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ABSTRACT

The purpose of this article isto explain the spread between spot rates on corporate and
government bonds. We find that the spread can be explained in terms of three elements: (1)
compensation for expected default of corporate bonds (2) compensation for state taxes since
holders of corporate bonds pay state taxes while holders of government bonds do not, and (3)
compensation for the additional systematic risk in corporate bond returns relative to government
bond returns.  The systematic nature of corporate bond return is shown by relating that part of
the spread which is not due to expected default or taxes to a set of variables which have been
shown to effect risk premiums in stock markets Empirical estimates of the size of each of these
three components are provided in the paper. We stress the tax effects because it has been ignored

in all previous studies of corporate bonds.



INTRODUCTION

In recent years there have been a number of papers examining the pricing of corporate
debt. These papers have varied from theoretical analysis of the pricing of risky debt using option
pricing theory, to asimple reporting of the default experience of various categories of risky debt.
The vast mgjority of the articles dealing with corporate spreads have examined yield differentials
of corporate bonds relative to government bonds. The purpose of this article isto re-examine
and explain the differencesin the rates offered on corporate bonds and those offered on
government bonds (spreads), and in particular to examine whether thereisarisk premiumin
corporate bond spreads and, if so, why doesit exist. As part of our analysis, we argue that
differences in corporate and government rates should be measured in terms of spot rates (yield to

maturity on zero coupon debt) rather than yield to maturity on coupon bonds.

Differences in spot rates between corporate and government bonds (the corporate spot
spreads) differ across rating classes and should be positive for each rating class for the following

four reasons:

1 Expected default loss -- some corporate bonds will default and investors require a higher

promised payment to compensate for the expected |oss from defaults.

2. Tax premium — interest payments on corporate bonds are taxed at the state level while

interest payments on government bonds are not.



3. Liquidity effect ) corporate bonds have higher and more volatile bid ask spreads and there
may be adelay in finding a counter-party for atransaction. Investors need to be

compensated for these risks.

4, Risk premium — The return on corporate bonds are riskier than the returns on government

bonds, and investors may require a premium for the higher risk.

The only controversial part of the above analysisis the fourth point. Some authorsin their

analysis assume that the risk premium is zero in the corporate bond market.*

This paper isimportant because it provides the reader with explicit estimates of each of
the components of the spread between corporate bond spot rates and government bond spot rates.
While some studies have examined losses from default, to the best of our knowledge, none of
these studies has examined tax effects or made the size of compensation for systematic risk
explicit. Tax effects occur because the investor in corporate bonds is subject to state taxes on

payments while government bonds are not subject to state taxes. Thus, corporate bonds have to

! Most of the models using option pricing techniques assume a zero risk premium.
Bodie, Kane, and Marcus (1993) assume the spread is all default premium. See
also Fons (1994) and Cumby and Evans (1995). On the other hand, rating based
pricing models like Jarrow Lando and Turnbull (1997) and Das-Tufano (1996)
assume that any risk premium impounded in corporate spreads is captured by
adjusting transition probabilities.



offer ahigher pre-tax return to yield the same after tax return. Thistax effect has been ignored in
the empirical literature on corporate bonds. In addition, past research has ignored or failed to
measure whether corporate bond prices contain arisk premium above and beyond the expected
loss from default. We find that the risk premium is alarge part of the spread. We show that
corporate bonds require arisk premium because spreads and returns vary systematically with the
same factors as common stock returns. If investors in common stocks require compensation for
this risk so should investors in corporate bonds. The source of the risk premium in corporate
bond prices has long been a puzzle to researchers and this study is the first explanation for its
size and existence.

Why do we care about estimating the spread components separately rather than simply
pricing corporate bonds off a spot yield curve or a set of estimated risk neutral probabilities?
First, we want to know the forces driving prices and not simply what prices are. Second, for an
investor thinking about purchasing corporate bonds, the size of each component embodied in
market prices will affect the decision on whether to purchase the bonds.

