i ii s t a t e o \ e r f h e p e r i o < ! \ *-)'*-) : \ { } i * ' H S : I 2 . A t ' r f i s s l i i e i n t l i \ i t i u a l

' ' ( l i s s i l i i , i n i ) r . i > l > l , i ! r > i ' J \ . \ n ~ . U o [ ] i \ \ i l r | " ' ! i d i [ i - n i i l i i r ( ! i , i i : i [ i t \ , < u . s i * . c d i l l [ h i - , ! l - , : n t i l l u u B j w s

. m t l l i o t u ) ! ) , ! • , ( • ( ! i h r i i i ! . i s - i i u . i U n i i I H M H I K [IM. j i \ ( ' \ < , M i i ] , a i ( n U , I o n t n i i i t n . . ' ^ p u t t n l i . i i l i j u l ) ! ) n i - ,

i \ \ ' - I K I S ^ I I H . U M i l l s u s e d i l l i l i i v S ! I K I I , i r i - i i l n . i i n r t l i i s i i u ' , i t h i i u i i h e s r j n i ; i i ) i ; I h r n s I ' i O i n u m l i I i K -

i i i M l I [ . t - s i i k J l i u n I - , b . l ^ ( l i I i n I l u - i n m l . i i i I j - ^ s i h i s i i u i n i t r ' j - . ' . i n , i ! i n M ! < • • .

' h i v o n l i l 1 I . M c h i n - i l c ' - j i d h l f l o l A . i n i ' m l \ : r j n - i U i i I M I N > M ' - I U I ' , I | l i . l i ^ s i i r l l u n - n i s i > \ , i ! l r n i . i ! i

- . 1 1 1 ! | i r i i o i K , , I I K ] H E I D U M ' . i l l " ' A l > , i n d > n i : u i n i l n u ' U ' < i ( i - s j , , i i , , ] i , i K . , [ s t < , | n r ( i k ) i i c \ ! I K i l . J t i - ,

p r t l u r l . , i [ h > n y b . i M i l ( i n l ; i > r t j i . i v l i L i l . i I l i f ^ M h i n . i U ' k i h j ^ ( > . j v > i i ! ! h s \ i s p n x l i K ^ r d I n \\-- M L i i i ' . c i v

v r n , ! ! ! n u i n h t T n ! m . M i l h s . i \ , i i l i b l i I m [ \ H " u p ' , i r i ( l i ' i > \ \ ] - " s l , i - . - . i l k , i ! i n n - i h i h c - . . m i i . l i ' p r i m j
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m a t u r i t i e s , l i u ' / ^*^s l a n o e i r o m i 2 ' ' (^^'^ i o r l i i e " t i p " s l a t e . I r o i n

2 V / ' ^ S ' ' ; i o r t h e " d o w n " s t a l e , . u u i i ' r o i n S " ' , 8 4 ' ^ i o r t h e " n o c h a n g e "

s t a t e , h t t o t a h t h e s t a t e x a r s a h l e s e x | ) l i i i i i 6 h , ^ ^ u ! t h e v a r i a t i o n i n t h e

r e a l i / e t l p c r l u r h i U i i H i s . i , \ , , . a e r o s s a l l s t a t e s a n d m a t u r i l i e s . ' ' '

of the
I r'nwniUd Pri)hal>'tiiiie\

"i l i e B l i s s ! » o n n • : i 9 S ' - ) s d e r i x a t i o n o i ' i h e t r i i i o n i i a i m o d e l l o r s l u l i s i n

t i l e i c n i i s t r n c l n r e o l i n t e r e s t r a t e s d e m o n s t r a t e d t h a i t i i e TT S a r e d e l i n e d

i n t e r m s i.\\' { U ' \ U ' \ h " \ - I n p r a c l i e e , ( h e n o n l i n e a r i t y o l {\\v t i e l i m l i o i i s

o l ' i h e " ' s a s ; ^ i \ e i i m e q . ( 2 0 ' ^ o i t h a i a r t i c l e i s e x l r e m e K c u m i ) c r s o m e

t o i m p i e m e i i t . I u r t u n a l c K . a n o t h e r j ) r o l ) l e n j \ i c l d s t h e s a m e s o l u t i o n l o r

t h e , T \ a n d s i m u l t a n e o i i s K I t ^ n d s i t s e l i t o a m o r e i r a e t a i > l c i m p o s i t i o n

o f t h e c o n s i n i i i U s . L s i n ^ t w o h e n c h m a r k n i a t t i r i t i e s . n i i a n d n ; ^ , t l e i i n e

•;;. K

i i

i h e s o l u t i o n t o \ :r (^ i s i t l e n t i c a l l o c t ] . ^2O 's m B l i s s c u u l

H o n n '•• i ' - J S ' i l .

