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the analvas of the pricing behavioe of these mstnnments bas recenth
received comsiderable ttention. Fomosiatl o920 and Ddlesan Fehr
nd Noson 1993 docament an abuormal pricing behavior of coman
catliblo tesuess the appearance of nevative suphied option pricess which
creates potentiol arbitruge opportomitios for bnestars, Both stadies,
Bowever docus onby ancsmalb sample aut of dhe votad namber of callable
Boads curstandimg doroe the thne perod that each stisdy considered.
fheir wmg,\}a- ivoconsteained to thowe calluble imstramoents swhoee cash
Hovws van be reconstructed by ather Troasarm snstraments maturing o
the same e as the catlable honds, !31t‘|wim't‘, the ditestion TUTRTEOS
whether the orrmarie belunior of thewe callable Bonds iy propoerts ol onds
the Tou bopds considered, ar o properiy ol the cotire ondluble Provsinn
bond Timily Dorthermere, stnee vo pricing maodel s assuied i these
stuhesthe nanitude of the potentiad mispricing of these iostuments
t et renlh ssessed,

Pl «s}aﬁw‘ﬂu of this article v 1o ddress Brath ol those isaires
Ersts the pooede of vecatne optinn vaties anplicd In the prices of
Lo Brensiey oodbable Bonds s donestiontod Tor the entire sl ol
callable Bods traded during the pwém? fron fuby Basy iu'fmw ANV I
b dhint secathoe pmpliced u;iléu! velues persist ondy invelinivels fon
EELE T asllabie Bennde while thos ave abeent B ron b ";E(i COUON b
urthormore, wath the aid of i tiéli"!;tiﬁué' vabiation o] VoS Isbe il
vt o ohaerved torm stricture of interest cates, the aonitade of
pnpriciiee Bnoessosseds Choeral resuhie sowuest thi ms“.i?}iv Jnm:i RTING
FRURLC N A i ‘viz‘tai'tlt!, Liia:ht'l‘ i!m%l ;H‘éu'\ ‘wiﬁ‘F“’iin*‘J by the msnia‘é b
wrpronanioly [

Phe vemuindes of the arvcle v orcamized as follovs the pricing
chornotersstios of cadlable Prousary honde e presented oy the e
soctien e third seotion ovamines violatimns of the boundim cordi
tons paphied by othe pricing belunior of the callible bonds, Potential
cvplanatiens ol the wispricing amd reasons which michy present tiheng
addvantave of the arbitraa opporteniios That esist are anadused i
fourth and Hitth sectionss The maunnnde of the s pricing v ostinated

Brothe ot section
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Bonsdy at par ancany ol the scompual coupon puvment dates doring the
Fivesour perrod prios o the Trad nuturs date of the hond Fonr monine
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Pongstalt 10920 documents o number of necative call aprion vadoes

bl T o for e caliable Troasanm Donde Tor which be i
able e vepbioate b con b Flowe B thy :‘zg;ii\,;ﬁ‘uz Fone bond. Thow
s the TUN Nppugesr PUSRSS ST Ny Torrg s S S0 Ny sl sy
SOHY Nqronst TV O ard v 250 Moy J0000 08 bhonds, The cosh Ton e
ol the Tone hood are veplicated o portfelio ol o noncaflable Tonson
Bond el o st both apatueine ot the some e as the callble
breasory bond Ueing weekly observations for the perind fram foee
PURY 1o Seprembey PO Bre Pinds b nenele peoethivds of the ol

valires sraplied B the sample of collnble Dond preces are segarne. A



864 Carayannopowlos

examination of poreatid Tectors contributing 1o this paradoy does not
provide anoesplmation. Ddleson, Telus and Nuson (19930 asing the
s cash How rephicotion methodolous . cstend Donostadl s resabis, Thes
Peod thaot o convderable percentao

Cob sheerved enllable bond prices
allable bonds for sohich they ave able

vphy pewatve pat poces for 1o
to ceplicate the coshoflons of the cquivalent short bond. Jordan, Jordan.
and Jorcensen g stigeest that the methodolosy used i the PECY IS
oo shadies, due 1o the differential tas treatment of the tastriments
vaned to reconstriet the crds Hows of the callabie hond, may Toad 1o the
appearance of aonesative option saboe when the grae valoe s posithve,
Plovwever althoweh the difeorensial son treatment could nthe on arbitrage
steateny cimiog Lo profic from the apparent mipricing anprofitble for o
!»i\milg(‘ dvaostiod, o s t'\c'mgﬂ ‘ii'ii?{ttij_ﬁ(‘itt wasi“ \ll” el e A;E?ililigl‘
probis Bron newntive option prices. A T ooasadt o2 slivuests, the
evistener ol even ane trader 1o the machet who can Soeneriate bt
profite st carrent machet prices should dene option prices toward thei