Toillustrate this last point, consider the literature that indicates that low-rated bonds
produce higher average returns than bonds with higher ratings.? Further, consider the literature,
such as Blume, Keim and Patel (1991), that shows the standard deviation of returnsis no higher
for low-rated bonds than it isfor high-rated bonds. What does this evidence indicate for
investment? This evidence has been used to argue that low-rated bonds are attractive

investments. Our decomposition of corporate spreads into expected default loss, tax premium

2 See for example Altman (1989), Goodman (1989), Blume, Keim and Patel (1991),
and Cornell and Green (1991).



and risk premium shows that these results need to be interpreted differently. Aswe will show, the
tax and risk premium are substantial, and are higher for low rated bonds than for high rated
bonds, and thus the conclusion that low-rated bonds are superior investments may be incorrect

for almost all investors.

This paper proceeds as follows: In the first section, we present a description of the data
employed in this study and how our sample is constructed. In the second section we present the
methodology for, and present the results of, extracting government and corporate spot rates from
data on individual coupon bonds. We then examine the differentials between the spot rates which
exist for corporate bonds and those that exist for government bonds. We find that the corporate
spot spreads are higher for lower rated bonds, and that they tend to go up with maturity. The
shape of the spot spread curve can be used to differentiate between alternative corporate bond
valuation models derived from option pricing theory. In this section we also examine the ability
of estimated spot rates to price corporate bonds. How bad is the approximation? We answer this
by examining pricing errors on corporates using the spot rates extracted from our sample of

corporate bonds.

The remainder of this paper is concerned with decomposing corporate spreads into
parts that are due to expected default loss, tax premium, and risk premium. In the third section of
this paper we model and estimate that part of the corporate spread which is due to expected

default loss. If we assume, for the moment, that there is no risk premium, then we can value



corporate bonds under arisk neutral assumption using expected default losses.® Thisrisk neutral
assumption allows us to construct a model of what the corporate spot spread would beif it were
solely due to expected default losses and to estimate it using historical data on rating transition
probabilities, default rates, and recovery rates after default. The spot rate spread curves estimated
by incorporating only expected losses due to default are well below the observed spot spread
curve and they do not increase as we move to lower ratings as fast as actual spot curvesdo. The

difference between these curves can only be due to taxes and possibly arisk premium.

In the next section of this paper we examine the impact of both the expected default loss
and the tax premium on corporate spot spreads. In particular, we build taxes into the risk neutral
valuation model developed earlier and estimate the set of spot rates that should be used to
discount promised cash payments when taxes and expected default |osses are taken into
consideration. We then show that using the best estimate of tax rates, historical rating transition
probabilities, and recovery rates, actual corporate spot spreads are still much higher than taxes
and default premiums can account for. Furthermore, fixing taxes at arate that explains the spread
on AA debt still doesn’t explain the A and BBB spreads. The difference in spreads across rating
categories has to be due to the presence of arisk premium. Also, to explain empirical spreads, the
compensation the investor requires for risk must be higher for lower rated debt and for longer

maturity bonds.

3 We also temporarily ignore the tax disadvantage of corporate bonds relative to

government bonds in this section.



The last section of this paper presents direct evidence of the existence of arisk premium
by first relating the time series of that part of the spreads that is not explained by expected loss or
taxesto a set of variables that are generally considered systematic factors impacting risk in the
literature of Financial Economics and then by relating cross sectiona differences in spreadsto
sengitivities of each spread to these variables. We have already shown that the default premium
and tax premium can only partially account for the difference in corporate spreads. In this section
we present direct evidence that there is arisk premium by showing that part of the corporate
spread, not explained by defaults or taxes, isrelated to systematic factors that are generally

believed to be priced in the market.

DATA

Our bond datais extracted from the Lehman Brothers Fixed Income database distributed
by Warga (1998). This database contains monthly price, accrued interest, and return data on al
investment grade corporate and government bonds. In addition, the database contains descriptive

data on bonds including coupon, ratings, and callability.