I n ] > r a t t i < . t ' . t h e p a i ' a m e t e r s o i t i i e [ ) e r t n r h a t i o i i h i n c t i f s n s , h],^, a r e

u n o h s e r \ a i ) i e a r u i m n s t i>e e s t i m a l c d . L s i n g i h e r e j ^ r c s s i o n s e i ] . { \ 4 K

s e t t h e p i - e l i i i i i n a r \ e s t i m a t e s u l t h e p e r l i i r h a t i o i ! i u n e t i o n s . tJi',^,^. e < ] i i a l

t o t h e r c i j r c s s i o n s ' r t l t e c i \ a i i i c s i^,^^. \\ e a c i i ] K ) i n l i n t i m e ( . o h l a i n

p r c i i m i n a r x e s l i m a t e s n | ' t h e TT'S, U " / - <i'> s i i l n l i o n s t h e w e i < j ; h t e t l l e a s t -

s u n a r e s r e g r e s s i o n

,*i n' ' )! 0 "

w i i e r ( ^ n i s . r s s u i n e t i t h . i l X a r l f - j , , , ) u u r - t o a c c o u n t i o r t h e h e t -

e r o s c t ' d a s t i c i U o l t h e p c r l i i r h . i t i o n I m u t i o n s ^ ^ / j ^ ' ^ ^ ^ .

i h e n 7 r / ' s o i > t a i n e d i V o n i t h i s r e ^ ^ r t - s s i o n p r o e c i . l u r < - d o n o t n e < . f s -

s . i r i K h a v e l i i e d e s i r e d p r o p e r t i e s \ \ h i c i i a l l o w t h e m t o b e i n k T | > r e t e d a s
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i r i s k - n c t i t r a r i p r o b a b i l i t i e s , l o u f n c n i t c .i SCE of 77/ u l i i c l i a r c n o n n c g a -

i i \ f a n d s u m imitN, i h c s r \ i i r i . i l )k ' s a r e i h e i i s t a i u l a n l i / e d hv

' • ' " - i " • u " , I , , ,
^ ^ , l o r ,s" C l ']it. ; ; , < ( /

i i K t \ | ( ) , ( ) 7 7 ( - n i a \ ( ) , ,,77(" I r m a \ i 0 , (, TTJ 1

L siTi^ ( h e , i l ) o \ c m c l h o d o l o u y . \ a l u c s oi i h r TT, CAU hv c a k i i l a t f d

io r t h e e n t i r e s a m p l e p e r i o d , l o r m o s t n i o n l l i s in t h e o \ e r a l l s a m p l e

p e r i o d O e t o b e r I'»7"J \ o \ e n i h e r I ' ) S S . all t h r e e ,,™,^ a r e p o s i t i \ e . s o t h a t

m a \ j 0 , 0™," j ,,77j' a n d t h e no i inc -^a l iv i tv e o i i s t r a i d t d o e s n o ! h a v e Eo l)e

e \ p l i e i t l \ a p p l i e d . '

I l a \ i n u s a t i s l i e d t l i e i i o n n e g a l i \ i t \ o f TT^ mu\ t h e e i j u a i J K of X , ~,"

to i i n i t \ , t i l l ' e r o s s - s e e t i o n a l e ' o n s t r a i n ! . e q . ( I I ! , is (^inirai iU'ed t o o h t a i i i

l o r i h e . id jus ic 'd - ; U\ s e t t i n g ; h;,,^ e q u a l l o rM^JY.,, rr't\ji'l,.,.

APPI NDIX B: Ai\AI YSIS Ol ADJLSIMIM
I VCIOH i o n BOND PRIMES

I n i h e e m | M r i f a i a n a l y s i s o i i i i t n r e s e o n t r a e E i ) r i c i ! ) o , i h e p r o j e e t f ( i

p r i e e o l t h e ( i e l i w r a b l e b o n d s is a d j u s t e d l o r a U i \ / l i t ] n i d i t \ e l T e e t .

I h i s a p i H M i d i x d o e u m e n t s i h e r e s u l t s t h a t s t i e h a n . K l j i i s t m e n l d o e s

i n d e e d s i i e i e e t l i n r e d u e i n ^ i h e m e a n s ( | i i a r ( . ' d i o r e t a s ! e r r o r i n i h e

b o n d s ' j i r i e e s .