approprite vadines

MARKE D CALITABRLL BOND PPRICES AND
FHE BOUNDARY CONDITION

I this section the pecing bebovior of ofl calfable honds rraded hetveen
Fobo bt and Fane 1998 b cvannmed and o violations of the honmdam
condition C8 e documented, Monthl freasrn callabsbe bond i
are Frony the Vol Shyet Joirnad Tor the 25 callible Froaanny bods
cntdivg durine the period of (he stods . Maneitios of these bods
cvae Broan Nogost Poss 93t Nenembier 2009 0 Fd The flones bonds
FEN0 At 5T B2 4000 ebrnary BN 0l gond 4012 N RUoug
are e boded from dhe sonpdes Phos, 1075 total obsernations o in
chrded 1 the \;!f!}ﬁigt\ G For cueh bond o eptothe U Aot OSSN NS
and TO00 ML T30S Bhonds which were collod By the Freamum botore
thosr detonsd ity date,

Phe onvomimation of condition s 5 reguires the specihication of the
fern strictare o interest rates at the tme of Giliation. Subsegnents,
the tevm structnre can be wsed o derne the vadies of the <hore nd
Ewti{_i Bonds o GOty the to the narhet vabue of e (W’s!'t'e'sglfaalt!slt1_1
callahle B Virions methods Tor the estimation of the tere strietioe
el anterest rates e been prososed . Yo the most wide s osed s the
sphioe approsceh pioneered by Mo alloeh 1971 10750 Pl approach
v desivned to resolve sestematic ol the diTeultios i term siroctie

eatiaton cansed b camplete nonkens By specifvine the fanctional
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Torne of the Jdisconot Danction, the cotimmtion ol diseonng Tactars spat
Fates bs transtormed o the ostimntion of parameters i the sdiscon
Faviors fronn o sot of Ghaomed homd Prisees Sice there 1e vk 1o be m

tore bods at the “hort cnad than ot the Ef}:}ai et \;!Eim“» ave conhedded

in the discount fooction o irvrease the aocoragy ol FFRTTOER TR T
jrie blemy, Bowever, evists with the availabiliy of 1z<an(xsi§<§§‘1v Froasim
Broned pricies o g eerb ;M’!‘Hni of e Fhe gty dotes for ool ihe

catlable Troaste tewnes 1oy e Flod honween Fobroany 2007

Novembor 204 swuith s M@u's‘ Eaumnr%émi)%{‘ Proasom honds matoring

i

drrvine the wane puénai Phe abmenee of diatg for soch o caonaderabie
fine peod redoees the auiiinié{s of the estoouied diseoant Lactors In
amn Lechinges
Phis wrticle oses LS Breanaes strips o estabbendi g obeerved o
strtctore of interest vates, LS Freasam stoips are sovo conpon boneds
coted Bram cither the principal orsodivedual conpons o TS Broasim
Bovods, I o=t \%muiﬁ Poveh dntrodnecd o defanlidree vorn coupon
pysiriiinend P s and thon \vlimjj \{‘gmmiifx te SRR aindd
5‘1"!1%(”’Ji peninents frome Peeasien o Too T9R5 0 the U oS dreasun
SEEN 5 {c:i EEM‘ s EEEES ‘\a‘imz‘gttw EE‘,uEii%x[ ot ?u‘;{z\ir’tt‘xg Fealorent Lanned
E‘;‘sm‘i;\tf ol Sectritaos provran Fhe prowrans allosced Bold donlees 1o
s Bosprds with nestaritios Gyt than o z*(E:ME to teir vears whieh
were asued e b wimmm PSS Drieew mi\it‘m\ maturing quartevly and
SParng o 3“"’”"& of S0 vears Bave boeen 31§%§7§£s§‘>;‘<§ datheoay the VLl
Strcet Jorrad sinee FOsY Fhe price stractore ol those sirip dodines
e sirnetere of interest raress Fhe advanioe o i strips i
that the coshr Toave of Dhoth the shovt amd Tose bonds corresponding
tooa callable bond can Be replicated by a portfolio of sivips ol
the vadnes of barh the Short and e bonds are obtamoed o the
augregdate valoe of the weip porttolio o each cises The tndlowing
wmgli« demonatraios the vonstracnion nf o rephieasing portdolio Toe o
porticolar bond that assnmes o 107 coupon bond matoring in exacth
pire veurs Do cosh Howe Droon shis Bond are S5 g s monthe ol
STOS G one veur. Mee asste o sivips vl Feee vadee of s Tan
vetuve s months wod one vears & replicating portdolio can e
constracted b boning 37 of the sivip mdoring o siv months cod
PO ol the arip pratoring i one sear, The replicaring ‘tmm"?siw B
Grth the same cash Hows as the ormmst 100 honds ol as sabae
is equal to 3% of the valoe of dhe st nonth st plus 1037 o
s vadoe of the one vear stripy Stonthh closine Bid med sk i
prices are brom the Walf Soeer !r:n?'rmf for tu 3t<‘z‘LwE ol July 1084 1o

fae 199 Dine o some ditlerences i the pricing stroctmre bebaeen
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stripped conpons and stripped princpall only steips derived from conpon
pasiments e considered,

