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Ab gract

T hispaper empircally comparesa variety oF rm-valle-basd mod -
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perpetualcouponbort mod elbofi erton(974), Lebhri (1994) ari AN
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corporate hori sratel BBB, Treasry yiel 5 Bverage measresi erived
fom the F bw ofFurd SAccounts irteres ¢ overace measrest] erivel fom
the Natbrall lnome Accounts ari vo htility measres( erivel fom the
dockmarket . INnthe hast seci catiorw ith corgan d efiulk fee rates
we ri that mod elbw ith ert ogeroush arkrupteybarriers(the Le hri ani
the Ariersn Sudaresnari TychonmodeB "t quite well T hus in
thes mod elg variatbrsofhkverage arl asst vo htility are furi to ac-
court Br muh ofthe time-riesvarietiorsofob rvel corporate yiel s
W e thenuz the et imatesto calubkte the imp kel probab ilky ofi efiuk
w ithinN years.We i urier p hush B assmptibrsonthe market ride
premium Br Bverel rmsthat the mod e lsprod e d efEulk prob ab ikiesbr
5yearsor more w hth are inlire w ith the higorcallexperierue reported
byl ool ys.
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1 Iroduwton

In this pgpar we estimate structiural macek of aapaate bad yieks using
manthly doservatias ofyield indicss ofU S Cinvestmantgrade coparate bads -
Falloningin the raditicn esteblished byl erton [3 ] structural modek ofcopo-
rake baoks treat thee as aatingaitcaims an the asssts oftte ™ _V arialias
in yied are epENad by vaiatias in bwerage, asset\alle \oHti ity, ad the
riskess intersst rate - | terestin structural madek ofthe Bebi fties oftte mis
motivated in partby thearetical aasidaratias - T hese aatingaitdaims macek
arethe extiasias ofthe necdbssical eay oftte ™ tothe e of stodestic
autputin atinuas time. A s sudh they ink the vallatian of nenaal ceims
10 ecoamic Tundematiak and potatially an be imbedded in an e ibrium
madel of the production econamy- Further motivatian for structural madek of
axpaate kabikties is proided by pastampircalworkwhidh hes found thataor=
parate yied spreack oer goarmmaitbacs is related 1o stodk market retunrs
and maaosaonamic business oyde indicators Ja@e 21 Jad D uie (11 P

D expite the gopeal of structural madek, they have proed diz=ault to im-
pEment suasssiully and are notvery widely used in practice- 0 ne prdolam is
that mast statistical analysss have employad inear madek wheress the theo-
retial madek relate yields o Tundameantal determinants in ahidhly nan-inear
vay- T hus these estimates are best\viened as goprodmatias which have vexi-
"~ ed sane ofthe gualitative predictias ofthe theary butwhicdh cannottbe used
directly in pridng- Furthermare, structural macek have greater data recLire-
ments than other gpproadss - P sst sariass atlampts to impkematttell ertn
madelanU S _aapaate bads proved disgppanting @ anes, il asan, andR asen-
£Hd [23][24P- T he madek did not thery well ad tended 1o systamatically
udarestimate doserved yiels when plausibe valles ofF sssetvolti ity were en-
pbyed. Incommeantingan these results, Fisher8 bBdk[5 Jnoted, \ T hisis aacstly
madkel. I'twses a IbtofFamputer time_A tithe ad ofitall the aerage enmarin
pridng bads is 6% -1 an surprised thatt Janes etal are bk o aeate amacel
with sudablgeaema!”

In the e of these resuls practitiaaers hae teded o adgot pragmatic
solutias whidh attempt o infer E&ryieks fian market yieks of othertraded
inrsttunats that are caomparabe with respect to rating and matunty- In the
smplstgpplication this gves rise to\ matrix pridng "where the yield ofagven
isste is darivaed firan a set of yieks of traded baerdmarks using ad hoc rukss
or intapolatian - R ecantly a number of achenass have bean made which gve
arigxas statistical besis Tor inkening issue yielks fron market bendmaiks -
Impartantstudies of these so-called \ reduasd fom'® " madek of caparate viels
incdlce!l ittierman and Iben [27] Jamovand T umbull22 Jand D uit-e and Single-
TN [1 21 3} T his goproach drans upan develpmeants inthel 980 sinmaodeling
e detulefiee term struciure. 1N partiauker;, these have introduced avariety
of° exbk fundiaal fams gving the acoditiaal prdosbi ity of defule. T he
resuls have bean exaauragng, and these reduced Taom madek are wselul in



sane practical gpplicatias- H onever; there are impartant imitatias 1o this
gopraed.-

T hese studies have praopased avariety of° edble Tunctiaal form which may
be calibrated O a gven set of bend marks - T wo di@arat fams clibrated to
thesamebandmarks mayimplysigi cantly d®yaitvalles when priangsamne
atherissue- T hus predicted \valle dgpends yoan the dhdce of finctianal fam,
addacwhidh may notbe fully detarminad an the basis ofgoadness of ©

A saood prablem with reduced fam madeks is that farmany pridng prdo-
s there are no reliebke baxdmarks.. In this aese aewauld ke O esteblish
vabes fion st prindpks. Fa-eampke, suppae that a gven ampay hes
asinge 5 yearbad autstanding- 0 ne might assume thatt sudh abad auld
be pricad using a madel calibrated 1o the geric zaro-aapan aune Torissues
aryingthesame rating Geeeg, L itterman and |ben Torthis gppraach)- Sup-
pase the resulting yield predictian is sign Gantly belowv the market yied for
this seaunty. D ass this riegpresata trading gopartunity ardass itindicate that
the risks ofthis seaunty aresign cantly greaier then those of e average sea-
Ity within its rating dess? Itis diz=ault to knov honv o answer this guestian
withaut reerence o fundementaks -

A thid imitation © aapaate bad pridng using a ° edble reduced form
madel calibrated a® of dosely related issues is that this gpproadh 1o priding
individual seaurties ighares systematic risks in a bad partidlio. Itis lkely
that defult evaits of dvarse  1Ims are aanelated and aandde with o/cical
donn-turrs.- T his fctis ignhared in an gopraach that treats the bad market
& agsisting of a e number of isolated sagmants, eedh of whidh aatains
bexdmarks used Toralibrating amadel whidh in tum can be used toprice the
atherissues within the sagmeant. Sudh an gppraadh westes potatially \valicsbke
infomation deriving fran the factthatyields aatss these sagments are partially
driven by the same aamman Bctoas- |n atrsst, a Tindamattal modek acan
reed ly Ee this ino acoountwhen itis realizad tat m assetvallss may
ariam o sane multi-fectormadel.-

Farall of these reesas wWe el there is a need Tor further enpirical study
of structural madek of aapaate bads- A N additianal reeson Torudertskiing
this is thatin rematyears there hes bean renened theaetical wark in this area
dssiged o address the imitatias encountared with past aatingat cams
madek- T he aignal madel ofll erton [32]and mast other aatingerit claims
analysis assumes thatdefaultooaurs when the 's assets Bl toan e as
aosabing barmier at whidh pdnt the aeditars immediately saze the assets of
te m, passibly net of same bankauptoy ast. T his treatmatt of nenaal
distiess is inasistarit with doserved epaiaxe G, Toreampk, the pgpears
by Fanks ad Taas [16 | 7]Jad W dss [35P- T his shartcaning hes gven
rise 1 new madek whidh detexrmine the loner reagenization baundary of the
madel endogenasly- 0 ne gpproach hes been to introduce a game-thearetic
madel of the bankruptoy pracess ad in this way address the determinants of
deviatias fram aosolute pranity Gee, A ndarson and Sundaresan [27] 4 ndersan