A subset of the datain the Warga database is used in this study. First, all bonds that were
matrix-priced rather than trader-priced are eliminated from the sample. Employing matrix prices
might mean that all our analysis uncoversis the formula used to matrix price bonds rather than

the economic influences at work in the market. Eliminating matrix priced bonds leaves us with a



set of prices based on dealer quotes. Thisis the same type of data as that contained in the

standard academic source of government bond data: the CRSP government bond file.*

Next, we eliminate al bonds with special features that would result in their being priced
differently. This means we eliminate al bonds with options (e.g,. callable or sinking fund), all
corporate floating rate debt, bonds with an odd frequency of coupon payments, government

flower bonds and index-linked bonds.

Next, we eliminate all bonds not included in the Lehman Brothers bond indexes because
researchers in charge of the database at L ehman Brothers indicated that the care in preparing the
data was much less for bonds not included in their indexes. This resultsin eliminating data for al

bonds with a maturity of less than one year.

Finally, we eliminate bonds where the price data or return data was problematic. This
involved examining the data on bonds which had unusually high pricing errors when priced using

the spot curve. Bond pricing errors were examined by filtering on errors of different sizesand a

The only difference in the way CRSP data is constructed and our datais
constructed is that over the period of our study, CRSP used an average of bid/ask
guotes from five primary dealers called randomly by the New Y ork Fed rather
than asingle dealer. However, comparison of a period when CRSP data came
from asingle dealer and also from the five dealers surveyed by the Fed showed no
difference in accuracy (Sarig and Warga (1989)). Alsoin Section Il, the errorsin
pricing government bonds when spots are extracted from the Warga data are
comparable to the errors when spots are extracted from CRSP data. Thus our data
should be comparable in accuracy to the CRSP data.



final filter rule of $5 was selected.® Errors of $5 or larger are unusual, and this step resulted in
eliminating 2,710 bond months out of our total sample of 95,278 bond months. Examination of
the bonds that are eliminated because of large differences between model prices using estimated

spots and recorded prices shows that large differences were caused by the following:

1 The price was radically different from both the price immediately before the large error

and the price after the large error. This probably indicates a mistake in recording the data.

2. The company issuing the bonds was going through a reorganization that changed the
nature of the issue (such asitsinterest rate or seniority of claims), and this was not
immediately reflected in the data shown on the tape, and thus the trader was likely to have

based the price on inaccurate information about the bond’ s characteristics.

3. A change was occurring in the company that resulted in the rating of the company

changing so that the bond was being priced asif it were in a different rating class.

We need to examine one further issue before leaving this section. The prices in the Warga

database are bid prices as are the institutional price datareported in DRI or Bloomberg. Since

The methodology used to do thisis described later in this paper. We aso
examined $3 and $4 filters. Employing a $3 or $4 filter would have eliminated
few other bonds, since there were few intermediate-size errors, and we could not
find any reason for the error when we examined the few additional bonds that
would be eliminated.



the difference in the bid and ask price in the government market isless than this difference in the
corporate market, using bid data would result in a spread between corporate and government
bonds even if the price absent the bid ask spread were the same. How big isthis bias?
Discussion with researchers at Lehman Brothers indicates that for the bonds in our sample
(active corporate issues) the average spread was about 25 cents per $100. Elton and Green (1998)
show the average spread for governmentsis 5 cents. Thus, the biasis (25 -5)/2 or about 10 cents.
We will not adjust the spreads shown in our tables but the reader should realize they are about 10

cents too high.

. TERM STRUCTURE OF SPOTS?

In this section of the paper, we examine the difference in spot rates between corporate

bonds and Treasury bonds over various maturities. Our analysis has three parts. In the first part,

we explain why we examine spot rates rather than yield to maturity. In the second part, we

present the methodology for extracting spot rates and present the term structure of spreads over

our sample period. In the third part, we examine the pricing errors which result from valuing

corporate and government bonds using estimated spot rates.

A. Why Spots?

Most previous work on corporate spreads has defined corporate spread as the difference
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between the yield to maturity on a corporate bond (or an index of corporate bonds) and the yield
to maturity on a government bond (or an index of government bonds) of the same maturity. This
tradition goes back at least as far as Fisher (1959). Although most researchers now recognize that
there are problems with using yield to maturity, given the long tradition, afew comments might

be helpful.