Fable 1o ponel A prosents the resalis schen ohsernsed market prices
for cact callible band are compared 1o the vadues of the tao portiolion
ol straps svhich caacthe repheate the casho Hows of the comresponding
shortand ong bonds The wveraee of bid aid sk prices are vsed Tor the
catlible bonds and the sivipss and g par valiee of ST00 For cach bond
aserned b total there are 306 dobinions of the boundion conditinn « 3
swhich represent 2547 ol the entive saomple. The mean vialaton is S0.o4,
Bt admost 297 of the viahitions are more than 5000 The masinnnm
siobitton i 2.7

Viclons of condition ©30 tph necatie valies for the SIS
cmbedded i the cadlabde hond, Table 1 panch A dilso sovsests thar the
sijoritn ol the vielations occur when the callable hond price exceeds
the value of the u}l;'mpumiimi <hart hond, which in tam, img\itw
negaiiie P option vadnes, Phove e 282 or 20270 of the ontin \.‘Hngiian
viehations of thie aatore with o menn violation of SO0.67 amd o suranmnn

’

violation ol S22 T Onby 6% timess or 07 of the entive sampled the price
of the caliable bond exceeds the value of the corresponding Tong bond,
whicho wr tarn, naphes the evistence of pecative call valiues The averee

iedotte i this case s SO0260 whnle the toasimioess viebstion is S0 08,
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b the sheence of market imperfections, violation of condition o9
scondd allow an arbitrngenr 1o generte arbitrage profies b sellime the
callable hond wnd bosime the porifolio of stips which vepheates the
conh o af the mintmom of the equinvalent short and Tong honds, Ty
conlity, losvever, thie Freason hond market i< not feiction-dree aned these
fictions tmpose cortain costs on aie arbitracenr. The hid ashospread i
probubly the miost sertous of these frictions. The violitons docvimented
wor Paroare based o the veraue ol the bid and ook prices Tor hath
the callable honds andd steips. The obvions question s owhether those
viadations are bowe cnoogh o overcome hid ash velated franaetinn
costs. Aebirage profits wapliod by the volation of condiion o4 are
determined using the bid pree Tor calluble Treason Dol el the
ash priee for strips. Bosults arve alse reported in Table Topanet 18 e
nunther of vinlotions which are faree ononeh (o avercenie the bad osh
spread s 192 o 1T T ol the entre sanmples Phe averaue viekation

. : ) o .
S o9 the maniminn vielanon of <2031 while 257

o the viobaions e
arcater thun 109

Civen the evidence, so fars of vickisons of condinon 135+ the oy
Bebneior of coch imadivados? callobie Bosd s cvanvined sov, The b
aned meerinade o the violations are reported i Table T Bosnlie saguest
that the magority of ihe violanons oo Tor bomds s conpan e
SR g hess, The Ta23 Eeh 02 07 and e TNTS Now Bl a7 i
prarticubar, violate the condition 9270 ad S350 ob the time respeoing i,
with an average vielation of more tar o dothr and monmam volaions
of 2 70 and 207 vespeciiveh Bl Bonds with o coupon vate of
g

Sor dowers approsinnateh 377 of the prives o the wm;ﬁr siohite
condition 12 Fhis i consistentwith Fopestad P o190 Gdings bl
e the Tiddines o leson, Tebirs amd Alisan 109300 The sanples in
hoth of these studies consist of Tower conpon bonds,

S interesting e restilt however, s the absence of i senibcant
snnher of viobitions of condition 03 Tor the §1i11§n=f'<msgum Bronveds T b an
Bonds with o conpon rate of 107 o Bicheronh T vnshnions ceem

20 of the samples Phis resual s carticunlarly

aut ol 5285 ohaerm ations, or
bz siove i dociments a svstomatic differenee henween the pricing
Belnior of hisher cotpon callble bonds and b of the Toser coupon

ones, e possde of necative option values documented i the carlies

TR P O S0 1o L E NN FPIE SUTS ST E FIPUE SR YN R SNPE A RIS A

B maenittnde ab e saebateons pecdin o as o T e e e e

. s . ‘
Dsabroie Thot oo tha weee of thi s b b s et v el cpretende of the it pes el
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TABLE 1
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bierarare s mon ted 1o o coupon cffect which weeis 1o ovist in the

pricing belonior of cullable Boode,

POULENTIAL PAPEANATIONS

Fonostatl 019 fnsestivates potential esplinations Tor the Gpruirent
prsprcing ol the collable Bonde v B Hiitesd wmpie*, Poactors soch
an o the Tronear o call policv, Tguiditg, covd toves fuil 1o dcconm Tor the

appeatance of the nevative implicd option valoes tven mare passding
o the Taer thar dhis ertati pricing behavior s the propesy of onl
cortain callabie bonde and noet othore Tothis scction ficton spocifioathy
assoctated with steip pricing, the cash los reconstriction o Boigue o
Hu goadioe of the dann nsed o the study sre investisated s Potentin
evplmations oF the siohaions of the bhinmdan condition b and the

discrepaney boerwecn the pricing bebos tor of T snd hivh corpon honds,
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Streip Pricine and Term Structure Specilication
4 i