Sundaresan, and T ydxn [3] A ndersan, P an, and Sundaresan [4 Jad Fen ad
Sudaresan [14])- 4 n altemative, but dosely related, gppraedh bullks an the
raal gotias theay of inestmatt dedsian and treats the Iquidation dedsian
s angtian G, Il eleB aaland Pervaudin [31 P-4 third ne ofFmadeling
ollons B bdk and Caox [6 ]in assuming that debtservice is paid by issuing new
equity; the endagenas bankauptoy partis the valbe oftte m sudh that the
marketprice dfequity drgps tozaro.- Ces, L elrd[28 Jandl elerdand T oit[29P-
W hile there are sane similarities aatss madek, thar implicatias Torpridng
&an d®x sigi catly. To date thare hes bean no attlempt 1o disaiminatie
amag these madek an empirical grauncs -

T he purpcse of the aunantstudy is 1O see tovwhat extatt these neavmaodek
are ebke toacoountiorbraed time series varatias in doserved yields of default=
abke badks. Sexodanily, it attempts o idatify which of the modek & the
dalabest_Spad Gally, we Toamulate aganeral madel whidh takes the papetual
aupan bad madek ofll erton (974), L elend (994)and A ndersan, Sundare-
san and T ydan 996), as well a6 sane immediate grnevalizatias thareof, s
spedal ess! W e estimate these using aggrecpie time saties dataforthe U S
axpaate bad market, maithly, firom A ugst1 97 thraugh D ecamber1 996 -

Inthebasicgpad atiohwth astattcebulthes ratss, we nd thatmodeb
wirith endoganas bankruptoy banviars (thel elend and thel ndersan, Sundaresan
adTydhanmadek) tautewdl. T hus, in these madek, \anatias of berage
and asset\oHti ity are Tound 1o account for mudh of the timesaries \ariatias
of doserved copaate vields - In aotrest;, thell erton madel whidh assumes an
exagenas bankayptoy banier;, doss not perfom well. W hen we aasider the
altamative sped catian whidh allons far a imesarying default riskefiee rate,
the performance of trell erton madel improves_H onever,; itis still dominated
by that of the endoganas bankauptoy madek - W e then use the estimaties to
calubie te implied prdocbi ity of cebult wthin i years. W e nd udar
plsibE assumptias an the market riskspramium for blared s that the
madek praduce default prdosbi iities Tors years armarewhidh are in inewith
e histvical exparience reparted byl aody's -

T he reamanderof the paperis atanized as Tollons - [N section 2 we desaibe
thedata_Sectian 3 develyps the ganeral thearetical madel and shons howviknoan
madek firan the arature are nested as spadal Gesss- Sectian 4 presats the
anpirical estimates . Section 5 is devoted to auraonclsias.-

2  Data

0 ne oftte mativatias farstructural modek afaotingantdeims is toprovide a
Nk betineen capaate kiabi ities and tha riundemental econamicdeterminants -

1ANthes moid elbtake “mm valle asthe urierlirg sochag process. INncortrast the
mod elofil elk-Barralari Perraul intakes rm saksasthe d rivirg process. Inp Emertirg
thisw oull require a ¢ ®erert approach fom that takeninthe c urrert paper.




Itis camman plae 1 regad eguity valbes Trawice range of ' as baing
determined by a small number of comman fectars ad m-sped cBctas. It
is mudh IEss amman to lbdk upan the determinants of caporate bad yieks
inasmib\an. H oneer, in aurvew, itis likely that nengal distress ad
te moay rakes o) dams ofdistitessed  1ms are both highly dgpadaitan
systematic fectars- H onever; by the naonlinear nature of dgot ke daims, the
saeitvity totheseecoamicbBdtos willharysigi - antly aacss diRerattclims
ad oertme.l onergrade deims that are doserto bang distressad are ikely
10 be mare sarsitive to fators aRacting equity \alues ; whi e high grede caims
ae mostly sasitive to dangss in the riskfiee tam structure. T he edhventege
afstructural madek is tatthey arespad Gy desiged 1O I ectthis \arying
saeitivity uderdenging d raumstancess -

0 re passibe goplication of structural aotingent daims madek is 1o the
priangofsped cbad issues ofindividual ms. T odo so ae ness todrawv
upan infomatian an the asset\volti ity of the 1, i gpital structure ad,
in prindplke, upan the sped ¢ vaatts of cam we are priang and of other
daims. W aking with this mass of infoomatian sped c O tte M r|EQUIrEss
aasidarabke eRort and &tk o dosaure the Bctos coonman aacss  Ims- Far
this reeson we have dhasen in the presantstudy toimplEmantstructural macek
wsing aggracpie data. [ntuitively, indicss of aaparate bad yields shauld be
mare tightly inked t© acommaon econamic fedars, sinae by aseragng the impact
of m-spad cactas will be eiminated .- A N additiaal achentage ohwarkiing
wthindicss ofbad yiekks is that Iquidity premiaae ikely tobe irly aastait
and therefore can be madeled reltively simply?

W e e dosenatias of the gaeric aapaate, arthetun bad yiels for
industrial copaatias as reparted in the Saloman B rothers B adk oft nalvtical
Y ields_ T his reparts mathily doseratias ofyields an 30 yearbaxks with S&P
ratings ofA A A ,A ,and BBB fora rehtively log timeperiad, fram A ugst
190 thwough D ecamber] 996 - Formanth twe denote these yields as y&&2, y2,
and y&* respectively. 1t shauld be noted that by aostruction these yields are
aseragss of reltively nenly issued bands trading close topar-

D uring aur sampk pariad the U S _expariancad  \e ree=ssias, a pariad of
dabkedgtirt ation, amajastodkmarketassh, and alogperiad ofsustained
noHIP aticary gorh.- Inthe  stthiree nss of T abe!l wepresantdesaiptive
statistics Toraursampke ofyieks and A A ,A axdBBB baks respectivaly. It
shaud be noted that both the el of te yvied ad the \olti ity of yiels
\ary inerely with asdit galty- || oie that the autoconeltion coetdants
wth!, 2,3, ad 12 maith b ae all aute hidh rasing te possibi ity that
e yied saries are not statiaary- 1N fact, mudh of the \variation of cpaate
yields oerthis pariad ofmare then 26 years is ikely acoourted forby dhangess

2 k hasbrgbeenrecogrized that part ofthe prem ium oforporate bori yiel sover Trea-
arkesre’ectsther rehtively bwer Bquil ity. (See Fisher [15] ard 6 rirh htt [19] - How ever,

mod e rgofiqutl ity eRec tsBr corporate b ik esisrehtivel/recert ari hasrot yet stt Bl
onthe d eterm irrtsoFliquil ity d Perernesacross rms.




in the defaultefiee rate- T o \anify this we have aloubaied the spreecs of the
apaate index oerthe 30 yearU S _T ressury yied, whidh we daoke s ;.-
Summary statistics are presatied in inss 4-6 of Tebke!l - Inthesampleh A A
spreeck aarage 71 basis parts O p 5)-T heanparcbke gass ok andBBB
boxk ael24 bp 3 ad 184 bp 5. Itshaid be noted thatvoltikity ofB B B
Soreedk is raudhly thice et of A A A spreeds. Inded, oer the sampke the
BBB \varied oerarange ofalnast300 bp 5. T he autoconeltian coetdatts
ofthe spreeck are bnaarthen thase ofthe yields sugessting that there may be a
staticary @ntegrating) reltiaship betnean capaate ad defult riskefiee
yiekks_ Still, these autoconeltion coetdatts are reltively hich. T his migit
be eqliccble by the fect that the spreacs dgpaed upan othervariebles \wWhich
are themsebhes autoonelted in the samplke- Inded, itis a basic pramise of
structural mackek that the spreed shauld dgpaend yoan such Ectars a8 berage
and asset\volt Kty as well ss the defulefres term structure.

