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Abstract

We investigate the term structure of credit spreadsand credit default
swaps for di®erert rating categories. It is well-known quite that for issuers
with lower credit quality higher spreads can be obsered in the market
and vice versa. However, empirical results on spreadsfor bonds with the
samerating but di®erert maturities are rather controversial. We provide
empirical results on the term structure of credit spreadsbasedon a large
sample of Eurobonds and domestic bonds from EWU{coun tries. Further
we investigate maturit y e®ectson credit default swaps and compare the
results to those of corporate bonds. We 'nd that for both instruments a
positive relationship betweenmaturit y and spreadscould be observed for
investmert grade debt. For speculative grade debt the results are rather
ambiguous. We also nd that spreadsfor the samerating classand same
maturit y exhibit very high variation.
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1 Intro duction

Investing in bond markets always bearsthe potential risk of the lossof interest
rate or principal payments, due to the fact that the issuerof the bond might not
be able to meet his obligations. The probability of this scenarioa®ectsinvest-
ment decisionsfor all market participants. Furthermore for individual "nancial
cortracts, like bank loans, potential lendersuseit asone factor determining the
cortract speci cations with respect to interest and maturity. Another aspect
of credit risk is its meaning for the determination of the capital requiremert
for banks. The regulatory framework, set by the Bank for International Settle-
mernts (BIS), is revisedcurrently. Initiated by the Basel Committee on Banking
Supervision in 1999it becameknown as \Basel{l I", whereasthe most recert
versiontitled \In ternational Convergenceof Capital Measuremen and Capital
Standards: a Revised Framework” (0) has been published in June 2004. One
major novelty is the fact, that under certain restrictions banks are allowed to
determine their capital requiremert basedon internal rating systems. All these
aspects lead to the necessiy of the developmert of reliable credit risk models,
which support various decision{makers in the estimation and managemen of
credit risk aswell asin the pricing of nancial instruments dealing with credit
risk.

The main focus of the preser paper is not the pricing of assetssubject to
credit risk, but are theoretical implications and empirical evidence regarding
credit spreads. The credit spreadis de ned to be the additional amourt of
interest payed by a risky assetover the yield of a risk{free investmert. In this
context the term risky represerts the credit risk, to which the assetis exposed
through the probability of the issuernot being ableto meethis obligations. This
inabilit y of meeting the obligation can be causedby insolvency, bankruptcy and
further reasonsleading to a delay or loss of promised payments and is referred
to asthe default of the obligor.

An interesting questionis now, how the credit spreadbehavesdepending on
di®erert factors. It is quite obvious, that for issuersexposedto a lower credit
risk, i.e. the probability of default being lessthan for other issuers,the credit
spreadwill be lower. But what kind of behavior for the credit spreadswould be
expectedwith varying maturit y of the exposure,holding credit quality constart?

The answer to this question still seemsto be cortroversial. Someempirical
studies and obsenations result in a split behavior of credit spreads. They pre-
sume,that for high{grade bondsthe credit spreadsincreasewith maturity asfor
low{grade bondsthey decreaseresulting in a downward{sloping risk structure.
A brief summary of empirical studies can be found in section 3.1.

At a rst glancethe split behavior of credit spreadsappearsto be courter-
intuitiv e, but an early approac to explain this e®ecthas been undertaken by
Johnson (0) and has becomeknown as the \crisis{at{maturit y{hypothesis". It
is argued, that speculative{grade companieswith low credit quality, in his con-
text identi ed asthose having a high leverage{ratio, may face sewere problems
of re nancing astheir short term debt matures. In consequencehe risk of not
being able to meet the obligations and thus the probability of default in the



short term is quite high. Once those companieshave overcometheir problems
and survived a certain period of time without a default, they facea lower risk in
the long run. For currently large and solid rms, the outlook in the short term
is very stable with a low risk of default, whereasthe forecast of credit quality
over longer periods is lesscertain.

Is such a behavior reproducible by theoretical pricing models and can em-
pirical evidencefrom market prices be found supporting these considerations?
These questions are now examined, where the structure of the paper can be
outlined as follows: First a few basic credit risk models and their implications
for the term structure of credit spreadsinherent in the individual model set-
ting are preseried in chapter 2. Although empirical work is very limited in
this "eld, three former studies dealing with maturity e®ectsof credit spreads
are covered in chapter 3. Subsequetly own empirical results basedon a large
sampleof Eurobondsdenominatedin and domesticbondsfrom EWU{coun tries
are preserted.

The importance of questionsconcerningthe measuremet, hedgingand trad-
ing of credit risk has provided the foundation for a strong developmen of the
market for credit derivatives. After intro ducing this market and the main prod-
ucts, another empirical analysisis focussingon credit default swaps. This deriva-
tive instrument is designedto extract and transfer the pure default risk of a
certain obligor and thus a strong relation to the default risk expressedn bond
spreadsis given. Therefore the presumedmaturity e®ectsare expected to ap-
pear in the market for credit default swaps as well. Chapter 4 examinesthis
question and is followed by a conclusion of the preserted work.

2 Credit Risk Mo dels and their Implications for
the Credit Spread

2.1 Structural Approac h
2.1.1 Merton{Mo del

Based on the equilibrium theory of option pricing, dewveloped by Black and
Sdcholes (0), Merton has builded up a pricing theory for corporate liabilities
in general (0). The main idea behind his proceedingis the interpretation of
corporate liabilities as options on the rm value.

Two basic ideas are building the badkground of Merton's model. First the
default of a rm is determined by its value and is thus to a certain degreea
foreseeableevert. And secondthe event of default occurs, if the value of the
“rms assetsV falls below the outstanding debt B.

Valuation of equity is carried out by applying the solution for the valuation
of a European call option developed by Black and Scholes. Consideringthe con-
nection of equity and liabilities by the accourting identit y of the balancesheet,
the value of the debt issuecan be obtained and by furthermore using corntin uous
compounding and incorporating the yield to maturity y(t; T), a represenation



for the credit spreadis derived as
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Now y(t; T) i r expresseghe additional interest, which is payed by the risky
issue compared to the riskless rate of interest r, the so called credit spread.
The right side of equation (2.1) can be usedto analyzethe dependenciesof the
structure of credit spreadsaccordingto seweral factors.

Analyzing the e®ectof time to maturity T j t Merton highlights, that the
changein the credit spreadcan be either sign, depending on d, which is referred
to as the \quasi“{debt{to{ rm{v alue ratio. This terminology is justi ed, be-
causethe debt is discourted at the risk{free rate of interest and therefore d is
an upper bound for the true (market) debt{to{ rm value ratio. He shows, that
for d, 1 the changeof the premium will be negative, for d < 1 it will be rst
positive, than negative, resulting in a so{called hump{shaped graph.

In two following notes, rst Lee(0) and later Pitts and Selby (0) re ned espe-
cially the graphical depiction of thesedependenciesyremoving someinaccuracies
incorporated in Merton's paper. Despite this using the \quasi"{debt{to{ rm{
value ratio d as an indicator for credit quality, a split behavior in terms of the
relationship betweencredit spreadsand maturity is derived.

2.2 Reduced{F orm Mo dels

Reduced{form models are following an ertirely di®erernt approad, modelling
the default of a compary as a rather unpredictable evert. They do not rely
on the value of the 'rm as an explanatory variable, but use external processes
to represen occurring defaults. They use external ratings as one of the main
sourcesof information, namely as the factor distinguishing the issuers with
respect to credit quality.

2.2.1 Fons (1994)

In 1994 Jerome S. Fons published an article (0) addressingthe term structure
of credit spreads,which can be seenas one of the "rst reduced{form models.
The only source of information included in the model are historical default
probabilities, rating information and an estimate for the recovery rate. The
recovery rate ! expresseshe perceriage of the exposure, which the investors
can expect to receiw in the caseof default.