Faves

I e roest i this stidy is gz{‘éim“& aoind test ol the ooy o 1he
callable Tecosim bond muoker and the officienay of the Breason st
tarhot, Qe can GRE that the oo ed sprod fale Chrve, o dofimed by
4 vross section of reosury sivips. dovs not necessatil vornende vl o
curve derinved By the prices of other Freasan conpon bhands, arindy i
v demad shifte and the diflerential s treatmen betveen coupon
Bearing hords and stripss Coastderable arbinage ummwmm wotiled
enist i such cases Genvermnent denders e hd e E tothiese arbiets v
oprporiuniios By strpping or recanstituting the covpon bopads T s
provess which shoald prevent the price of o coupon Boned Trom Deing
ontteriati difforem than the sam ol the valies of i stipped parts o the
estent that bide sk spreads and other transaction polied costs pornin

Fooverity this arenment, the priving sebaiom iy bonseen s
and coupon Bonds oligehle Tor stripping g rocobs o s {*wméuwai
Vonthiy closing prices for all breasomn Boruds chiaible for strpprng ol
Cevonstitntion ave Trom the Ml Street fonrsad Tor the samce thne period
v i the sty o dhe cadlable honds Thoo, 705 praces are volbeered
Cone 20 Bonds sath coupons sanging brom 2125 16010 TR ITEVE I FITITRITR S TEIN

from \east 2005 16 Fobroan 20235 The cash Hows ol those Bonnds e
i

v ash Theses ol the calbable honds 1

reconstraeted Tn the wame sy as
the valie of the replicating step posttolio s constenths loneer than the
narhet proce ob the replicated coapon Bosend, this aviehi sweest shat the
Hpparent mispricing of cortans catloble Bonds s the resudy of the pocing
Bohonior o ~trips rather than ol eallable honds, However vesolis soauest
that, on averave. the valoe of the strip Ennzit}sEen crveveds the value of the

corresponding conpon Bvredd D 0050 Fuethormore, andy IS tinses. ot
sosa ol the sample. te price of the Bond oveveds the vadue of the s
portlolio by s averac of SO Whon the bid ok spread s talen inge
connideration. the bond poce exvceeds the voabae ob the siip pordelio
andy s tnies, or T of the samples by an average of ST Fheve s oo
ciunibicant diflerence i the resubis between Tow snd Digh conpon Bonds

Phorclore, it can be oarened dhat the prcing bebuvior of sirips

5]
docs not esplain the mspriving of cortan cdlible bonds Taa furthe
contributes to the pusse hecanse the value of the strp portfelio s on

AveTHLL, ureater than the valne of the csn‘i%w;*’umimu Brored,

in the absence ol s tases, e after-tas conh Hlows o the caliable

Bomd hobder shoold Be tdentioal 1o the cosh Hows of the holder of the
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cauicdent portiolio of stips. For o tanable tnvestor, honsever, afier i
cash floves conld be difforent. Ahoaoh (he specibie Ly rudes are quine
cornplen the vscenve e the ddToronn T treatment of cotpoinhoaring
bonds selling oo discomn coupon-bearing hords selling at o Preninm.
e \(i‘iglx‘ he ii;*»t‘mmf i‘mm [¥ar¥ For !‘m[h N ».ErgEJ and kli\:‘mmi RO
Bearing hond s omortived and the mmputed interest aoernes vach vear,
Ploveser while tases on the ipted nterest can e delerred unul the
discount bond v osold o wmatares, aves o the strip Bave 1o he paid
cacl vears The promium on o conpon hearing bond welling abhoye P s
arortized over the dite of the hond, and the amortization damoont oo h
vear s deducted avaiost the conpon meome of the bond, There sceme
to b therelore, st disadvintive off strips when compared o disconng
bonds o bile sirps and promim bonds are tined sommetvicalls
hosovepbicaning the cash Tow s of o disconnt Cotipon bearing bond
with o pordolio of strips mas cosalt i3 porttolioosadue which s fone
than the value of the disconns bond. Given the reconstrietion fo hnigoe,
therefores at miuht appear thie bonds sith o or COUPOT rales dre
overpricod, By the cose of callihile bonds this conld appen as aovelation
of condition 130 A discissed i the provicnes section, stopping ol
reconstitation e cxpectod o Tt the sive of the pricing differene s fo
the borads which e eligble Tor wtripping wnd reconstitntion. Callable
Bomds, Bovever, are nat clighle e he part ol this process, ad afthoueh
the cash Hoves of the equivalent short o Tong honds con be replicated
with o portfolio of wirips this porefolio s non o porfect substitoie oy the
callable bond, FPherefore, the vize of the appurent wmispricing mieht e
Bcher i this cases To find 01 there ioa differenee in the oumber and
the size of viofutions. o cample consisting of the bonds with the mose
vialations thonds with comipai rates S 000 or e s sepurated into
tvwo subeets one with unf} proemitis prices and one with disconng Prices,
Hesalts are reported i Table T Althooeh the namber of vickations s
aopercentuee of total ohaervations s bigher for the discount subset
there does not seem 1o be any sivnificant difference in the nmaitude
ol the viohitions. A pudter of fact both the mrean and the masimim
violutions aee licher for the preminm hands, Furthermore, one cin arpue
that cven i sav-Dased Tactors wre contributing to the observed mispricing
of cortam callable honds, the existenee of ey insitatinngal imvestors
with asero o low tax brachet in the Treasun bond nirkot s espected