TABLE Bl
P r i i i i i ' . ; L r r o r , e ,1 I I , , • i \ ,, i n U o i u l I ' r i r e s \ ' v r S M M ) f ; K ..• \ n \ u v

Mil-
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1 616
? 481

4 7 896
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1 0164
0 4246

M.'.ni t nni

\Uiiu I rro,

i) • .'Bti
ij 098?

u.: Ihiurr I'.unJ.
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[i

0

i d

\ ll'illl. S ( ) ( ^ (Mt

M,',ni S,,,w,

,..,/

'Jij49

7111

•,/ ( , . n ,

^Jn.,r.l

0 000
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't\l /• rr.'ij
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I 1 1 1 - n n n n c j ; . t u > M \ i i i n s i r . u r i l i - , s . i l i s f i r . i " ' ' 6 ' , 'A l l u - [ i n i r , I I n \ i n l , t h u n s \ t i i h , ' r c i n . i i n i f i f c : n i M t i l h - .

n o i 1 ( > ! i > . i j i i t i r M j ; n i i n ; i n l l A n l r i u i ' . i ^ . E i i c t i h r n i m l f l , M r i i i E ! ' i , i [ i v r k i n i n o i ! l i < [ i ! v ; r - - n i t i n -

! ! ! ! . ] ! ! ' ! ! | n - t ! l t l l l , H l o n ^ i , ' i ; , , , U l V f f l M ' 1 1 1 [ i l i s H K i ' i . r r - , '
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It s l i u i i l d l )e n o t e d t h a i <i p r o p o r l i o n a l m n d c ! l o r e^. e, / j , , ' ( / l ,

w a s U ' s l e d a l s o . \ \u\ r e s i i l l e t l m v i r l u a l l v i d e n i i e a l r e s u l t s i n t e r i u s o i

r e i l i i t i n u i f i e l i K e c ! e r r o r s t o r n n n e . d l a h l e h < i n d s , h u t s i ^ n i t i e a n t K w o r s e

r e s u l t s l o i e a i l a h ! < / 1 l o \ \ e r ' b o n d s .

lUBI KK.K

Wl.H k. ! ., D i ' u n a n . ! .. a n d i ON . V^ , ! 1 ' i^NI i. "A i )nt. \ ;K In r M i t i j r i n i i i U r r c - l

RaU s a n d its \p |> l i i a U u n to I re . i sn rv i i n n i l ( ) j 5 t i ons . ! iihiiuuil \?f.(/is/s

I 'hss. i r . , i i . j ' . I 1 'i*-) ^ I " I i's[ H i ^ S t'MH S i n let I l i e I si nna l i o n M c l l u i t l s . \ \ oi 'k in^^

i ' a p i ' i . Sc lH in l o l l 'usHi i -ss . i n d i j i i a L n i M T ^ i U ,

B i i ss . j r . , I I . ! { . . a n d i ^o r in . I , i , • MJ.N'* . | U I \ L " Vdnt r a j . ' . d i t M ' d i s i n i i a t i o n o i

\ n n S ! a t i n n a r \ s h i i l s in i\\v i c r n i S l M u n i r r n l h i U T r s i i ' la lcs , founnd «•!

} tuau,e. 44 ' - ^ 'M o M ! .

B i r i H h i n , M . I , a n d Si h^^ j M y . \ . S. • !*)"'>? " \ C o i u i n i i n u s I i i ne X j 'p roa i h ! n

i h f I ' n r i n ^ n f B I H H K . j c u n i i d n l I l i n i l a i n i i i i u l S ' i i i i i n c e . i.\ ^ ^ I s S .

i onuadnn , ( .. ' C^'Si, Mar* h :: " I hr Pri i in*.; nt ( )pl inns (MI Dei an ! I - I rer !>nnds,"

j i n i n h d i i j I i i n i i n u } l t u i J ( J u . i n t i i a l i i r \ i ! d / u ; ^ , i " • " " S ] [ ) { } .

f n\ , I { ., lnii,rrsntl, ir., |. i .. •MM.I lio-^s. S. \ , • [ ''<^S, \ i a r r h ^ " \ i h ro i \ nl 1 he

i enn Strui. inr'e ni i nlrrest i laies, I cs:n<n)i'.'tyi'. a, S ̂ ; vSs 40 .- ,

i ) H i n e . I ) , i 9 S » - I liliiu-. M,nkrh, f n j i i e x v n o i l C l i i T s . N J i ' r e n ! i i < ' H a l l ,

i j n ! , * , f , I . , t n i i i i t l ' ^ • - , Iv.. \\ H. i I ' ' h ™ , S f p ! . '• " i h e i n i n r n s a l H m H I i ( H i y •

M a l u n t v l o r w a r d l i a i r s , X u n ' r i c <ui I c u w n n i c H i ' i i i ' u . ~ ' ~ . . i i S i ) d " . ' ,

( a n i a , i i ,, anf,l l a e m is, k , i l , '• 1'-*.'^')), ' • i i ns i i i ess ( ( H u l i l i o n s a n d ! \ p r e i e d

B r U H ns n!) S l o i kv a m i HonsK. jnuriiiil nj I nunu ml I coiiniun >., 2 ^ : J T 4 ' ^

l ieL iLh. i ) . . i a r ! n ^ ^ . l i , , a r i i i M n r l o n , \ . : l ' ' * 9 ( )a . D i x - . ' " i l n m l I ' r i i a n i ; a n d l i i c

I c r n i S u n r i N c e n i i n t r U ' s ; l i a i e s : \ D i s c r e l f I i n u \ p | M o a i ' h . ' jnunhil of
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