The cumulativ e probability cpd of default for a speci ¢ rating category R
and a time horizon of t yearsre°ects the probability, that an issuedefaults up
to yeart after holding the rating R. The marginal default probability mpd in
yeart after holding credit rating R is de ned to be the di®erencein cumulative
probabilities of yeart andtj 1. The forward probability of default f pd is now
de ned asthe probability of defaulting in yeart after holding the rating, given
that default has not occurred up to time t j 1 and can therefore be identi ed
asa conditional probability of default. By verifying, that all those probabilities
are equal for t = 1 they can be mapped to ead other in the following way:

mpdr(t) = cpck(t)j cpck(ti 1)
_ dR t
fpde(t) = T oiis

To simplify the represeniation in subsequenh formulas, the cumulativ e sur-
vival rate should be introduced, calculated simply asSg(t) = 1j cpdk(t).

Now this data is usedto dewelop a model for corporate bond pricing and
for explaining obsenable credit spreads. The original version of Fons' model is
transferred to the world of discourt bonds, i.e. bonds not paying a periodical
coupon. Furthermore using contin uous compounding, a simple presenation of
the credit spreadcan be obtained.

The price for a security exposedto default risk, including the credit spread
S, can be expressedas

B(0;T) = Bel (F*9T: (2.2)

On the other hand the assumption of risk{neutral investors leads to the
price being the expected value of the payo®sreceived from the asset. As the
only payo® of a zero{coupon bond takes place at maturity, for every point of
time t < T only the caseof default with the recoveredfraction of the face value
B hasto beincorporated. Togetherwith the notation for the di®erent default
and survival probabilities as introduced above, the credit spreads can now be
obtained as

3 Nd ’
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In the next step the term{structure, i.e. the behavior of the spread with
respect to di®erert maturities, canbe analyzed. Fonsappliesa constart recovery
rate of * = 48:38%,the long term averagefor seniorunsecuredissuesasreported
by Moody's and the risklessrates are obtained by tting a regressionmodel to
the U.S. Treasury schedule of Septenber 30, 1993.

As aresult of the spreadcalculation accordingto his model, Fonsdiscoversan
almost strictly upward slope for the credit spreadsfor bondsin investmert{grade
classes.The so{called hump{shaped behavior, which already was proposedby
the model of Merton, can be obsened for the rating BB. Credit spreadsare
increasingup to a maturity of 5 yearsand decreaseafterwards. For the rating
classB a strictly downward slope has beencalculated.



Now that the model provided us with results supporting the split behavior
of the term structure of credit spreads,the question is, how this evidencecan
be found in spreadsobsenable at the market and how good market spreads
are estimated by the model. For the referencedate of Septenber 30th, 1993
the examination of yields of roughly 2850 U.S. corporate bonds provided the
following results:

2 For rating classAAA no systematic changein credit spreadswith increas-
ing maturity can be obsened.

2 For rating classesAA and A a signi cant positive slope coexcient for the
regressioncan be found, which meansthat in theserating classeghe credit
spreadrises as maturit y increases. Even though the e®ectis a little less
strong, for rating classBBB this positive relationship betweenspreadand
maturity can be identi ed aswell.

2 Although regressionprovides a negative slope coexcient for rating class
BB, the required signi cance is not assured.

2 Finally for rating classB the plot indicates a negative spread{maturity
relationship, supported by a signi cant negative slope coetcient of the
corresponding regression.

Comparing the theoretical results with the market spreadit hasto be men-
tioned, that spreadsreceived from the pricing equation are basically and essen-
tially lower than market spreads. This is in particular true for investmert{grade
rating classeswhereascalculated spreadsin the speculative{grade classeanore
closely t obsenable market spreads.

Neverthelessit is remarkable that Fonsis able to explain the structure of the
credit spreadsfor the referencedate with this basicmodel, using only a recovery
rate estimate, rating information and historical default probabilities.

2.2.2 Jarrow, Lando, Turnbull (1997)

The model developed by Jarro, Lando and Turnbull (0) in 1997belongsto the
classof intensity models and incorporatesthe probabilities of rating transitions
into the valuation process.Markets are assumedto be complete and free of ar-
bitrage opportunities and the processof rating transitions and interest rates are
independert under the martingale measureQ. The time{homogeneity of the
transition matrix is imposed and default times are exponertially distributed
with parameter , . This assumption leadsto the default being the “rst occur-
rence of a homogeneoudPoisson{processwith time{indep endert intensity , .
Furthermore the default intensity , becomesexplicitly dependert upon the
credit rating of the issue. For the represenation of changesin credit qual-
ity through probabilities of rating changesa time{homogenous Markov chain
is chosen. In the discrete time case,the one period transition matrix Q con-
tains the transition probabilities betweenthe possiblestates. Market prices are
usedto extract time{ and state{dependen risk premia, which in the next step



transform the matrix of transition probabilities to time{dep endert risk{neutral
matrices Qi +1 . They are usedto calculate default and survival probabilities
for all maturities.

An expressionfor the credit spreadin terms of the spot rates, depending on
the recovery rate t and the martingale rating transition probabilities is obtained
as

Repy . pOy — [ . ¢
re@@)i r)=jqlog 1i (i Yeax (Lt+1) (2.4)

Following a comparable argumertation, the corresponding results can be
elaborated for the cortinuoustime case. Referto (0) for a detailed description
of the proceeding.

In the empirical part of the paper survival probabilities and spreadsun-
der risk neutrality are preseried and analyzed. Risk neutrality in this context
means, that the empirical transition probabilities are used for pricing and no
adjustment by the use of any risk premium is undertaken. Furthermore the
recovery rate is set to zero, thus allowing another interpretation of the credit
spread as a hazard rate. The hazard rate ik (t) is the default rate at time t
of an issuerrated i at time 0, which has not defaulted up to time t. From the
results preserted in the article, a few important e®ectscan be obsened. For
issuesrated AAA, AA or A, a strictly upward sloping credit spread curve is
derived. Within a time horizon of 30 years, BBB rated issuesare the rst, for
which a hump{shaped curve is obtained. While BB rated issuesare shawving a
comparable behavior, the curve for classB decreasesstarting with the second
year. Finally for rating classCCC a strictly negative spread{maturity relation-
ship can be obsened. The extraordinary high spreadsin the subinvestmert
categoriesand the fact, that the spread curve for class CCC ewen falls belov
the curve for classB imply inconsistencies. Neverthelessthis model is able to
generatethe split behavior of credit spreadswith respect to maturity as well.

Starting from the basicconceptsintro ducedin the reduced{form models, the
developmert of this model classis still going ond.

3 Evidence from the Bond Mark ets

3.1 Former Empirical Studies

Having laid the theoretical foundations for the analysis of maturity e®ectsin
credit spreads,a few empirical studies should be preseried.

The empirical study of Sarig and Warga (0) investigatesthe term structure
of credit spreadsfor a set of pure discourt{b onds and discusseghe "ndings in
relation to the theoretical behavior suggestedn the rm value approach by Mer-
ton (0). The sample covers the time period from February 1985to Septenber
1987 and consists of 137 corporate zero{bonds, issuedby 42 di®erert compa-
nies. The averageof yield spreadsfor the bondsin a given month is calculated

3For a detailed survey of standard reduced{form and structural credit risk models and
their extensions refer to (0)



and afterwards averagedacrosstime. The authors retrieve a downward{sloping

term structure of credit spreadsfor bondsrated B or C, a hump{shaped behav-

ior for rating classBB and an upward{slope for the investmert grade classes.
Theseresults are now comparedwith the theoretical behavior of credit spreads
accordingto the structural model by Merton and are interpreted asa con rma-

tion. To apply the argumertation proposedin the theoretical model, a negative
correlation between rating and \quasi"{debt{to{rm{v alue ratio d has to be
assumed.

Another study, providing a di®erer thesis regarding maturity e®ectsin
credit spreads,was conducted by Helwegeand Turner in 1998. The argumerta-
tion of Helwegeand Turner (0) is basedon an assumedselectionbias, ewlving
from the fact, that issuerswith the samecredit rating are treated equally. They
arguethat, especially for the subinvestmert{grade classesgcredit quality within
one rating classvaries signi cantly. Assuming, that the more creditworthy is-
suerswithin onerating classtend to issuedebt with longer maturities, the credit
yield curve will be biaseddownward for this rating category.