T hus, in ader ©©  tstrucural atingait dams madek t matthly time
sexies ofyielkks angrericl S _acapaate baxdks, we astructmaithly variablkes
1o sere a5 prodess Tor blerage and asset\volti ity - 0 ur Bverace messures are
besad an data aotainad in the annual aggreggite balbnae shests ofnan- nenaal
apaatias atanad inthe U S _Federal R esere’s Fw ofF Funds A aoaunts.-
T hese mpartvariass messures of tolal debstad ofretworth D eot gures are
repoarted as badkvales Il etworth is rieported at marketvalle ad is derived
&s the residual of assets (messured at market valle when ada BbE) ks the
bodk \valLe of kabiities. T he acoounts abo repart the ol valle of equities
besad an marketpricss_ A n ingpection of the netwarth data reveal vary kttke
\arfation fram year 1o year thus suggssting that in Bt they e ect market
\alatias oy \vary imperectly. |n aotrast, messures of the marketale of
ety vary sigi cantly and gppear 1 hold mare pramise for acoounting for
doserned \ariatias of caapaate yiels ad vied spreecs - T harekae, we hae
aneantrated aurattention an bverage messures darivad fran the marketvalle
ofequity.

W e aastructamanthly series of the marketvalLe of equity fron the arual
sriss by  istalulting the matthly average gonth rates fran thosuaessive
year-ad gures_ W edothesanethingfortheS&P 500 index W ethen aloubate
e deviation afthe mathly gonth rates ofthe S&P 500 fiam the avual aer-
ae-T hese mathly deviatias are anbined with the aerace mathly gronmth
raiss of the aggregate market\valle of equity 1O dotain a mathly estimate of
market\alLe of equity- B y this methad aur estimate trads mathly ° uctue-
tias oftheS&P 500 butremeairs asistattwth the anrual data fran te Flowv
of Funds A aants_ Il atthly ddot gures are dotained fran arual gures by
assuming aastant gsonetric gonth thraughaut the year- Fam these matthly
saries we dotain mathly estimaties of bverage as Tollons:

L BV =T otall iebikties/([ oAl isbi ktiest EqUity)

SWeals inp Bmertel the ®me ofthe mod e lsusirgakerrative Bverace proxiesastibw s



A mang practitiaess itis aanman o dllowavariety of° ondossad nenaal
ratics in ader to derive infomatian ebautbad safety. BEampks incdude co~
aace ratics, pro toilty ratics, ad Gsh ° owv ratics - In this spitwe hae in-
\estigated samne ° onsbesed agprecative messures of daotburden tosee vwhether
ey add 1o the epbnatary poner of structural madeks of caparate yields - In
partiaubrfian thel S A atiawal Incomel aoounts we usad seesaally adjusted
messurss of aggracale intarsst paymats ad capaate pro .- | atthly es-
timates of bvek were dotained by interpoltian- T hese in twm ware used 1o
arstructa messure of interest burden as Olons:

BURD B =intarest’pro

T his infomatian mustbe incorparated within the non-inearfunctiaal form
oftrestrtuctural madeks .4 anvenientway todo thisistorescakeBURD Bl so
that ithes magnitudss ofvariation aamparebke ol BV and to ambire these
™o messurss inearly 10 yied a revisad bverage messure Wwhidh we danotke s
L BV *2 In the estimatias we namalize ~ m \alLe 1 be unity so thatl BV
ad | BV * may be intapretad as an aggecate dadot to ssset ratio- W e danotke
ar berage dsenation inmath tas P«

0 ur proxy for asset \alle \oHti Ity is derivad fion the market pricss of
ety 6 iven astok price index, kL we calube the matthly retums R « =
hikihik -Thewhtlity ofequity retums in maith tis calulbied ss the
standard deviation of retunrs oer the 12 maitts ending in matth t— T he
resuls rparted hare are bassd an the S&P 500 index- W e denote this by A¢-
Forsmpliaty we ke the ratio of ssset \voHti ity 1o equity voltiity tobe a
arstant, a, sothatthe implied proxdy forsssetvolti ity is 8 - T he parameter
ais detemined from the datla

3 Acreraldrutualnod eloorporatebori s

Structural madek of apaate ddst eplEn \vaatias in the yield on a aor
paate bad with gven aatrectual Eaturss g, term, aaupan) in terms of
\aatias in | m berage ad M assetvolti Ity as well ss \vaniatias in the
defaulefiee term structure W hilke alll structural madeks share this property, dif
rantstructural madek d®:erin impatantdetal b and can hae vary d®srait
implicatias Tor pridng- In ader t© compare macek and 1o provide a frame-
work fortesting, we introduce agenaral framenak that gves rise todlosed form
solutias Tarthe cese of perpetual aaupan bads and which nests the modek of
A Ndersan, Sundaresan and Tydhan @ ST )[3] L elend [287] ad il erton [32]as
spedal Gees -

LE Vi=Firan el Deb t/F iraniklDebt+ New Worth); LE V2=FiranialDet/F iranial
Deb t+ E quity); ard LE V3= TotalLiab ilkties/(TotalLih ilkkies- New W orth) .

T he varieb ksprod cel sy/tematcallyworse ~tsthanthos w e report inthe paper ari are
rot reported here.