to prevent mispriving brom bemge material,

. | ; . .
bt comprchensios ding vsedon o the Ddfercaiivd fos Tre o 1l the v aimein ssites e bondan

Forsdoany o Jiarecgiee gy - i1 2
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TABLE 11
Vo omyparivor Benveen Premiom and Preconns
ot “ 2
Bomde 1O atlble Bonde with Conpon Botes SO

Frvosnigi AT
v s o "
RRELHIRA [EE T B LS B Vs 7
(S ARHRIRHHIAE [NV
Sredarsd dlaneatann EREN

B wslation

Quality of Data

Phe setondior ntarhet for bronstrs seonnifies bvoan over Phe countes
parher where oo aronp of LS sovermment secnntios debers proasd
cantinnous bids on outstmding Freastn bonds T BReported paces are.
veneral prices guoted by these uovernment deders amd do not vepresaend
dctual transaction prcess Flowevers o comimon dssamption i <t
of bond market dita i that gooted bond prices are the e b
Clearing glg'éu*«. Sorie o Ao PTENY v tha Foor il veny iizgm&
Dot traders hine 1o aness the price whisch wonld Bive cleared an
dethe neebet. Teed e esistod Ehits ngh resalt g sastenaatie priciog
dise vepunoy of cortarm honds whvnch depot trade e often, To thenr sty
they csamine diserepaneios between quoied B prices shaned Teom
the CRINE hond tapes andd quoted prices obiained rom the Shewaon
Pohiman Brothors dotabnee. Miboueh they donon or cannet. mahe
beforenees abont the ‘{gax;hl\ of the duta moeach dota hase they suwaest
that dincrepancies o prives s oan indication that o quoted price mivh
ot be olose to the frow price. Fhe mean diw;n:ga;am Vi hond gpides 1
Found 1o be SO0 with o stmdard desiation of sp.7907 Phe cvidonee
v Comsistent st both sonrees of datn evvimg Do gosysteniatle s
thereby ntroducing no upord o dovwoseard B e the reported
Byl prices,

Phic sty tees duta collocted Gropn the Wall Strect Joumnd Tor the
pertod frons Jub 1989 10 fune 1995 Prioe 1o Julv 1990 bond dati v
suppliod tathe Wall Steced Jeasial by Bloomberg Pinaneid Vachets
while Brom July 1990 and on data s cupphed by the Pederal Besen
Bank of New York, the same data source used Ty CRISPD Siee the

federal Boserve receives quoted prices from all sovernment dealers i

T penare andomatien sec babiean farig
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s vone civable thop prices reported i che Wodf Sovcct Lol aned OIS
dave ol brolie qualite than thowe sabostied by individead traders,

Vlditianally s this stady cvmnimes whether the difforences in the
pricing bebavior among cortatn calluble bonde can be atiibated 1o
ditierences i the qualite of daty quoted duc to Dguidins Baorors, The
prosios o Bguiding that Sarig ol W oSy copploved are nsed
i this stady Hhe ProNvies are the aue ob the bondl the amonnt of the
Boand vutsianmding the hido sk spreadoand the aumber of e, el it
mamber of times the spucted price B ot Chanoed T the provicush
auoted price. The aue ol the bond whonbd Be i eraels velated 1o 0ty
iéfguiti{i“a, e RIERIRIRAAY ulrt\!;mai%:ag shodd be Jirecth vodated tothe Beoand's
uiding the hid sk spread shoutd be iveraeh velnied 1o Fegrondinn d,
e ey of runs shoald be sversehy rolated (R Ein;téilgéi\. the b
heing that the higher the namber of ans he biohier the prodoihilin
thar e vade bas acenreed and the tader s repeats e previoush
a“m%ewi prrcee