The sampleincludes 64 straight public U.S. subinvestmert{grade bond o®er-
ings and 163 bonds from 1977to 1994, ranked equally in the priorit y structure.
Only sofcalled\matc hed cases",that is groups of bonds from the sameobligor,
issuedon the sameday are examined. In the “rst step of the analysis, for every
single issuer the credit spread of the bonds issuedat the sameday, is exam-
ined. Regardlessof the absolute di®erenceof the spreador of the maturity it
is obsened, if the spreadrises or decreaseswith maturity. While 77 % of the
matches are strictly upward sloping, the positive spread{maturity relation for
the subinvestmert{grade classesis supported by the nonparametric Wilcoxon
signedrank test as well asthe t-test.

One further study dealing with credit spreadsand credit quality as their
only explaining factor is a publication of Je®reyBohn (0). Covering the time
period betweenJune 1992 and January 1999 data from more the 24000bonds
denominated in U.S.{$ and more than 1700issuersresults in a sample size of
almost 6000000bsenations.

The key di®erencein the proceedingof Bohn is the classi cation of issues
according to credit quality. While usually the credit rating is usedto group
issueswith comparablecredit quality, Bohn additionally usesthe ExpectedDe-
fault Frequency This measurefor the probability of default over a specic
time horizon is provided by KMV corporation and can be seenas one practical
implemertation of a structural rm value model in the spirit of Merton. The
one{year EDF as well as the geometric mean of all oneto "ve year EDF's is
usedto classify the issuesaccording to credit quality. One major advantage of
EDF's instead of credit ratings is the fact, that they can be calculated for each
date of the sample period. Therefore they re°ect current credit quality more
preciselythan credit ratings, which are adjusted not that frequert.

Bohn choosesa special way to deal with the question of maturity of the as-
sets. He doesnot group issuesaccordingto equal maturity, but usesMacaulay
duration asa measurefor classi cation. By calculating the cash{weighted aver-
age time{to{maturit y the coupon e®ectis incorporated and thus duration can



Time Horizon [years]
Rating 1 2 3 4 5 6 7 8 9 10
AAA 0.00 0.00 0.04 0.03 0.05| 0.09 | 0.10 | 0.18 | 0.07 | 0.07
AA 0.01 0.03 0.07 0.09 0.13 | 0.15 | 0.20 | 0.17 | 0.15 | 0.18
A 0.05 0.10 0.15 0.20 0.25 | 0.26 | 0.28 | 0.26 | 0.34 | 0.33
BBB 0.37 0.69 0.75 1.06 1.03 | 1.03| 0.87| 081 | 0.74 | 0.96
BB 1.45 2.97 3.76 3.71 345 | 3.73 | 3.15 | 2.86 | 3.06 | 2.45
B 6.59 9.04 8.74 7.75 6.36 | 5.81 | 559 | 5,52 | 3.91 | 4.38
CcCC 34.14 | 15.08 | 11.57 | 10.33 | 12.85 | 6.68 2.8 | 1.83 | 9.30 | 8.59

Table 1: Averageforward default rates [%] 1981{ 2003

be usedto form homogeneougroups of bonds. Using data from June 1992to
January 1999, monthly mediansof credit spreadsfor eat maturit y bucket and
credit quality classare calculated and averagedacrosstime. The spreadcurves
generatedfrom this analysis showv a comparable behavior to those presered by
Sarig and Warga (0): A positive slope for the investmen{grade classesand a
hump{shaped or downward{sloping term structure for issuesof currently low
credit quality. Eventhough the sampleincludesa large number of obsenations,
a few anomalieslike the crossingof spread curvesrepresening di®erert credit
quality, can be obsened. This e®ectbecomesexceedinglyevidert in the case
where a snapshotat a speci ¢ point of time is examined.

Re’ecting the results of the former studies, in particular the cortroversial
obsenations and the overall heterogeneiy of data, the question might arise, if
default risk is really the main factor determining the credit spread of an issue.
Liquidit y, tax e®ectsand market risk factors may have signi cant in°uence on
spreads. Those questionsare examinedin an empirical study of Delianedis and
Gesle (0) aswell as by Elton, Gruber, Agrawal and Mann (0). Both conclude,
that especially in the investmert{grade rating classesdefault risk is outweighed
by those factors, whereaswith a decline in credit quality the cortribution of
default risk to the credit spreadrises.

3.2 Empirical Results for the Term Structure of Bond
Spreads

3.2.1 A First Glance at Conditional Probabilities of Default

After discussingthe theoretical badkground, models from di®eren classesdeal-
ing with credit risk and the preseration of former empirical studies, sewral
proprietary results should be outlined. In the rst step historical default rates
asreported by rating agenciesare examined. The sourceof data for the analysis
in this stepis a publication from Standard & Poor's (0), where cumulativ e av-
eragedefault rates are provided, covering the time period 1981to 2003. Based
on theserates, the average forward default rates are calculated and presened
in table 1.



A graphical represenation of the behavior of forward{p d's with respect to
the time horizon is givenin "gures 1 and 2.
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Figure 1. Forward-pd's for investmert{grade rating classes

For the three rating categoriesAAA, AA and A an obvious increaseof the
forward{p d canbe determined, whereasfor rating classBBB, BB and B a hump{
shaped progressioncan be obsened. For issuesrated CCC the shape of the term
structure is decreasingfrom the rst year. The split behavior of forward{p d's,
which is suggestedby the considerationsof the \crisis{at{maturit y{hypothesis"
canbeidenti ed. This canbe seenasa rst indication for credit spreadsbehav-
ing in a similar manner, which should be investigated in the following chapter.

3.2.2 Description of the Bond Sample

The Reuters Eurobond pagesand the national pagesfrom EWU courtries were
the main source of information, where only issuesdenominated in have been
extracted. The unique identi er for ead assetwas the International Securities
Identi cation Number (ISIN). One internal databaseof a major German bank,
including a comprehensie sample of about 800 {denominated bond issues,a
publication of JPMorgan (0) and the seart function of onvista* have beenused
to obtain additional assetsby extracting their ISIN. In the next step static
information like coupon, coupon frequency maturit y, optional features, rating
and seweral further characteristic attributes have been extracted from Reuters
as well as from Bloomberg. This data has then been cross{thedked to elimi-
nate erroneousinformation. After eliminating all °oating rate notes, a set of

4http://anleihen.on  vista.de/suc he-vergleich/un ternenmen.html
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Figure 2: Forward-pd's for subinvestmert{grade rating classes

2400bonds remained, for which historical price and yield information hasbeen
obtained from Bloomberg. Comparable to the former studies and to assure
suxcient quartity of data especially for longer maturities, issueswith a time
to maturity between 0.5 and 10.5 years were included in the evaluation. Fur-
thermore this assuresan equal length of ead time interval while grouping the
assetsto integer maturit y ranges. Subsequetly the sample has beenrestricted
to bonds paying annual, constart coupon rates. Likewiseall issuesincorporat-
ing any kind of optional feature like callability, putabilit y or convertibilit y have
been excluded from further resear®i. Depending on the availability of a price
and yield information for the desiredreferencedate, approximately 2000bonds
are available for examination.

3.2.3 Risk{F ree Term Structure and Spread Calculation

The yields of Germanand French governmert securities,provided by Bloomberg,
are usedto generatea term structure of interest rates, which can be referred
to as being risk{free. Linear interpolation is carried out to calculate risk{free
quotesfor 3 month, 6 month, 1, 2, ..., 10, 15, 20 and 30 yearson a daily basis.
Once this risk{free term structure is provided, the spread calculation for every
single assetand referenceday can be accomplished. Equipped with the histor-
ical yield information for every asseton a daily basis, the obsenable market
credit spreadis obtained asthe di®erencebetweenthe asset'syield and the cor-
responding risk{free rate. Again a linear interpolation is applied, as maturities
of the assetsusually do not equal the integer time horizons for which risk{free
quotes are available.

10



n Ys b | t{stat. p{value R?
AAA | 707 | 0.101| 0.003 2.7 | < 0.0001| 0.010
AA 426 | 0.188 | 0.009 3.93 | < 0.0001 | 0.035
A 595 | 0.253| 0.018 6.37 | < 0.0001| 0.064
BBB | 334 | 0.231 | 0.039 4.34 | < 0.0001| 0.054
BB 46 | 0.316| 0.139 2.21 | < 0.0001| 0.099
B 40 | 0.328| 0.192 2.14 0.039| 0.108

Table 2: Correlation and regressionresults for bondspreadsas of February 11th,
2004

3.2.4 Results for February 11th, 2004

February 11th, 2004 is chosenas the rst referencedate for the examination
of market spreads. Figures 3 to 8 show the spreadsbasedon the single issues
and classi ed accordingto the di®erert rating classes.For ead rating classthe
Pearsoncorrelation coexcient Y%and the parametersof a linear regressionmodel
are provided in table 2.