‘Specically,

LEVe= 13 EV + 2 (KB UR DEN )):



W eacasidera m whoee assets hae avale, V |, whidh follons astodestic
process,

O =1y d+ Wk O

wherel istteraleofietuman Mmassets, isthecsh® ovrate, % is asset
volEtiity, ad dz is al ienerproeess-A ssume zero aapaaie Bes - A ssunea
° at, nnstodsstic defulfiee term structure with acontiruasly aompaunded
rake ofinlersst of . W e suyppae that e M hes issued a papetual bad
with e \valbe P pramising a aattinuols aapan at rate c. Capaate baks
cany te risk that the  m will ater into bankauptoy. W e assume that the
bankuptoy regme in eRactalions o the passibi ity of defeulitwhich does not
induce tre Iquidation ofthe ™ . T hus we suppase that the ddot service ° o
actually reasved by the aeditaorwill be of the state degpadent fam, s ;o
I, honever;, bankiuptoy results in iquidation the aeditorwi ll eEive the assets
aofthe M netofany Iqudatian asts- W e assume quidatian asts take the
cgedl ineerfam, K+ ¢ § )Y weaee K ad ) aeastants- T hs atthe
Equidatian barmierthe valLe of the badks is gven by,

B =l aav iKX @

6 iven these spad catias ples additiaal sssumptian aoncaming the diift

tam, the baxk an be valbed using stendard tednigues- A I the madeks we
arsiderhave solutias wnidh tale the Tam,

8 =2 PPt Pd @@ TiKD) ®

where we Gan inlapret P 4 as a prdoability of defaultad V = as the default
barrier_T hus structural madeklk can be ienad s alll stating thatt the \alLe of a
risky bad equak thevale ofa riskiess bad times the prdocbi ity ofnodefault
pls the \alLe of the collateral times the prdosbi ity of defeulit. Structural
madek of parpetual caupan ddot d®er with respect to how they assess the
prcbebi kty of deultand the valLe of collateral upan defeult® W e novdisauss
how spadal cases of this madel aonespad 1o the pepetuity madek ofl elad,
A ndersan, Sundaressan ad Tydhan ¢ ST ), ad il ertaon.

Inboth thel elendandi ST framenarks the driftin eguation ¢ )is assumed
bhe @ i )Y sotatte\ale prosss follons ageonetric B ronnian motian.-
Inthis Gee, since pearpetual bads donotdgpend directly upan time, they must
satisfy the adinary d®atial equatian,

1 N
E%ZVszv+(ri YBy i +s{;0=0 @

S5Note how ever that thisgivesa rid<reutralprob ab ility ofi efiuk - Incgererallit w illrothe
d rect lycomparab E to higorcald efEul ratesT hisisse isi isus=l bebw wherw e irterpret
our estimates.



where subsaipts daoke dGaaitiatian. Forgaeral sped catias of stalke de-
perdantdedbt service, s ;0), ad the Iquidation baundary there is no knoan
dosad fom solutian o this equatian .H onever, theprdolem simpll esiffar m
vabes in exasss ofsane aitical valle, V =, the badholder remaves aatractual
ddotservie at rate @ ad ifat the bamier;, V =, the badhoder re@Ewes an
anautteguinvalat o tre collaieral vale in equatian 2 . oie thatif m valbe
attairs the bamrierV =, we donotnecessarily assume ttatthe m is kiguidated.-
Inde=d in same sttuctural modek itis assumed tatthe ™ aotinues goarak:
ing- Farthis reesn ve reer oV = as the \ delault bamier*'_ W e will disass
belowvhonvthis banvieris determined in d@rattstructural modek - U nderthese
assumptias solutias to equatian 4 are ofthe fTorm,

BE)=AV i+ AN 2+ U

whare®; > 1 ad®, < 05 A ,A,,adl areastats whidimay be dasen
10 satisfy baundary aaditias- W e assume that es the \alle of the assets of
te m gowinde nitely lce, the \ale of the bad s tonard that of
deulerisk fiee papetial, i e,

@
.

The g te ot that®; > | weseetatA; =0 adU =< _The
saood wselul baundary anditian is that at the deultbaier,; thevalle ofthe
bad mustmatch that of the collateral 2 - In this case itcan be an med that

_a@vTiKDiE
- _

T his ampEtes the salutian Torthe \alLe of a perpetual bad in this ganeral
structural model assuming the defaultbarrier, V Zis knoan. Ifwe de ne

B@D=

As

Pa= G e)? )

we s thatthis solution is predsely in thefam gveninecpation @)-\ olethat
°2< 0 sothat) < Py< 1 _A sV goproadhesV “firam abowe, this prdosbi ity of
defaultgpproadhes unity- T hel eled and A ST madek are spaedal case of this
framenak whidh d@arwith respect 1o the assumptias made asbaut nenaal
distiess which willimply avariety of d®araitvalless ofV/ =

L eland [28 Jassumes that esset iquidatian is asstly and thatpartial kiquide-
tias of assets are not passibe. Furthermare, he Olbns B bd< and Cox [6]in
assuming thatt aontrectual ddot serdae is meadke thraudh issues of new eoLity.

— q_— —
Ospecicall, T = 05§ G2+ (G isy+ian 3 = 055 G2

Y% %2
i ) . 2r
=i D+ %




H e aasidars twopasibke sped catias ofFthe bankauptoy procsss - In ae Gase
he assumes thata networth coverant lbecs o the Iquidation ofFthe m when
the \alLe of the assets of the ™ &l O the \vale of the ddst when it wes
aigrally issued_H e \iens this Tomulatian as goprodmating the anrangement
sanetimes usad Tor rmvoling ines of asedit where the baroning anaunt ad
inasst iate are  >&d atinagptian. In the seaad, whidch he viens as a mae
plusibE madel of longterm daot, he assumes that dabt is protected anly by
the noasseesalke ovaait. | e presaitthis ee hare . earguss thatthe m
will pay aotractLal sernvice an autstending debt urti | the assetvale Bl o
the pantwhere thealle ofequiity is zaro A tthis pantte m is kquidated,
and the baxdholdars reE\e the ad Eble adbBteral H e makes the Turtherpara-

metricasumptias tat =0 ad K =0 .U nderthese assumptias he shons
that the Equidatian @uld) bamieris V= gven by the epressian,
- (a2
©

Vo= G+ 05%2)

' ote that this defultbarrier () is propartiaal to the aotrectLal debtser=
M@, ()is indgredait ofthe aumattale of the assets oftte M, Gii) doss
notdgpend vpan the margnal rieovery rate parameter |, and (V)is deaessing
in bwel ofvolti ity of sssets - Furthermare, note that in this fomulbtian the
shardholders do not defeult an the cotract unitil eouity &k 1O zexo atwhidh
pantthe m is qudated. In otherwads, in bankiuotoy thare are no devia-
tias fian absolute priaity of deims - T his feature of the madel is unrealistic.
A rnumber of studies have dooumated the Ectttat nendal distiess often re-
sults in deviatias from absdlLite priarity. |n partiaular, Chepterl! ofthel S .
bankauptoy aode seans toallowsubstantial deviatias in Bvorofamman stodk
G Fanks ad T aas [1 6 P- It remairs to be samn, honever, whether this fea-
ture of the madel undemines its wselubhess in predicing yields an logtam
apaake baxs or ms &rfian nenaal distiess -

I'tis passibke togararalize tel elad fieamenak o allovta apaitive cssh
payautrae, ,adfora >ad iqudation ast, K U ndarthese assumptias the
\ale ofthe bad is gven by eguatias 3 and 5 aboe-T he Iquidation barrier
is now,

o CP °2 _
TGy ®

A s in the Gse of the besicl eland maodel, the Equidation barrieris inde-
pendant of bankruptoy asts- T he reeson o this is essy to undarstand - Sinee
L elad assumes that equity hdldars reEe nothing fron the bankaupt 1,
he impliatly asssumes all bankiuyptoy asts (oath  >ed and margral) acate
badhddars - T harefare, the assetvalle attwhidh equity becomes worthless willl
be indgpaedatt ofF bankaruptoy asts.-