\JEH(‘\ ol EEM‘N(' gns»\ia'\ are aE&M‘iu;?wg For cach gmrxzf davel ra'\iJEE~»
are veparted 1o Fable 1V The bid el spread before Johe {9 when
bt s supphied by Bloombere Pioanciad Virkes bol in veneral, b

3

e
thon when daan s supphed by the Poderal Bosene Bank of New
\XHEi\. For myeest Ol EEJ&* s‘.iii.ftéia* !min;\ the i\p!s.!i B wufx s;nt*;ug B
stpphicd By the Federal Blesere v SO 25 I the wtody In RRTITCRNTEE
Saron EORY Y G oo oncurred il ik preiece ob o Bond il sor Chianae
Promn the provions month's price. Thiv sfudy HRPOSCR O GTC FesTricE ¢
definition o ron occnes i there s o chanoe oner e previons din s
arioted prive. Desolis o fable 1IN stgmest that Haguidin v he o actor
For oy the it three boods 1o the samiples The ot do oot appuar
to bave sobsiantial diorenoes in “tait%ei}i}, Yithauuh pricing violibons
secn toocon more regquenth in older bonda pricing hobonior does
nat secm o be rolured o digaiding when Bepuidinn is mieaared by the
amonnt antstnding the bid ash sread and the vamber of rine
Awoanoaneter of Tace, the tvwne which more “'(‘:3“&'““\ ared sicnifieantis

violates the pricing hound the 7025 Lol 07 Bond wecine (o he gt heast
as Bpnd s bonds eevued Liter which Jo o eaperienee an ahnorgd
pricing Boliavior

Fhe veader st be aware sthat Lk of Heprindity does nat necessarily
sirguest Tpoor” datn AT sisests i that the Band prices gquofed by ehis
particubae sonree micht be difforont than prices guoted by oo diflerem
trader To Toecher validate the vesolis in this studs rephicared Bond prices
ave compared 1o allidble bond prices supphed be D obnun Brothers,

Poesulis obtaned il data From the Jifforent sotmree e very sl
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TABRLE 1Y
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fo the e oblbaned voarlior and the ditforence the PRI pattern

Brotwern b and hiob REHIE I porsinds

MARKLT PRICTTONS AND AEBEIRAGE

None ol the factors annhoed s the provions section provade en degini
eaplanation Tor the ovistenc of the apparent soispricng o the ke
of Callble honds Torthormaere, another possde renaine what prevents
4!'%3;%3',5;:{ IRV PPN i\gxi(akgxsw; I E!!‘éﬂi;a;{ anomindy toodis follest onent:
Deanotes whic b cun ke arbitrase costhe are discnssed nes,

Fhe arbitrage opportenitios doctimented e this article et
arbitraee foe o individiat who alresds onns the Callable bood . In i

i~ honowiy e o aebitsezes the hondhokder canwell the cotlable haond

in the murket and replace i with o portiolio of steips veplicating the

11
[REREE)
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canhy Howe of one of the cguisalent shoet or long honds. This is trae for
anyanvestor who docs not ovwn the callabile bomd onds i <o setlig s
costloss and the position is held annil matorin or antil the price of the
callable hond correcrs draell Flovover, sinee i1 tahos place vio o reverse
cpurchase soveement, short selling s not costhoss, Short selline costs
can escved arbitrace profics i he price anomaly does no discppear
Fast enooeh As Cornell iond Shapiro (1980 stivoest, aiven a diflerential
of three percentage points hetween the repo rite and the short-term
torest rote o dealer who tahes o posifion swhoen the theoretival arhitroe
profit s S300 wil mahe money anvil the prohit potential vetirns to zoro
within 235 weeks: Bevond that date the deader would Tose money, cvern

the anonndy subaeguentls di\.zl!p:xnmi‘ Civen the uncertainty of the
potenstinh ins cor fossestwhen taking o position in ;mu"in;ui.n‘ Harhet,
vans plasers oche e amwilhing o v\pimi the arbitrage opportunites
which exist in callable bonds, Howeyer, atiast arbitrage o sl e baivel
astless and owners of collible Bonds can cosily onploft the pricine

LEtedity %J B ceitain &11“2!“1\‘ E?E?i}ii&

ESTEMATING THE MAGNITUDE
OF THE MISPRICING

Phe wrelateos of condition 30 documented whove stozest that cers
tains cabiable Bonds can bo overpriced owever. the magniiade of the

THENDY O needs 1o b L’\EHEMINE.