Although the slope coetcients are positive and signi cantly di®erert from
zero for all rating categories,the overall 't of the regressionis very low, as
indicated °by the value of R?. For AAA{rated issuestwo properties are imme-
diately obsenable. First, a maturity e®ectcan almost not be identied. This
contradicts theoretical predictions, but corresponds with the empirical results
of Fons. Considering the "ndings, that especially in the high rating classes
the default risk might account only for a smaller fraction of the credit spread,
the obsened results can be justi ed. The secondremarkable obsenation is the
occurrence of negative credit spreads. This heavily dependson the choice of
the risk{free reference.Generally LIBOR is known to be comparableto a AA{
rated security. Therefore a negative spread between LIBOR and AAA{rated
governmert or corporate bonds can be expected. Neverthelessin the presen
case,where AAA{rated governmert securities are usedto create the risk{free
structure, this should not occur. The question is, if the German and French
securities are appropriate bendimarks for the examined bond sample and to
which extend the linear interpolation causesinconsistert results. Although the
occurrenceof the negative spreadsshould not be neglected,the overall number
of issuesshawing this behavior is small comparedto the samplesize.

AA{rated issuesexhibit a higher credit spreadand the number of negative
spreadsfurther decreases. Supported by a higher slope coexcient of the re-
gression,a positive relationship between maturit y and spreadcan be obsened,
although the overall variation is extraordinary high and interpretation of the
maturity e®ectand further implications seemto be questionable. The same
holds for A{ and BBB- rated issues, although the positive spread{maturity
relationship becomesmore apparert. Causedby a lack in data quartity, con-

5for a discussion of problems of using the R2{statistic as a measure of t for a regression
model, refer to appendix A
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Figure 3: Bondspreadsas of February 11th, 2004for AAA{rated issues

clusions becomeeven more vague for BB{ and B{rated issues. Although the
correlation indicates a positive relationship as well, it is obvious, that a small
number of data points has a major in°uence on all results and the robustness
of all results is very low. Neverthelessthe results do not provide any indication
for the existenceof a downward{slope in the term structure of credit spreads.

In the next step, the raw data is aggregatedto highlight some of the key
results. The assetsare grouped to integer maturity buckets, where all assets
with atime to maturity between0.5 and 1.5 yearsare subsumedto maturity 1,
all assetshbetweenl.5and 2.5yearsto maturity 2 and soon. The averagespread
for the di®erert rating classesis represerted in gure 9 for investmert{grade
and in "gure 10 for subinvestmert{grade rating classes.

The general tendency of a positive spread{maturit y{relationship for the
investmen{grade rating classesis supported by this represenation, whereas
the noisinessof the results becomesin particular obvious for BB{ and B{rated
issues. In table 3 the correlation and regressionresults for the averagebond-
spreadsare presened, con rming these considerations. For the investmert{
grade rating categoriesa signi cantly positive slope coetcient is obtained, to-
gether with reasonablehigh valuesof the R?-statistic between47% and 87%.

In table 6, mean, standard deviation and coetcient of variation is presened
for every rating classand maturity bucket. By measuringthe variability of the
spreadsfor ead rating classand maturit y bucket via the coe+cient of variation,
additional obsenations can be interpreted. In generalthe overall heterogeneiy
of the data sample is supported, whereasthe spreadsfor AAA{rated issues
exhibit a high relative variation in particular. Again the quarntity of data for
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Figure 9: Averagebondspreadsas of February 11th, 2004 for investmert{grade
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Average Spread

Figure 10: Averagebondspreadsas of February 11th, 2004 for subinvestmert{
grade rated issues

n Yo b | t{stat. | p{value R?
AAA | 10 | 0.692 | 0.006 2.71 0.0001| 0.479
AA 10 | 0.924 | 0.009 6.85 0.0001 | 0.854
A 10 | 0.937| 0.016 7.6 | <0.0001| 0.878
BBB | 10 | 0.689 | 0.032 2.69 | <0.0001| 0.475
BB 9| 0.297 | 0.075 0.82 0.438 | 0.088
B 9| 0.133| 0.037 0.35 0.733 | 0.018

Table 3: Correlation and Regressiorresults for maturit y buckets of bondspreads
as of February 11th, 2004
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the subinvestmert{grade rating classesrevents a detailed inspection.

A further issueof the examination of bondspreadsdealswith the comparison
of obsened market spreadsand calculated spreads,basedon the forward-pd's.
For this purposethe expected spreadsare derived according to the formula
preserted by Fonsin section2.2.1. The assumption of a °at term structure is
relaxed and the given term structure is usedinstead. With r; being the non{
stochastic risk{free rate for an investmen with time to maturity t, the formula
for the spread calculation becomes

X

S=j %In Sr(ti Dfpdg(t)B e "1 T + So(T) (3.1)
t=1

The question of the appropriate recovery rate is addressedas follows. With
the available information for the bonds regarding priority in capital structure,
it was possible to identify 1175 senior secured, 909 senior unsecuredand 71
junior issues.To assurea su+cient quarntit y of data in all rating classesand for
all maturities, the sampleis not split, but a weighted averagerecovery rate is
calculated. Basedon the historical, value{weighted recovery rates as reported
by Moody's (0), a value of 1 =0.486 is obtained. The results of the spread
calculation are shown in table 4 and a graphical represertation is givenin “gure
11l and 12.
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Figure 11: Calculated bondspreadsfor February 11th, 2004

All the before mertioned considerationsand theoretical predictions regard-
ing maturity e®ects,are illustrated. The positive slope for the investmert{
grade rating categories,a hump{shaped progressionstarting with class BBB
and the strictly negative slope for the lowest rating classis obvious. By com-
paring the calculated spreadswith the market spreadsit is obsenable, that for
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Figure 12: Calculated bondspreadsfor February 11th, 2004

the investmert{grade rating categoriesthe calculated spreadsare far below the
market spreads,whereasthey match more closely in the subinvestmert{grade
rating categories. These ndings are consistert with the results of Fons. One
possiblereasonfor this behavior is the fact, that the probability of default may
only accourt for a smaller fraction of the credit spreadin the investmen{grade
rating categories,asit hasbeendiscussedin section 3.1. In a subsequen step,
the calculated spreadsare used as the explanatory variable for the obsened
market spreadsin a regressionmodel. The results are given in table 5. Statis-
tically signi cant results are obtained for rating classesAAA, AA and A. The
explanatory power of the regressionas indicated by R? lies between 50% and
84%. Both a positive intercept and a positive slope coetcient re°ect the fact,
that the market spreadsare higher than the calculated spreads.

3.25 Results for August 11th, 2003

The sameanalysisis conducted for a secondreferencedate, August 11th, 2003.
All related graphics and analytical results are preseried in appendix B. Re-
garding the maturit y e®ect,the results for the seconddate can be summarized
as follows:

2 A positive spread{maturity relationship is obsened for rating classesAA,
A, BBB and B. For AAA and BB the required statistical signi cance is
lacking.