A nderson and Sudaresan [2 JargLe thatin aderto put the stuctural mad-
eling of capaate kisbi kties an solid foundatias the starting padntshauld be a
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sarias aosideratian of the bankauptoy regme ttatgpoplies tothe m W ade
ingin disaete time they shovhowva ganetheaeticmadel of nendal distiess
G be imbedded in framenarkk whidh reedi ly alllons \aluation of capaate ia-
bities Lsing standard tednigues. Il any static bankiuptoy madek praviasly
seen in the capaate nence Herature aauld be adgpted o this dynamic ss&
ting- T hey illstiate the tednigue with a partiaular madel whidh allons for
partial defeuls of the ddot aatract whidh do not riesultin the 'S Equida-
.- A ssuming that Equidation may invole a deedhndght Ioss for asditars,
ey pdnt aut that shareholdars may have an incative 1o behave strateg callly
in undar perfoming the ddot aatract even thouch avda bk cssh ° ons wauld
albw them to pay Ul serice. T hey show that this ature keck o deviatias
fian aosolute priaity- Spead clly, by undar perfoming tha r ddot aatracss,
shardholders are abke o inaeese efLity vales at the expase of redudng bad
vabes_ H onever, itis notahays passibke forsrardoldars ' nd a reductian
in debtthatbadholdars willagee 1o, inwhidh ase the i is Iquidatian By
assuming that ddot service must be met aut of aval BEbe eh ° owy, they showv
that same states ofthe warkd will resulitin faced iquidation oftbe T hus
tey sovtattte ashovrate, , hes asigil aitimpact an bad yieks
and indirectly upan Gpital structure and gotimal seaunty design

A ndersan, Sundaresan and T ydhan [37] ink this game thearetic analysis o
mare traditianal aattingent cam madeling by aasidaring the Imit of the
equiibrium in the disaete time game as the time step tads tonard zero. Far
the spedal cese dfpapetual bats when the ddbt service may be metetheraut
of czeh ° ons arfram new ety issUes, they shavv thatt the madel is a spedal
e of the madel aboe. T har fomulatian allons aly o >e&d bankauptoy
astand thus implidtly sssumes thatthe magnal rieoary raieis unit, L =1 -
A Honing insteed Tor general it can be shonn that the bad valles are gven
by equatias 3 and 5 above whare the defultbarrierisV .31 gven by,

ya s GO
ST EFES

T his defeult bamrieris inaessing in ¢ and Gan be shonn 1o be deaessing
in asset \oltilty, %° - H anever; uniike the defeult barvier foud by L elad,
we rdV, 3, is sasitive 1o the Equidation astparameters. Sped cally itis
deaesssing in the margnal remoary rate, || and inaessing in the deedhndght
Iquidation ast, K- T he econamic inempretation of this is that the greater
axstiness of iquidatian, the greateris the sharaholder abi ity 10 extract ddbot=
e anassias fion additos - T he aasaquanee of this Eature is that the
bad yiels Tor mms forwhidh kqguidatian is a vaery remoie pragpect may still
1€ ectasigni Gait pramium  anpasate o passibE partial reductias in
ddbt senvice. Belovwe eerootte e of i =1 as thed ST madel ad the
Gee of greral | a6 the generalized A ST madel-

IN his analysis ofperpetual caupan bads !l erton[32 Jassumes thatcatrac-

©
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twal dbtservice is met thraugh asset iiquidation and aatirues urtilsudh ime
that all sssets are exdastaed.- T his implies that the drift of the asset proaesss
is @V j O-FRurttarmare, in t&ams of the framenork ebove this conrespads
teae =0,u=0,K=10._T han he shons thatdefault prdocbi ity is gven
by,

o T 2% e @

vwhare j@Qis teggmmatunctian andll s the aat uanthypergsonetric
Tnction. || ofe that this Tamulatian assumes thatt assets may be quidated
freely ad that sudh partial Equidatias do notinvole a Ioss ofhvalle. T hese
assumptias may be faulied as bang caunter-ctLal: bad coaatts tpically
do restrict asset saks, and distriessed saks of assets may well ilvole a s
ofvalLe. W hike we view this aitidsm as impartatt,, it remairs passible that
I ertn'’s fomulatian migt be adaguate Tormadeling baxds of s farfran
" nandal distiess as wauld seam kely o the aase of most investmant grade
apaate badks - A s aresult, we tesst el ertn restriction belov.

Itis worth noting that trell erton Tomulbatian can be mad ed 1O resstrict
asset saks ad o albw Tor astly Iquidation- Fen and Sundaresan [1 4 Jshowv
thatthe gotimal payautpdicy inthell ertonmadelis zarodividends whenthere
is a covenantwhidh precludes assetsakes 1o Tund aogpans - U sing this resullt; in
A ppadix! weshovtattell ad edll et @ | ) madel valle ofthe bad
is:

=42V R 2r_i2
Pg :QCP 4 )2 | ér_2+ r_j2d@

A 1A 1 Germ®>
B! ! =%91; L

3
| @2+ 22

(jizzr %er 3/1122\/_ )g QO)
I Gz:2+ 5297 )

-IR| X
||%| <

I ote thatin the madi ed !l ertaon madel, the prdosbi ity of Equidatian de-
pends an the assts of iquidatian.-

W enovtum o thesstimation ofthebssicl ebd, A ST ,andll ertonmacek
wsing aut imeseries dataset.
4 Resuls
A sdisassedinsectian 2, weare intarssted o nd astebke reltiaship betinem
apaate yiels ad aur agpregate messuress of bverace and \voltilty. T he

structural madek of sectian 3 provice altermative Toms of this passibe el
taship-W e impEmentthan enpirically using the Tolloning estimable form,

Ve = .+ YCuArIGH D+ Ue
U = 1/Zul:il + 2%
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H erey; is the doserved marketyied forcaporate bads ratled BBB W e hae
Toausad an this rating categary because of the greater\vaiati ity ofB BB spreeds
reltive 1o hidaer gadke issues and because we expect that structure madek of
antinget daims are likely 1o be most uselul Tor reatively bner gade issues -
T hetunctian y Q) is the yield implied by the badvalle ,B ) calulaied using
ae of the structural madek from Sectian 2 ad is gven by the Taomulg, y =
@ =B . T hevariebks P  and &l are aurprodes tor bvaerage and assetvokti ity
T he >&d bankuptoy ast, K; the margnal moary rakg, |4, ad the ash ° owv
rale, , aeall ttaealed as aastats throughout the sampke- 4 B the madek of
sactiaon 3 treaied the debulehiee rale ss naostodestic. Inthissped catianwe
teat this ss acastatt, r-

A rumber of aasideratias ked s to indlice an additve astat, _, in
e madel. First, this may & ect a praniun for the iliguidity of capaate
bad maitets reltive 1o T ressuries . Seaad, itmay e ect a tax eRect, sine
imerest an T ressuiies is tax deductibe Tormany investars wheress interest an
aapadtss is not. Finally, ifthe sped catian ofy ¢) is biasad in same respect,
the additive astatt will conect Tor this- In the absenae of a madel of the
deteminants of iquidity, itwauld be dizzault to decaompcse agven estimate |
ofinto these separate eRects -

W ehavespad ed the ressiduak afthe yield equatian s Tolloninga Isekader
autaoegessive procsss - T his may Ggpture autoconelatiaon of yield spreecs not
madeld with aurprodes Tor bverage and esset\volti ity ematively, itmay
e ect autoconektion of iguidity pramia-

W eestimate the paramnetas , ;a;r;K;u; ; ad¥% by nonlinear ssksguares .-

T heresuls oftte sstimatss T thefullsampEe arepresaitied intte  1stpardl
of T abke2 _T heR souare statisticindicate thatthe tho endoganaus bankauptcy
madek  tthe data equally vell ad tat trell erton with a >ed bankauptoy
bamier s ratherkisswell. Inded, d+aulty ofthissped  catianis aboindicated
by the fctthat the parametars | ;aad rall sstimated with very berge stendard
anas.T he aly sigi caiteRactis found 1o be the autoregessive parameter,
.