Fhe BModed

Mithonoh o catlable Trovaam Bond can be viewed as o portolio of
strwzlit bond and o aption weitten an this hond. the teo COmponent S
Joomon teady \(‘;mt‘m‘i'\ andsthos they are not obaenable in the marke
pleces Pherelore, made! swhich prices both componenis o the e
aovcorrenth neededs Vasicel S197T 0 Con Tnuersoll and $lave [RIANESY
and Bronnan and Scha oty 119790 mong others, develop one o two
Frcten verm stiracture models for pricing boonds and oder interest vare
CERETEI O af:iims. I he &Ei\&ti‘uilﬂiif_i(‘ ¥ EQH‘NE' carh mutft‘i\ %l{!\'\(‘\t’!'.
othac they do noe automaticallv fir o obsern ed term <trncture. \ich
the sppropriate chotoe of parimncters i cach maodel thes can provide an
4e§m;u‘uxém‘m‘ Horoman ol the term strnctares observed, Tlov eser, sinee
spHon prces are vens sensitive to chanoes i the price of the nnderiyving
dssets the wwégin Bond i thiv case. o omnde] which pross e i e

bitote Egu‘ ohaersed sormn strnctore is needod,
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Fhe model i develaped ander the asual ser o assinptions of
CORTHIEOLS ir;uging‘ e Lnes, o transacton coste and aecess 1o indor
pation for ol investors. The {i\ mivs ol the term straciore are (‘;gﬁmcﬁ
by the movement of the xlmrl—la'!m interest rate swhich oassimed
follow the meanreverting Ovnstein Uhlenbook process proposed by

Vasicelo cRIT T
oy o prdl o oerdds 4
where oo b o are positive constants aned do s o staodard Ganss Wione

process with menn oo and varionee o

RantEining that the mavhet price of the interost pale s‘ésfx AU 1N

Brvction of timeothe cqunalent process ma vish nvatral workd becomes:
Ao et Ml ke o s
0
A Porer o cred 5
\h{"k'

s of Al by

Provess (35 s ontension of the Sasicel 19770 msdel deve 1:} rwedd
By Dot ok White s 89905 and it will Be reforred (o as the Eatended
Vastook model beveafter, Uniess the Tunetionad form of the murhes pric
of mreresi rate vishs AU s Rnowng the deile vore T process 8y s
pohnown booction of times ol aeed White 019959 develop o trnonnl
trec where i each step the function 700 s chosen in oowan that the
srroedaed ;wml{}vx arcaesact D to the mtab serm stroctare of imderest rotes
P he <ame nomerical ni(‘!}m(ininu\ i~ t‘mgller\:'d Biere 1o constroct o free
which s used 1o P thie collable Troasony bond, Althou "i} FoCess DRl
Alows the Bholihood of necarive soterosi rtes 10 provides an eaact o
fo any observed term stroctare. Fhe coprical apphicetion of the maodel
FUgLres the estinnation of ¢ and or o p:‘nuu\w\ :4“ and c3 g well e
the specilication o the torm strovture of intevest rales a1 Lo ghven thine,
o bind the E:ri( v of the collable Troasom §1z1m§‘ the trinomibd tree can be
terd with the tormiral condition thar ot matority the sabue of the bond
cinint oneed s f‘.lu' valtre. The esistenee of the cmbedded opiie Al
wusuests that the valoe ol the bond orcany conpon paviment date dosing,

vhe Tive ves i}::!;mf pai{;a to the hond's orieinal manarity connot evceed
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e call price which capreal to the par vadie of the bond G all callibile

Eroasinm pantiy.”

Parameter Estonation

Vooeneralized version of Christies 219820 nunimmm Bhelibood estin
tienr procoedure is ovsed 1o estimate the Perameers g process (43
bricl summary of the proceduse appears o Sppendin T B prevides
stmftanenns estintates ol the paramerers o the variance covarinne
patris, Ehe diata ased For this parpose are the annoadized vields on
Froasury Dbills souly approvimatel 90 dins to mturits . observed on e
Bict tradimy o oF cach mongds, o the !h’s'mzﬁ o Novernher 1979
Drecomber [ e a'vw!iimfg CstiBtes are o B N

AT s and o B0USE 0035 Nbers i parenthoses
denare asvmprotie standard crrar,

veomentioned carbiers the model requives the specficition of ol
current terme stevctore whioeh s sed o i vibie devedo prcint of i
tenomdal bvtice. The term sirnctire delined by the obeerved SLop e

o the poaticntar valuntion date i oveed s o inpat i the moded

Besults

Fho modet sooeed o oonorne monthhy chosing prices oy the 24 calldil

Proasury bonds oraded during the proviod Tronn Taly PISS 10 June 1993
Fable vy preesents ditferences berveen modeloencrated  and market
prices for hoth the torsl sample and oo subsens o the entire sl
the Tirat containing callable bonds with coupon rates areater than o
c‘&;ti‘tE to O o thie weeond containing wadobIe Bosde ek Cisbpin
cates fovver than 1070 This differentintion secms nevcssany civen il
dilferent pricing bebunior of the swo oronps of bonds whon confarmnee
toothe Bowdary condition seas ovanined, AL shet prce s defined as b
averiae ol the aetuad Bid aod ask prices for uu‘h bond, Table v e
prosents o comparison o the restlie devnved By the T atemded Visioch
medel with the resolie ohained by o ad o procedie. referred o
as the nabve model heveatter The maive mdel aadiuns ae the vl
o e cnllable band the tpper Himin ol boondioy condition 31 e

the minbm of the vidoes of the cquivalent Tong and <hort Bonds,
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TABLE v