2 No evidencefor a negative spread{maturit y relationship is found, although
limitations in data quantit y call results for the subinvestmert{grade rating
classesinto question.
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Time Horizon [years]

Rating 1 2 3 4 5 6 7 8 9 10
AAA 0 0| 0.007 | 0.009 | 0.012| 0.017 | 0.021 | 0.029 | 0.029 | 0.028
AA 0.005 0.01 | 0.019| 0.025| 0.032 | 0.039| 0.046| 0.049| 0.05| 0.051
A 0.026| 0.038| 0.05| 0.062| 0.073| 0.08| 0.086| 0.087 | 0.092 | 0.094
BBB 0.19| 0.271| 0.302| 0.352| 0.373| 0.382| 0.371| 0.355| 0.335| 0.328
BB 0.748| 1.128| 1.362| 1.513| 1.43| 1.423| 1.355| 1.27 1.2 |1.103
B 3.446| 3.971| 3.955| 3.717 | 3.369 | 3.042 | 2.748 | 2.486| 2.19| 1.947
CCC 19.295| 12.543| 9.468 | 7.627 | 6.548 | 5.402 | 4.381| 3.563 | 3.11 | 2.686
Table 4: Calculated spreads[%], based on forward-pd{s, for February 11th,
2004

n ) a | t{stat | p{value b | t{stat | p{value R?
AAA | 10| 0.713| 0.105| 9.59| <.0001| 1.703| 2.88 0.021 | 0.509
AA 10 | 0.914 0.2 | 21.58| <.0001| 1.62| 6.36| 0.0002| 0.835
A 10 | 0.922| 0.271| 12.44| <.0001 | 2.015| 6.71| 0.0002| 0.849
BBB | 10 | 0.561| 0.367| 1.59 0.151] 1.339| 1.92 0.091 | 0.315
BB 91| 0.409| 0.883| 0.66 0.53|1.038| 1.19 0.275| 0.167
B 9 | 0.048| 3.408 2.4 0.048 | 0.056| 0.13 0.903 | 0.002

Table 5: Regressionof bond market spreadson calculated spreadsfor February
11th, 2004
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Time Horizon [years]
1] 2] 3] 4] 5] 6] 7] 8] 9] 10

AAA

1 0.14| 0.12| 0.11| 0.1|0.11|0.12| 0.22| 0.17| 0.16 | 0.17

Ya 0.07| 0.08 | 0.08 | 0.09 | 0.08 | 0.09 | 0.07 | 0.07 | 0.06 | 0.08

¥=1 | 052 | 0.64|0.78| 0.92| 0.74| 0.72| 0.56 | 0.43| 0.38 | 0.47

n 137 | 107 | 101| 86 87 53 44 22 41 29

AA

1 0.22] 0.21] 0.24| 0.22| 0.26 | 0.24| 0.27 | 0.28 | 0.29 | 0.29

Ya 0.09|0.12|0.11| 0.13| 0.14| 0.13| 0.16 | 0.15| 0.1 0.08

¥ | 0.39| 0.56| 0.48| 0.57| 053 | 0.52| 0.6 | 0.56| 0.33| 0.27

n 60 57 53 65 59 35 31 19 24 23

1 032 035|039 0.36| 0.42| 0.44| 0.42| 0.44| 047 | 0.48

Ya 0.16| 0.17| 0.18| 0.18| 0.16 | 0.14| 0.13 | 0.14| 0.18 | 0.13

¥=1 | 05|049|046| 05|0.38|0.33|0.32|0.31| 0.39]| 0.26

BBB

1 0.55| 0.76 | 0.77 | 0.75| 0.83| 0.75| 0.88| 0.81| 1.12| 0.8

Ya 0.27]| 0.45] 0.38| 0.29| 046 | 0.38| 0.52| 0.17| 045 | 0.1

Y71 | 049| 06|049|038|055| 05(059|021| 04)|0.13

n 46| 54| 54| 43| 50| 26| 25| 17| 13| 6
BB

1 182[222| 24263 1.78]289] 4.02] 2.14] 2.12| {

Y% |084]092]118]093]033]1.08] 07| 04| 0] {

Y1 | 0.46| 0.41] 049 035] 0.19| 0.37 | 0.17] 0.19| 0| {

n 10 11| 7| 6| 3| 3| 3| 2| 1| ¢
B

1 271312298 485]3.39[4.29] 488 0] 3.15] 2.87

% |139|123|068|184| 27| 16|148| O] 18| 0

¥e | 051]039]023|038| 08]037] 03| 0]057| O

n 12| 6| 6| 5| 2| 2| 4] o] 2| 1

Table 6: Statistical indicators for bondspreadsas of February 11th, 2004

2 The overall 't of the regressionmodels is extremely low for all rating
classesas indicated by the R?{statistic ©.

6consider appendix A
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Overall the behavior of spreadsis comparable,whereasfor August 11th, 2003
they are generally higher than for February 11th, 2004. The relative variabilit y
as measuredby the coexcient of variation doesnot exhibit a regular behavior,
apart from the fact that it is generally lower for rating classAAA comparedto
the other referencedate.

4 Credit Deriv ativ es

4.1 The Mark et for Credit Deriv ativ e Pro ducts

Credit derivative products are designedto isolate speci ¢ aspects of credit risk
from one or more underlying assets. They are usedto transfer theserisks be-
tween the cortract partners, which allows to actively trade and hedge credit
risk. The major credit derivative products are Total Return Swaps (TRS),
Credit Spread Options (CSO), Collateralized Debt Obligations (CDO), Credit
Linked Notes(CLN) and Credit Default Swaps(CDS). A detailed explanation of
thosecortracts canbefound for instanceunder http://www.creditderiv atives.cc,
whereasit hasto be mertioned that the market for credit derivativesis extraor-
dinary innovative and the developmen of new products permanertly cortinues.

4.1.1 Credit Default Swap (CDS)

A Credit Default Swap is a nancial contract, wherethe protection buyer pays a
periodical feeon the notional amourt of the referenceunderlying. In return the
protection selleris committed to e®ecta default paymert, in casea credit evert
with respect to the underlying referenceertity occurs. In a single name CDS
this underlying will usually be one speci ¢ bond, whereasin a basket CDS the
underlying consistsof a portfolio of credit risky assets. The protection buyer
still facesthe risk of a changein credit quality and market value of the under-
lying, whereasthe risk of default is isolated in this contract and transferred to
the protection seller. Therefore it is intuitiv e to compare the CDS premium,
expressedn basispoints per year, with the credit spread on the market of the
underlying. Figure 13 shaws the setting of a theoretical risk{free trade, where
the investor has perfectly hedgedthe default risk. For simplicity it is assumed,
that the assetis issuedat par and the credit spreadis obtained asthe di®erence
of the coupon and the risk{free rate r. From nof{arbitrage considerationsthe
CDS premium P should equal the credit spread S. Based on this argumerta-
tion the so called basis, P | S, consequetly equalszero. As in the market a
basisdi®erent from zerocan be obsened, various factors causingthe divergence
between CDS spread and credit spread needto be considered. A detailed ex-
amination of this question can be found in a publication by Lehman Brothers
(0).

As it is probably the most important factor a®ectingthe basis, only the
counterparty default risk should be mertioned explicitly. Unlike in bond mar-
kets, wherethe transaction betweenthe issuerand the investor doesnot involve
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Figure 13: Payment structure of a CDS beforeand in the event of default

any other credit risk factors apart from the obligor's default risk, a new di-
mension of credit risk is implied on the CDS market. The derivative cortract
is establishedwith a protection seller, who himself can default. The question
of default correlation betweenthe issuer of the underlying of the CDS and the
protection seller needsto be considered. Generally the concernis on the side of
the protection buyer, who will demand a reduced CDS premium for taking the
additional risk of default of the protection seller. The result will be a decrease
in the basis.

Basedon a variety of possiblein®uence factors it can not be concluded, that
a strictly positive or negative basis should be obsened in the market. The
examination of the basis, of obsenable maturit y e®ectsin the CDS market and
the comparisonthe results obtained from bond credit spreadsare the topics of
the following chapters.

4.2 Empirical Results from the CDS Mark et
4.2.1 Description of the Sample

The data sourcefor the CDS sampleis a database,where Credit Default Swap
indicators are collected. These indicators are bid and ask quotes provided by
various market participants and do not necessarilyrepresent real trades. In
the further discussionthe arithmetic meanbetweenbid and ask, called the mid
quote, is examined. The maturity of the cortract, the underlying compary,
the credit rating, currency and various other static information completesthe
sample. The time horizon between January 2001 and March 2004 is covered,
where in the beginning of the sample period only about 200, later up to 3000
quotes per trading day are available. The major part of the sample are sin-
gle name corporate CDS quotes denominated in U.S.{$ and consequetly the
analysis has been restricted solely to those cortracts. Credit Default Swaps
are OTC{contracts usually equipped with integer maturities, where the 5{year
CDS is by far the most common speci cation, followed by maturities of 1, 3, 7
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Figure 14: Investmert{grade CDS{quotes averagedacrosssample period

and 10 years.