In the i ST made all the paraneter estimates are sigi Gt T he pant
sstimatss of a;r;K; ad  are ecoaomically plusible; althaudh, the estimated
bankauptoy ast of 22% gppears an the hidh side- T he estimated valle of
is negative suggssting that this parameteris partially aavecting faran uonard
bizs ofthe) ST fam in this sampk- T he estimated autoegressive parameter
is 83_.W hikethis is rather Ess than the dosernad autoconeltion of the BB B
yiel spreecs; it sugests that the timesaries \ariatian of yield spreedcks is not
Tilly acoounted Tarby aurprodes for bverage and assstvolati Kty/-

T he paraneter estimaies of the Ll elad madel are all Sigy G T he ao-
etdattais estimated to be 91 whidh sugpgests that the L eland madel must
assume gppradmately thice the assetvolti ity s doss thed ST madelin ader
10 acoount for the \varatias doserved in the sample- T he estimated margrnal
reoay raeis 4 52% ofesssstvale, whidh is ecoamically implausible.
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In the stpael e ipat summary statistics Tor the spreacs calulaied
fian the madek basad an the Ullsampe- T he mean spreeds fran the estimated
madek are all doe 1o that doservad in the market imphing that the madek
are all ubissed - H onever;, the starndard deviatias of the estimated spreeds,
epadally Tortrell erton madel, exaaed thase oftte market spreed - T e tied
spreeck of the L eland madel have a simple conelation with the martket of 22 ;
whike that of the A ST madel is 13- T he gpreacs of te ll erton madel are
necatively aonelted witth the market.

T he plos of the market spreacs (§obbb) ad the tied spreed @om) are
presatedinFgures 1 -3 fartheh ST ,L elendandll ertonmaodeks respectinely_ In
Fourel weseetatattimes thed ST maddlis eble totradkmarketmovemeants
vary Well. A tothertimes the madel and the market drift widely gpart. T his
is partiaubrly gpparertin the midde of the sample, anespading o the erd
ofte 197 5 ad earty 1980 5. T he same ramark goplies 1 the L eland madel
Eiguae 2); althaudh, hare the oerall tis samenhat better then in thed ST
madel. Inthecse ofttell erton madel Figare 3) thare are enerpariccs when
the model trads the datawell.

0 verdll, these plots sugest the passibi ity of regme shifts whidh make it
hard tomaitdh the macek 1o the marketoerteatiresampke.\W einvestigate
this idea by splitting the sampke into 3 periacs with bregks a0 cadoer 197
@inddingwith amajarshiftin maetary pdicy in the U nited States) ad in
Jure! 984 bningapeariad ofracession and exdaptiaally hidh interest rates).-
T hemadekl were resstimated an these subbsamplles and the resullts are presaried
inTabk2, panek 2,3 ad4 _T hese resuls doindicate thiree distinctly di®@saent
pariacks. T he paramneter estimates of the madebk \ary sigil catly aacss the
peariack as doss thargoodness of ©

In the pariad A uget197 thraugh 0 cidber197R, thed ST madel & te
data best_ T he bankruptoy paraneters and the sh ° ov estimates are onaer
ten o the oerall sampk- In this madel the autaegessive parameter hes
Bl 1 56 suggssting that moamats of bverage and Vot ity are tradkiing
much of the doserved \variatian ofBB B yields within this periad- T hel elad
madel & the dala kss well, ad thell erton madel is sillworse.

D uring the periad fian | ovamber1 9 thraugh Jure 1984, all the madek
hae a had time of traddng the doserved movemants of capaate yiels. In
all the madeks, epadally thell erton maddl, the estimaled stendards enars are
bEge indicting that the madel parametars are notpredsely determined by the
dala.

Inthe ralsuosample Quly! 984-D ecamber 996 ), theendoganaus bankauptoy
madek perfom auite well. T he R -squares exassd 90 % , and the madel param-
eters are sstimated quite pradsely. Furthermare, the estimated autoregessive
parametars eouall 63, sothat bverage and volati ity are aoccounting formudh of
the doserved variatian oFBB B yields_ T hell erton model aatinues 1o perfam
poady during this subsample-

T he perfamance of the madeks is abo indicated in T eblke 3 whare summary
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statistics of the aloubEied yied spreacs are ampared with the dosernad yield
spreeck in the market. D uning the st ad st suosampks e L elard ad
A ST madek are hichly anelated with temarket. T he spreecs tied fiam the
Il erton model are farly highly aonelisd with the marketin the  1stsuosampke
butare necatively conrelated in the stsubbsampE- [N the intermediate sample,
all the madek are nacatinvely relaied 1o the market.

0 verdll these resuls sugsstthat the recenteRorts tomaodify the aantingernit
cdbBims madel 1o allow Tor the endagenas determinatian of the default barrier
besed an ecoamictundamatak have Ed toan improematofstructural mad-
eb_W esawinsectian 3 thatthe assumptias ofthel ST madel and thel elad
madelwere auite d@sant. In partiauker, thel ST madel albons Torthe passibi -
ity of ddbt renegpotiatias resultingin deviatias firan aosolute priarity/ Whereess
el eland madel doss not. D espite these di®renass of starting pants we taurd
thatthe madek ware Gy dosein thd rabi ties totradk doservad gerneric yviels
using agpracate proddes for bverage, asset Vot ity and the riskefiree rate.

In the estimates eboe we Tound evidence that the aastantdefeulefies rale
soed Gatian of the madel was o Isstrictve. W hen we brde the sanpk into
three separate pariacks we Taund the parameter estimates dnengsd substantiallly
ad in sane s e & improved aasidarably. It must be reaogiized that
the bregk pdnts of the sample whidh we dose were sanenhat arbitrary- T hus
we novinesticate avarsian ofthe madel with a timearying, defulefree rate
sed calian,

Ye=. + YC AT, D+ Ue
whare 1; is the 1 2 maith moving aserage of 30 year T reesury Yieks throuch
manth €. T his madel hes been estimated Torthe Tull sampke (/7. 4 2.06), ad
e resuls have been ripated in Tabke4 -

P arameter sstimatss of the madek are presaited in the st parel of the
toE. Itwill be noted that oarall goodness of  tis improvad by the introduc-
tion oftimearying defulefiee rates - T he perfamance ofttell ertonmadel is
partiaubrly improed. | o, its parameters are estimated guite predsely, ad
the autoconreltian of the residuak hes fllen © be in ine with that dotained
in the exdogaas bankauptoy madek - 1N this varsian the pdnt estimate of
bankauptoy asts inthel ST madelis abaut4% whidhis auite plasibke W ith
an estimated margnal remowery rate of95% thel elend madel implies very sim-
il bankiyptoy asts. Itis intaesting that in aaomparing the estimates of a
aatss macek we see that thell erton madel regLires the highest ek of esset
oHtiityto tthedala, thel ST reguiress the bnsstassetvoltibties, wnilethe
L elend madel is intermediate betinean the tho_ W e Gan albbo ampare estimates
of, aatss madek _H ereall the estimates are ofthe same sigh and same aderof
magnitude sugssting that the imenarying defeulEfiee ratke sped catian may
hae eiminated a saure ofFbiss encountterad in the previas sped Gatian-A s-
suming the resulting parameteris an estimate of the combined texand kquidity
pramia of caapaate bads, we see that tre ll erton madel estimatess these 1
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bel8l bp3, whikteyael6) bpSad!l5 bpSintel ebrdaxdh ST
madek respectively.