£ oompartson of Maded Generated Prices 1o Mavhot Prices

VR
T . . f
Vi f [ fisoe i [RIEN ~ Vi
Mk Troridi oy e senmple TR i
Y 1 3 1 . A4
HERAEeE 10 Ry & s
sehal [ATR RS AEEH SRR H IR R N L S 1% Loy, psd
[ i BER] $ i Ly 5o ¢
Plares: 1 PoEe § e T
Ll CHIY Congreey palee PEE ERRD Db ey i
b.v Tung Y b R . Lo
RETE 1Y TG i P 3 PR 1
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Fhe objevtine of this comparison s to determe whethoy the o
sophisticired Tacnded Yasicek nedel has anc evplnators povee with
E‘&’HE}H‘! H E.i”.ktﬁil‘ f;{mxl m.n“j\z‘w‘ pi‘%u'x

Eherall el woauest that Tor mere than 735 ol the saomple
parhet, prices oxeced moded sonersted prices Ol eraue, ket e s
eveecd model wenerated prices by ST.O50 The nadmony e owhich
prhet price oveeeds aomodel price s ST whie the o in
vhich o moded price caeveds a o nrhet price s To, Whon the ruee
sithacts nre considercd, rosults are deastioadic ditferent, For bonds with
Cebran oo gty E?mi! t4y l‘il!llﬁi (PP I i%n* [ARLSRTE R R LN S IR IR L B

ondy ST However for o owoe than 7570 of the observations v the

foveer conpon hond sample, marker prices exeood model prices By more

thar ST b ov mare than 230 o the obnervations m the Bover voapon
sample, market prces exceod model poces oS 032 o neres whildes on
the meraoe, nurhet prces eveeed maoded Drees by wiosd
Vocomparison ol residis Brome the Patendod Vasicch model sl
vestbis obtirned by the oanve model sueeosts that the Liver pronisdes
o better Tit o absenved murket prices i the overndh ssple. The oot
vy soare ceror CRAISES s sed as g measure of e Phe mean
sepnre cerar DMEST O detioed os the som of the sqoared errore divided
By the nomber of obuservntions, The VST cor s sopnre voot VIS
iocenerath indicatne of the ook of Gt between model and okt
prices. e foot that the nane woded provdes o beter Tie s Bundis

coprising, Given the et that 257 of the prives i the overall saniple

gt
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CONC

viabate condition C0 e models no aaeter bos sophisticated il
dabvas s ol 1o pron ide cood results and the nanve ‘qgwpm‘u‘is will abwans
Neeina o p«‘rf‘wt'ali heteer, Hlowever, when the anahvsis focuses an the
sithset of the higher coupen bonds where viekitions of condition + 35 are
almost nonesistent, resulis sogoest thut the Taended Vasicel moded e

constderabh more explanatory poser than the nane approach.

FUSHON

Phis stady esamines the pricing bebavior of U8 Treasun callable
Bonds doving the peviod rom July 19590 10 Jine 1995 Prcvious research
Bo Fonosdt ctun2i and Pdleson, Pl and Mason (o9 prosdes
evidence of negatnve inplicd option salues o the marker of collable
Bonds, Fhe empircal cosalts in this article suguest that this pricing
snorrahy persists anly i Bonds oty By« supon rates, Teis shown thi
Lo coupon callable honds arelin general, overpriced by the vnehet o
the extent that their prices often mph neaative vadues for the cadl andion
put options endhedded i the bond. However there s no sapport for the
existence of such an anomals i the oacher prices o callable Bonds
with yelimively bigh conpon vtess Ao exanination ol cortain fcton
whichmiahe et the cash o veplication technigue ased inthe stads

provides no expliation o the docomented pussde,

APPLENDEN |

orameter Fstimaiion

Given the process the interest vite, 1) follows
A oth ende s erd

andd denoting as Ar the chanee inor over o osadl el of time, Se
the log-fikelihood Tanetion of o sample of <ive s
i 1

I 2 lvier=s 5;‘1\;' il A
¥ H Yopo A

where the suommuation s over all o Masimizing the Jowelikelihoodd

frnction with vespect o o0 L0 and or?s the Tollowing cquations e

obtained:




Callabie Bonds a7%

Phe solution of this svaem of theee nonlinear cquntions i ufﬂ,tmu
nsine the SAS procedove MATHBING The procedure Tor obtainime an
cstimated sarionves covarames nadens of the paramcier ostimates i
doseribed By Choder 1 19s7
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