4.2.2 Results across Time

In a rst step the behavior of the CDS{quotes over the whole sample period
should be examined. Figures 14 and 15 showv the average mid{quotes of the
whole sample for di®erert maturities, classi ed according to the credit rating.
Note that all quotesduring the following analysis are given in basispoints, fol-
lowing the market corvertion for the quotation of the CDS premium. For the
investmen{grade rating classes clear positive relationship betweenCDS{quote
and maturity is obsenable. Furthermore it is remarkable, that the quotes for
AAA{ and AA{rated referenceertities are very close,where for the 5{year ma-
turit y AAA{ even exceedthe AA{quotes. Apart from this anomaly, the 5{year
guotes exhibit a noticeable behavior during the whole analysis. Represeiing
the point with the highest liquidit y, they constitute a peak in the run of the
curve for many rating classes.Although there appear to be no de nite expla-
nations for this behavior, it is necessaryto point this e®ectout, in particular as
it becomesmore evidert during the analysis of single trading days. Regarding
the subinvestmen rating classes.especially for rating classB, a hump{shaped
behavior can be obsened.

In table 7 mean, standard{deviation and coexcient of variation are preserned
for the quotes, covering the whole time horizon. This illustrates the extraordi-
nary variability of the underlying pool of data. The coezcient of variation is
generally even higher than for the bond sample. One aspect explaining the high
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Figure 15: Subinvestmert{grade CDS{quotes averagedacrosssample period

variability dealswith the speed of reaction on the di®ereri nancial markets.
Hull, Predescuand White (0) examine, whether the CDS market anticipates
the change of credit ratings. Especially for rating downgradesthey conclude,
that the CDS{market perceptsthis negative evert well in advance, obsenable
by a signi cant increaseof the CDS{premium up to 90 days prior to the rat-
ing evernt. Longsta®, Mithal and Neis (0) apply a vector{autoregressionmodel
to analyze the lead{lag relations betweenthe CDS{, bond{ and stockmarket.
Although limited by a large number of exceptionsthey generally obsene, that
changesin CDS{premia lead changesin corporate bond yields, indicating that
the CDS{market incorporates credit{relevant information more quickly. Con-
sidering these ndings it is imaginable, that the quotesin a speci ¢ rating class
can cover a wider range, becauseparticipants at the CDS{markets estimate the
credit quality of someissuerswithin this classto be signi cantly better or lower,
although this has not yet beenre®ected in a change of the credit rating. This
is only preseried as one possible explanation, asit is not possibleto test this
hypothesiswith the available data.

4.2.3 Results for February 11th, 2004

Results from the examination of subsetsfrom the pool of CDS{quotes for single
trading days are presenied in the following. For the same referencedate as
in the analysis of the bond spreads, February 11th, 2004, the mid{quotes of
all available CDS{contracts are examined. By averaging those quotes for the
maturities of 1, 3, 5, 7 and 10 years, gures 16 and 17 are obtained.
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Time Horizon [years]

1] 3] 5] 7] 10
AAA
L 1469] 17.09] 331 252 3211
% 9.87 | 14.01| 24.91] 15.27| 17.02
Y=t | 067| 082] 075| 061] 053
n 1463| 4199 11866 3685| 3274
AA
L 14.62] 19.55] 2898 30.49] 36.13

Ya 48.49| 16.61| 23.68| 18.13| 21.53
§Z= 3.32 0.85 0.82 0.59 0.6

n 1721 | 23143| 37491| 20749 | 22149
A
1 2951 | 42.01| 54.44| 56.46| 64.51

Ya 23.92| 31.18| 47.75 34.1| 35.99
S22 0.81 0.74 0.88 0.6 0.56
n 14389 | 57081| 138746| 46091 | 46858

BBB
1 75.17| 97.13| 130.45| 110.62| 116.59
Ya 74.74| 84.38| 131.36| 77.05 71.2
§Z= 0.99 0.87 1.01 0.7 0.61
n 19037 | 47619| 164328 | 39660 | 41245

BB
1 230.05| 345.71| 344.2| 380.79| 350.05
Ya 193.33| 364.73| 248.8| 306.4| 270.42
§Z= 0.84 1.06 0.72 0.8 0.77
n 1584 | 7542| 41114| 4608| 5229

B
1 482.88| 594.14| 638.05| 552.93| 524.9
Ya 417.03| 471.86| 695.41| 377.75| 328.28
SZ=2 0.86 0.79 1.09 0.68 0.63
n 24 979 8208 687 688

Table 7: Statistical indicators for CDS-quotesacrosstime horizon
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Figure 16: Averageinvestmert{grade CDS{quotes as of February 11th, 2004

Figure 17: Averagesubinvestmert{grade CDS{quotes asof February 11th, 2004
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n Yo b | t{stat. | p{value R?

AAA 86| 0.391 1.882 3.89 0 | 0.153
AA 212 0.41 1.819 6.51 | <0.0001 | 0.168
A 915 | 0.444 2.878 | 14.96 | <0.0001| 0.197

BBB | 1314 | 0.166| 3.253 6.1 | <0.0001| 0.028
BB 258 | -0.125]| -12.101| -2.02 0.044 | 0.016
B 41 | -0.033| -6.166 -0.2 0.839 | 0.001

Table 8: Correlation and Regressiorresults for CDS-quotesas of February 11th,
2004

n Y b | t{stat. | p{value R?
AAA | 5| 0.982 3.032 8.97 0.003 | 0.964
AA 51| 0.976 1.923 7.71 0.005| 0.953
A 5] 0.951 1.958 5.35 0.013 | 0.904
BBB | 5| 0.853 3.842 2.84 0.066 | 0.728
BB 5 -0.63 | -10.409 -1.4 0.255| 0.397
B 4| -0.634| -3.727 -1.16 0.366 | 0.402

Table 9: Correlation and Regressiorresults for averageCDS-quotesas of Febru-
ary 11th, 2004

A positive relationship betweenCDS{quotes and maturit y is clearly observ-
able for the investment{grade classes.Again the peak for the 5{year maturity
can be identi ed in particular for AAA and BBB rating classes. Although
unexplainable it hasto be noted, that the quotesfor the AAA rating classare
uniformly higherthan for AA. Regardingthe subinvestmert{grade rating classes
no systematic e®ectfor this date can be identied. For BB the 1{year quote
represerts an outlier comparedto the examination covering the whole sample
period. Interpretation of the depiction for rating classB is questionable, due
to the fact that the quotes for maturities of 3, 7 and 10 years are only based
on two data points eac. The ndings are supported by the correlation coex-
cient and the results of a linear regressionmodel, as preseried in table 8 and 9.
Although a positive correlation and slope coexcient for the investmert{grade
CDS{quotes is obtained while carrying out the regressionon the raw data, the
positive spread{maturity relationship is in particular supported by analyzing
the average CDS{quotes, where R? reades valuesbetween 72% and 96%.

Comparable to the proceedingwhile analyzing bondspreads,spreadsfrom
forward rates are calculated for the maturities corresponding with the CDS{
quotes. As all CDS{quotes in the sample are written on senior unsecuredun-
derlyings, the value{weighted averagerecovery rate of 1 =0.44 for senior unse-
cured issuesin 2003 as reported by Moody's (0) is usedin calculation. The
calculated spreadsare given in table 10 and a graphical represenation can be
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Time Horizon [years]
Rating 1 3 5 7 10
AAA 0 0.7 1.3 2.3 3.1
AA 0.6 2 35 5 5.7
A 2.8 55 8 9.4 | 105
BBB 20.6 32.8| 40.8 41 37
BB 80.9| 148.2| 157 | 150.8| 126.1
B 373.3| 432.3| 373.1| 309.6| 227.4
CCC 2105| 1047.1| 736.6 | 504.3 | 324.3

Table 10: Calculated spreads[bp], basedon forward-pd{s, for February 11th,
2004

found in gure 18 and 19. Again the calculated spreadsare uniformly below
the obsened CDS{quotes, in particular in the investmen{grade rating classes.
The results of a regressionfor the market spreadswith the calculated spreads
as explanatory variable are given in table 11. Like in the bond samplethe 't
is in particular good for the investmert{grade rating classesand the positive
intercept and slope coexcient re°ects the above mentioned obsenation of mar-
ket spreadsbeing higher than calculated spreads. The negative correlation and
slope coexcient for rating classBB cortradicts the expectation and the quality
of the 't of the regressiondeclineswhile moving to rating classB.