T he saaod parel of T ebke 4, presats the summary statistics an the alou-
BEted spreacs oer3) year T reesury B axs. Itis seen that all the madek are
ubiassd and have conparcble volti kties - T he conelation with the marketis
sonenathighaforthel ST madel then farthel eland model. Inthis spea -
i, trell erton madel attairs a aonelation thatis anly sigity warse then
the endogenaus bankruptoy madel.-

T he resuls afthe madeks with imevarying defultfiee rates areseen geph-
ially in Figures 4-6 _W hen aomparad o Figures 1 -3, itwilll be noted that the
madek now are abke 1o riaughly tradk the doserved spreeds thraughaut the en-
tire sampk. Visually, the & of all three maoek 1o the dosened spreacs are
gatesimibrtoae axther.) ppaaitly, the time saries \ariatias in the bwel
of defeult fiee rates enabkes the madek 10 tradk the spreaecs of capaate ratess
oer T reesuries indgpadanttly of the madek ™ abi kities to incaparate infbma-
o on\aatias of bverage and Vot ity Furthermare, itgopears that, anae
e imevarying delaulEfiee rate is Ean into acoount, the reltive supaerianity
of endagenas bankauptoy madek oar the >ed bankauptoy barvier madel is
diminished sonenhat.

Finally, we thinkitis intaxesting to study the implicatias of the madeks for
the prdosbi ity of defaulit and 1o try to aampare these 1o histarically doserved
defulthiequades.Spad Gy Toreadh setofparameter sstimatss and foreach
manth’s ambinatiaon of ieverace, ot Iity, and risk-fiee rate, we have simulated
byl ateCariol(0( patths ofthe assetprocsss oer2) years - Han thiswehae
alublied the frequacy that the maodel hits the madel’s defaultbarrierwithin
15,10,15,ad20 years. Itis intaresting to ampare these predictias with his-
taical eeriaxe.R ecatly, il ocady'’s hes published the resuls of an extansive
study of defaultrates fram 1920 thraudgh 1996 [337]T he bendmark produced by
the madel estimates are notdirectly aomparebke tohistarical  guress sinee they
are alulied an the basis of the riskknaeutral praoebi ities - T he caboulatian of
amparcble prdosbi ities waul recuire knonkedoe of the assetdrift paraneter,
1:W e hae goprodmated this by assuming that this drift e ects a aastant
riskpremium, £, overthe riskefiee rate so tha the driftin manth tis calbulbaied
3B, Te=Rt+ .

In gure 7, the resuls of the simulatias of the d ST madel estimated as-
suming imenarying delultefice ratss ae reparted for: = 5% and+ = 0%
@ &, te nisk neutral ase)- In the same  gure, we plot the histarical | Jyear
amubtive defeult prdosbi ities reparted Torbads withll cody's rating of B aa
atl =) [33] In the e ofFazaro risk pramium thed ST madel implies defaule
prdosbi kties Wwhidh geatly exaasad the historical dosenatias.- H onever;, with
pasitive riskpramia the madel implies loner defeult prdocbiities . W e see that
assuming ab% risk premium results in default prdosbi kities whidh are ressan-
ablydoetOtel ady’s gues.H oneer, the tis cartainly notperfect. T he
A ST default prdosbilities are to high atl -5 years and too bwat2) years.
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Stated othewise, tied prdocbi kies of defeult aaditiaal an nodelultpriar
105 years are 1o lw aompared 1o histarical eerienceD elilanedis ad 6 eske
[97in a reant pgper hae uised el aton [32]Jad ¢ eske [L 8 madek to ex-
tract risk-neutral default prdosbiities - Sudh an gppraadh can keed potantiallly
10 better estimates of the prdosbi ity of rating migratias and defaults -

Finally, s a further aamparisan with historical doseratias we may note
that, e.en thouch they alloviarastly bankauptoy, el ST andl eland macek
are notattirely satistectary in that they imply that recoery rates an defaulied
badks are aute high reltie to actal epaiance. Fareampk, A man ad
Kishae [l Jrepattat the reoery rates an investmant gracke issues of ssniar
usaaured ddot are 48% of prindpal. In aresstthe tied A ST ad L elad
madek imply aerage moery rates sanenhatoer9) % -

5 ConbL=on

0 verall, these enpirical resuls are farly exaauraging o the pragpects of m-
\alle-basad structural maodek of antingait caims as the beasis Tor studying
the pridng of axpaate bads. Il st of the movemeants dxservad in historical
times series ofyields an gaeric aapaate bads can be acoounted Torin stiuc-
twral madek wising prodes Tor berage ad asset ot ity daived fram the
FbwvofFFuNds A aoounts and the stodk market T he results sugesst that recarnic
mad catias oy A ndassan/Sundaresan ad L elad )of the aotingaitcdlaims
mackek o allowvforendaganos defultbanias hae sigi antly improed the
perfomance of the madeks -

T his study is eplatay in nature, and there are dearly many interesting
arees T furtherenpirical wak with structural moadekk - 0 uranalysis hes been
simpl ed by theassumptian thattthe bacs are perpetual caupan bads withaut
all Balurss and that the anly uderbing state \ariabks is the \valle of the
asets ofFthe . T his hes alloned us 10 use cdlosedHiam eqressian o the
\alLe of the badks . Bven wsing Bstriumarical tedniques itwauld have been
ary ditault t cany aut the huge rumber of bad valbatias involhed in the
noniinear igessias ([ abkess | -3)withaut making this assumptian.- P rdoebly,
the assumptian ofFan in Nite harizan hes bean Eirly innoauas -4 s adedkwe
wsed aur paraneter sstimates of the A ST madel to rumerically calboubte the
anespadingbadyiels Torall yearbad-T he resulting time sevies ofyieks
o3l 7 mantts wes virtLally idertical to thase we have presated in the paper-

A mag the aaues whidh gopear relatively mare impartant to be eploed
arethe incopaation ofastodestic riskefiee term structureinamadelwth en-
dagenacs bankruptoy barvier;, mare carelul madeling of the Equidity premium,
ad goplicatian tosped cbad issues Lsing M gped ¢ messuress of berace
ad asset\voHti ity
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6 Apperi ix1l: Dervatono®: ereralkel N er-
tonll od el