Figure 18: Calculated spreadsfor February 11th, 2004
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Figure 19: Calculated spreadsfor February 11th, 2004

n Y5 a | t{stat | p{value b | t{stat | p{value R?
AAA | 5| 0.927| 13.653 5.82 0.01| 5.416 4.27 0.024 | 0.859
AA 5] 0.972 9.184 5.43 0.012 | 3.154 7.21 0.006 | 0.946
A 5| 0991 9.351 4.61 0.019| 3.423| 13.09 0.001| 0.983
BBB | 5| 0.905| 10.881 0.68 0.548 | 1.684 3.69 0.035| 0.819
BB 51| -0.772| 461.863| 5.01 0.015] -1.432 5.01 0.015| 0.596
B 4| 0.642| 353.57 9.48 0.011| 0.128 1.18 0.358 | 0.412

Table 11: Regressionof CDS market spreadsby calculated spreadsfor February

11th, 2004

4.2.4 Results for August 11th, 2003

Lik e for the bond samplethe analysisof CDS{quotes hasbeenconductedfor the
secondreferencedate, August 11th, 2003. The results are preseried in appendix

C. They are a con rmation of all the conclusionsdrawn above.

2 The positive relationship between CDS{quote and maturit y is clearly ob-

senable for the investmert{grade rating classes.

2 Inconsistert behavior like the peakfor the 5{y ear{quote and the fact, that

AAA-quotes are higher than AA{quotes, recursfor this referencedate.

2 The lack of data quartit y for rating classB preverts conclusionsregarding
a maturit y e®ectand alsofor BB the resulting graph is of limited explana-
tory power, as especially the 1{year quote is heavily in°uenced by a small

number of obsenations.
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2 The CDS{quotes are uniformly higher for this referencedate, which cor-
respondsto the results derived from the analysis of bond spreads.

4,25 Comparison of the Results for Bond and CDS{mark et

As pointed out in 4.1.1, the spread of the underlying assetis a rst estimation

for the CDS{quote. Although the bond sample does not necessarily consist
of the underlying assetsof the CDS{sample, a comparison on an aggregated
level should be conducted. At least for the investmert{grade rating classes
someinteresting results can be obtained from the comparison of CDS{quotes

and bond spreadsfor the sametrading day. The positive relationship between
CDS{quote and maturity is much more obvious than in the bond sample. As

mertioned before, the pure default risk is re°ected in a CDS more precisely
than it is captured in the bond spread. The fact that the positive slope for the

CDS{quotes is more apparert supports the argumertation, which suggeststhe

possible deterioration in credit quality of the issueras a reasonfor increasing
credit spreads.

The secondremarkable result of the comparison dealswith the basis. The
basis has been introduced as the di®erenceof CDS{quote and bond spread.
Various argumerts have been provided to explain a basis di®erent from zero.
In the presen data sample the CDS{quotes are almost uniformly lower than
the bond spreads,resulting in a negative basis. For longer maturities the basis
decreasesas the maturity e®ectcausesCDS{quotes to increase,whereasthis
e®ectis lessstrong for the bond spreads.

Due to the variability in the bond spreads,the inhomogeneousresults for
the CDS{quotes and the generallack of data, reliable conclusionscan not be
drawn for the subinvestmert{grade rating classes.

5 Conclusion

Basedon the \crisis{at{maturit y{hypothesis" and subsequeh argumenrtations,

a split behavior of bond spreadswith respect to maturity is presumed. This is
supported by the theoretical predictions of credit risk models, following both the
structural and the reduced{form approad. Empirical researt regarding these
maturit y e®ectsof bond spreadshas beenvery limited sofar. Furthermore the
results of the few available studiesvary and the answer to the questionif the pre-
dicted maturit y e®ectsare obsenable in the market, is still cortroversial. After

having summarizedthe former empirical work and the consideration of possible
additional factors cortributing to the credit spread, the results of an analysis
covering about 2000 -denominated bonds are preseried. Although dominated
by the extraordinary variability of spread data even within the same rating

class, a positive relationship between spread and maturity was detected for
the investmen{grade rating classeswhereasthe results for the subinvestmert{

gradeissuesare only of limited explanatory power dueto alack in data quantit y.
Howevwer, during the whole analysis no evidencefor a negative relationship was
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found.

Comparableresults were obtained from the examination of a sampleof credit
default swap quotes. A credit default swap is a derivative nancial contract,
where the protection seller has to pay if and only if a default event of the
referenceissueoccurs. This speci cation extracts the default risk of the refer-
enceissue most precisely and therefore the presumed maturity e®ectson the
bond market should be obsenable in the credit default swap market as well.
They should even appear more clearly, as many of the potential factors a®ect-
ing bond spreadsdo not a®ectthe credit default swaps. While trying to ana-
lyze CDS{quotes another problem appears. As thesederivativ e instruments are
OTC{contracts, reliable and exhaustive price information is not easily avail-
able. An internal database of so{called price indicators (bid and ask quotes
provided by di®erent market participants) was usedfor examination. Generally
the positive relationship betweenspreadand maturit y was essetially apparert.
Furthermore it was possibleto comparebond{spreadsand CDS{quotes regard-
ing the overall level and thus obtain evidenceregarding the so{called basis, the
di®erencebetween bond spreadsand CDS{premium. For the CDS{quotes of
subinvestmert{grade issues,the samelimitations as for the bond spreadshold.

A Stable E®ects in the Distribution of Regres-
sion Residuals

While interpreting regressionresults and the R?{statistic as a measureof T,
the distribution of the residuals, that is the di®erencebetween obsened and
predicted values, hasto be considered. In the standard setting of a regression
model, the residuals are assumedto be normally distributed. If this is not
the case,R? might not re°ect the t of the regressionappropriately. A large
number of residualsof small and seweral residualsof high absolute value suggest
a heavy{tailed distribution. The ®{stable distributions constitute a class of
distributions allowing the modelling of skewnessand heavy tails. They are
characterized by the parameter vector £ = (®, , % 1), with ® 2 (0,2] being
the index of stability, the skewnessparameter 2 [-1, 1], the scale parameter
%2 R, andthe location parameter! 2 R. For ® < 2 the distributions exhibits
peakednessand heavy tails. The normal distribution N (3; 3#) belongsto the
stable distributions as well and is obtained for the parameter choice £ = (2,
0, 93/—5 1). Currently a large amount of resear is carried out in the "eld of
stable distributions. One example for advanced literature dealing with stable
distributions and their applications to "nance is Rachev, Mittnik (0).

The regressionresiduals of bond market spreadson maturity for February
11th, 2004 are usedto estimate the parametersof an ®-stable distribution. The
results are given in table 12 and gures 20 to 24 illustrate the fact, that the
distribution of the residualsmatchesmore closelythe ®{stable than the normal
distribution.
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Figure 20: ®{stable 't of the regressionresidualsfor rating AAA
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Figure 21: ®{stable 't of the regressionresidualsfor rating AA
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Figure 22: ®{stable 't of the regressionresidualsfor rating A
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Figure 23: ®{stable t of the regressionresidualsfor rating BBB
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Time Horizon [years]
Rating n ® B Ya 1
AAA 707 | 1.7061| -0.2790 | 0.0464 | -0.0006
AA 426 | 1.6655| 0.7874| 0.0712| 0.0087
A 595 | 1.7412| 0.9755| 0.0869| 0.0032
BBB 334 | 1.3084| 0.8894| 0.1377| 0.0861
BB 46 | 1.6243| 1.0000| 0.5804| 0.1366
Table 12: Parameters of an ®{stable distribution for regressionresiduals of
bondspreads
Title
0.5 T T
N —— Empirical Density
J — - Stable Fit
045+ \ Gaussian (Normal) Fit H

04r

0.351

0.3

025

0.2

015

01r

0.05 -

0 I
6

Figure 24: ®{stable 't of the regressionresidualsfor rating
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B Bond Data for August 11th, 2003

Figure 25: Averagebondspreadsas of August 11th, 2003for investmert{grade
rated issues

n Yo b | t{stat. p{value R?
AAA | 689 | -0.017 | -0.001| -0.46 0.649 | 0.0003
AA 369 | 0.176| 0.012 3.42 0.0007| 0.031
A 538 | 0.254| 0.024 6.07 | < 0.0001| 0.064
BBB | 271 | 0.237| 0.059 4.01 | < 0.0001| 0.056
BB 46 | 0.203| 0.123 1.37 0.1762| 0.041
B 38| 0.556| 0.484 4.02 0.0003| 0.310

Table 13: Correlation and Regressiorresults for bondspreadsasof August 11th,
2003
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Figure 26: Averagebondspreadsas of August 11th, 2003 for subinvestmert{
grade rated issues

n Ys b | t{stat. | p{value R?
AAA | 10| 0.183| 0.001 0.53 0.614 | 0.033
AA 10| 0.755| 0.011 3.26 0.012| 0.57
A 10| 0.87| 0.022 5 0.001 | 0.757
BBB | 10| 0.661 | 0.066 2.49 0.037 | 0.437
BB 9| 0.334| 0.075 0.94 0.379 | 0.112
B 9| 0.795| 0.487 35 0.01 | 0.632

Table 14: Correlation and Regressionresults for maturity buckets of bond-
spreadsas of August 11th, 2003
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Time Horizon [years]

1] 2] 3] 4] 5] 6] 7] 8] 9] 10

AAA

1 02| 0.2|018|0.17|0.17| 0.2]0.17|0.22| 0.24 | 0.18

Ya 0.08| 0.08| 0.1]0.07|0.09| 0.112| 0.07 | 0.09 | 0.07 | 0.06

S22 04]1039|054|042|052|054|044)|0.39]| 031 0.32

n 121 | 121 96 83 85 47 50 27 30 29

AA

1 029 032|0.34|039|0.32|0.39| 0.38]| 0.38| 045 0.37

Ya 0.12| 0.13| 0.2|0.21|0.16| 0.15| 0.22| 0.14| 0.24 | 0.12

¥ 1 041|041| 058|054 05|039|059|0.38]|0.54]| 0.32

n 45 54 43 50 49 46 25 24 16 17

1 0.41| 0.55| 058 | 0.53| 0.57| 0.63| 0.62 | 0.63 | 0.63 | 0.68

Ya 0.18/0.21| 03|0.16|0.26|0.19| 0.26| 0.21| 0.2 0.33

¥ | 045|039 052|031|045| 03| 0.42|0.33|0.31| 0.48

n 68 62 85 57 77 65 43 28 29 24
BBB
1 08| 1.08| 1.08| 116| 1.22| 1.14| 1.31 1]1.15| 1.96

Ya 04054 06| 056|067|045]|0.74| 0.22 | 0.42 | 0.58

S 05| 05|055|048|055|0.39|056|0.22]037| 03

n 33 31 50 32 43 29 21 14 10 8

1 2.33|377|351|419|337|385|333| 44| 3.15 {
Ya 1441181| 114 16| 1.27 0]051| 13126 {
¥=1 | 0.62| 0.48| 0.32| 0.38 | 0.38 0/015, 03| 04 {
n 10 7 9 7 4 1 3 2 3 {
B
1 281519|488|515|8.15| 548 | 6.34| 7.26 | 7.75 {
Ya 11201} 12132087 |4.01|115| 1.39 0 {
¥ | 0.36| 0.39| 0.25]| 0.26 | 0.11| 0.73 | 0.18 | 0.19 0 {
n 6 11 4 6 2 2 3 3 1 {

Table 15: Statistical indicators for bondspreadsas of August 11th, 2003

37




Time Horizon [years]

Rating 1 2 3 4 6 7 8 9 10
AAA 0 0 | 0.007 | 0.009 | 0.012| 0.017 | 0.022| 0.03 | 0.029 | 0.028
AA 0.005 0.01| 0.019| 0.025| 0.033| 0.039| 0.047 | 0.05| 0.051| 0.052
A 0.026| 0.039| 0.051| 0.062| 0.074 | 0.081| 0.087 | 0.089 | 0.094 | 0.096
BBB 0.192| 0.273| 0.304| 0.355| 0.377 | 0.387 | 0.377 | 0.362 | 0.344 | 0.334
BB 0.754| 1.137| 1.374| 1.526 | 1.446 | 1.443| 1.377 | 1.297 | 1.233| 1.129
B 3.473| 4.003| 3.989| 3.752 | 3.412| 3.09| 2.799 | 2.548 | 2.262 | 2.004
CCC 19.461| 12.648 | 9.557 | 7.707 | 6.642 | 5.501 | 4.48 | 3.676 | 3.241 | 2.787
Table 16: Calculated spreads[%], basedon forward-pd{s, for August 11th, 2003

n Y% a | t{stat | p{value b | t{stat | p{value R?
AAA | 10| 0.282| 0.184| 13.73| <.0001| 0.594| 0.83 0.429| 0.08
AA 10| 0.762| 0.298| 13.43| <.0001| 2.002| 3.33 0.01| 0.581
A 10 0.89| 0.388| 10.46| <.0001| 2.79| 5.53 0.001 | 0.793
BBB | 10 | -0.445| 1.417| 7.62| <.0001| -0.538| -1.41 0.197| 0.198
BB 9| 0.701| 1.174| 1.27 0.246| 1.843 2.6 0.036 | 0.491
B 9| -0.584| 10.977| 4.04 0.005| -1.561 -1.9 0.099 | 0.341

Table 17: Regressionof bond market spreadsby calculated spreadsfor August
11th, 2003
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C CDS Data for August 11th, 2003

Figure 27: Averageinvestmert{grade CDS{quotes as of August 11th, 2003

Figure 28: Averagesubinvestmert{grade CDS{quotes as of August 11th, 2003
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n Yo b | t{stat. | p{value R?
AAA 75| 0.413 2.759 3.87 0] 0171
AA 179 | 0.317 1.566 4.45 | <0.0001 0.1
A 744 | 0.351 2.776 10.2 | <0.0001| 0.123
BBB | 873 | 0.085 2.873 2.53 0.012| 0.007
BB 160 -0.2 | -31.209 -2.56 0.011| 0.04

Table 18: Correlation and Regressionresults for CDS-quotesas of August 11th,

2003

n Y b | t{stat. | p{value R?
AAA | 5| 0.963 2.837 6.15 0.009 | 0.927
AA 51 0.937 1.835 4.67 0.019| 0.878
A 51 0.995 2.834| 18.01| 0.0004| 0.99
BBB | 5| 0.729 3.257 1.85 0.162 | 0.531
BB 5| -0.74 | -27.315 -1.9 0.153 | 0.548

Table 19: Correlation and Regressionresults for averageCDS-quotesas of Au-
gust 11th, 2003

Time Horizon [years]

Rating 1 3 5 7 10

AAA 0.0 0.7 1.3 2.3 3.1

AA 0.6 2.0 3.5 5.1 5.7

A 2.8 55 8.0 9.5| 105

BBB 20.6 32.8| 409 | 41.2| 37.3

BB 80.9| 148.2| 157.3| 151.4] 127.1

B 373.3| 432.2| 373.9| 311.2| 229.8

CCC 2105.0| 1046.6 | 738.3 | 507.8 | 329.1
Table 20: Calculated spreads|[bp], based on forward-pd{s, for August 11th,
2003

n % a | t{stat | p{value b | t{stat | p{value R?

AAA | 5| 0.943| 17.833| 6.05 0.009| 7.846| 4.92 0.016| 0.89
AA 5| 0.949| 11.586 5.1 0.015| 3.06| 5.22 0.014 | 0.901
A 5| 0.983| 17.384| 6.54 0.007| 3.127| 9.15 0.003 | 0.965
BBB | 5| 0.849| 44.549| 2.25 0.11| 1555, 2.78 0.069| 0.72
BB 5] -0.881| 937.26| 6.12 0.009| -3.636| -3.23 0.048| 0.776

Table 21: Regressionof CDS market spreadsby calculated spreadsfor August

11th, 2003
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