W eprchibitassetsalks inthell erton model ad introduce aesh ° ovaoenant
whidh says et the m is Iquidated when the ash ° avgaerated is insuds-
datito pay the aatractal coupan -T his mad catian kecs o the implicatian
that the gotimal dividad payaut policy is to pay no dvidaks. Gee Fen ad
Sundaresan)-

6 iven this gotimal payaut coditian, we knowv thatt the riskeneutral stodes-
ticproess olloned by the M5 assets is

d =@V joxk+ Vi )
T hen, the Tundamental valuation equatian is:
%%szDVV + @ jODy jr+ c=0:
Derel =2¢%% ,R =2r%2 adD{ )=S+1 el hg ).
LetG ¢ D=1 Rel hg ).
T his reduass o Kummer’s ecuation:
Ih; +Q+R il i2h=0
whidh hes general solutian of the form
Cil @2+ R3I D+ Col ¥ € §R;IRZD
whare C; ad C, are arstais 1o be determined by the baundary acoditias.-
T harefore, by teprpartyeidl @;b2)=I ©ja;lg j2)oftthehypergaometric
nction,
DY) = _‘r:+ CLQGHAY T @iV 2+ 21925 12652V )
+Co@V=2]) (il;i2r%?V; j26%2V )
W e use thobandary aaditias:

1.WhenV gstol,

DY g OE.

T his requires et C, =0 -

2.WhanV gsts,

DEDIges( i®)y iK

U sing these baundary anditians, we get

« . . )
b o 151 reaed, Kkt T @ iy
o T Gr ¢ @&+
@
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where j@is tregagmmafundian andll (@G is the aat uathypergsonetric
Unctiaon. D dstvale ad the tolal  m \alLe are both maxmized by doosing
minimum payaJt.
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Table 1. Descriptive Statistics, 30-year, Risky Yields and Spreads over Treasuries; 8/70-12/96

Mean St. Dev.  Min Max AR-1 AR-2 AR-3 AR-12
Y aaa 0.0938 0.0213 0.0665 0.1650 0.9818 0.9608 0.9404 0.7730
Ya 0.0991 0.0232 0.0700 0.1763 0.9826 0.9638 0.9451 0.7829

Y bbb 0.1051 0.0246 0.0725 0.1850 0.9831 0.9647 0.9455 0.7587
Spaaa 0.0071 0.0036 -0.0005  0.0193 0.9027 0.8629 0.8229 0.5116
Spa 0.0124 0.0048 0.0030 0.0259 0.9165 0.8811 0.8444 0.4608
Spbbb 0.0184 0.0070 0.0081 0.0375 0.9386 0.8988 0.8546 0.3667




Table 2: Estimation Results

Perpetual Modd s with Constant Implied Default-free Rate

a K | b q r r R
Full
Sample
Merton 0.34 -0.04 0.14 0.90 0.69
937803 17980 17962 0.02
AST 0.45 0.22 -0.09 0.19 0.17 0.83 0.82
0.09 0.04 0.03 0.04 0.04 0.03
Leland 0.91 0.07 -1.52 0.01 0.81 0.82
0.09 0.003 0.09 0.001 0.03
(8/70
-10/ 79)
Merton 0.30 -0.04 0.09 0.76 0.59
525368 2320.03 2317.71 0.07
AST 111 0.08 -.05 0.16 0.12 0.56 0.85
0.61 0.38 0.08 0.15 0.08 0.08
Leland 0.91 0.07 -1.52 0.01 0.81 0.82
0.09 0.003 0.09 0.001 0.03
(11/79-
6/ 84)
Merton 0.30 0.03 0.12 0.78 0.59
768810 18606 18588 0.08
AST 0.17 0.03 -0.15 0.30 0.29 0.82 0.62
0.34 0.25 1.35 1.42 1.35 0.08
Leland 0.60 0.06 0.77 0.08 0.82 0.62
2.12 0.66 2.06 0.66 0.08
(7/84-
12/ 96)
Merton 0.30 0.00 0.09 0.77 0.61
549929 2138.07 213593 0.06
AST 0.38 0.25 -0.04 0.13 0.11 0.63 0.90
0.06 0.05 0.02 0.02 0.02 0.07
Leland 0.77 0.07 -1.60 0.00 0.63 0.91
0.06 0.002 0.06 0.0004 0.07

Standard Errors are given below parameter estimates.




Table 3: Descriptive Statistics, Fitted Spreads, Constant Default-Free Rate Model's

Spreads
over
Treasuries,
Market and
Fitted

Mean Standard Corrdation  1st Quartile  Median 3rd Quartile

Deviation with Market

Full Sample
Market 0.0184 0.007 1.0 0.0125 0.0172 0.0227
Merton 0.0185 0.011 -0.09 0.0126 0.0199 0.0259
AST 0.0186 0.009 0.13 0.0134 0.0182 0.0237
Leland 0.0185 0.009 0.22 0.0128 0.0176 0.0245
(8/70-
10/79)
Market 0.0183 0.008 1.0 0.0112 0.0159 0.0242
Merton 0.0184 0.0083 0.582 0.0114 0.0169 0.0253
AST 0.0183 0.0080 0.845 0.0121 0.0156 0.0230
Leland 0.0183 0.0080 0.845 0.0120 0.0157 0.0233
av79-
6/84)
Market 0.0232 0.0064 1.0 0.01788 0.0229 0.0281
Merton 0.0229 0.0076 -0.205 0.01862 0.0220 0.0266
AST 0.0228 0.0072 -0.169 0.01696 0.0229 0.0274
Leland 0.0228 0.0074 -0.139 0.01774 0.0231 0.0280
(7/84-
12/96)
Market 0.0162 0.0043 1.0 0.0126 0.01525 0.0195
Merton 0.0164 0.0061 -0.145 0.01326 0.01657 0.0198
AST 0.0162 0.0054 0.686 0.01231 0.01517 0.0188
Leland 0.0162 0.0052 0.694 0.01250 0.01562 0.0189




Table 4: Perpetual Modelswith Time-varying Default-free Rate
7/71-12/96

Parameter
Estimates
a K [ b q r R?
Full
Sample
Merton 0.907 0.018 0.741 0.931
0.100 0.001 0.039
AST 0.545 0.041 0.015 0.068 0.753 0.933
0.099 0.013 0.002 0.019 0.038
Leland 0.801 0.016 0.948 0.756 0.933
0.104 0.001 0.034 0.038
Spreads
over
Treasuries
Mean Standard  Corrdation 1st Median  3rd Quartile
Deviation with Quartile
Market
Market 0.018 0.007 1 0.0125 0.0169 0.0216
Merton 0.018 0.006 0.479 0.0139 0.0175 0.0217
AST 0.018 0.006 0.522 0.0136 0.0168 0.0219
Leland 0.018 0.006 0.517 0.0135 0.0171 0.0218
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Figure 1: AST Perpetual Analysis for 8/70-12/96

-0.01
0

50

100

spm

spbbb

150

month

200

250

300

350



yield

Figure 2: Leland Perpetual Analysis for 8/70-12/96
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Figure 3: Merton Perpetual Analysis for 8/70-12/96
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Figure 4: AST Perpetual Analysis for 7/71-12/96
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Figure 5: Leland Perpetual Analysis for 7/71-12/96
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Figure 6: Merton Perpetual Analysis for 7/71-12/96
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Probability of Default

Figure 7: Implied Default Probabilities
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