The basic reason for using spots rather than yield to maturity is that arbitrage arguments
hold with spot rates, not yield to maturity. A spot rate is the yield to maturity or discount rate on
azero coupon bond. Since ariskless coupon paying bond can always be expressed as a portfolio
of zeros, it is also the rate that must be used to discount cash flows on riskless coupon paying
debt to prevent arbitrage. Thus, finding two riskless coupon paying bonds with different yields
to maturity and the same maturity date does not indicate an arbitrage opportunity, whereas
finding two riskless zeros with different spot rates and the same maturity indicates a profitable
arbitrage. In addition many authors use yield to maturity on an index of bonds. Published
indexes use aweighted average of the yields of the component bonds to compute ayield to
maturity on the index. Yieldsare not additive, so thisisnot an accurate way of calculating the

yield to maturity on an index.

When we consider corporate bonds, another problem arises that does not hold with

riskless bonds; the spread in the yield to maturity on corporates relative to governments can

change even if thereis no change in any of the fundamental factors that should affect spread,
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namely taxes, default rates and risk premiums. In particular, the difference in theyield to
maturity on corporates and the yield to maturity on governmentsis a function of the shape of the
term structure of governments. Inferences made about changes in risk in the corporate market
because of the changing spread in yield-to-maturity may be erroneous since the changes can be
due simply to changes in the shape of the government term structure. Thus, in this paper we

examine spreads in spot rates.’

B. The Term Structure of Corporate Spreads

In this section, we examine the corporate government spread for bonds in different rating
classes and with different maturities. While there are several methods of determining spot rates
from a set of bond prices, both because of its simplicity and proven success in deriving spots, we
have adopted the methodology put forth by Nelson and Siegel (N& S).” The N& S methodol ogy
involvesfitting the following equations to all bondsin agiven risk category to obtain the spot

rates that are appropriate for any point in time.

Spot rates on promised payments may not be a perfect mechanism for pricing
risky bonds because the law of one price will hold as an approximation when
applied to promised payments rather than risk adjusted expected payments. See
Duffie and Singleton (1997) for a description of the conditions under which using
spots to discount cash flows is consistent with no arbitrage.

See Nelson and Siegal (1987). For comparisons with other procedures, see Green
and Odegaard (1997) and Dahlquist and Svensson (1996). We also investigated
the McCulloch cubic spline procedure and found substantially similar results
throughout our analysis. The Nelson and Siegal model was fit using standard
Gauss-Newton non-linear least squared methods.

12
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Where
D, = the present value as of time zero for a payment that is received t periods in the future
r, = the spot rate at time zero for a payment to be received at timet

a, &, a, and a; = parameters of the model.

The N& S procedure is used to estimate spot rates for different maturities for both
Treasury bonds and for bonds within each corporate rating class for every month over the time
period January 1987 through December 1996. This estimation procedure alows us on any date,
to use corporate coupon and principle payments and prices of al bonds within the same rating
classto estimate the full spot yield (discount rate) curve which best explains the prices of all

bondsin that rating class on that date.?

8 The Nelson and Siegal (1987) and McCulloch (1971) procedures have the
advantage of using all bonds outstanding within any rating classin the estimation
procedure, therefore, lessening the affect of sparse data over some maturities and
lessening the affect of pricing errors on one or more bond. The cost of these
procedures is that they place constraints on the shape of the yield curve.

However, they do allow for awide variety of general shapesincluding upward
sloping, downward sloping, and humped curves.
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As mentioned earlier, the data we use on risky bonds only exist for bonds of maturity
longer than one year. In addition, for most of the ten-year period studied, the number of AAA
bonds that existed and were dealer quoted was too small to allow for accurate estimation of a
term structure. Finally, data on corporate bonds rated below BBB was not available for most of
the time period we studied.’ Because of this, spot rates are only computed for bonds with
maturities between two to ten years for Treasury, AA, A and BBB-rated bonds. Initial
examination of the data showed that the term structure for financials was sightly different from
the term structure for industrials, and so in this section the results for each sector are reported

separately.®®

We are concerned with measuring differences between corporate and government returns.
The corporate spread we examine is the difference between the spot rate on corporate bondsin a
particular rating class and spot rates for Treasury bonds of the same maturity. Table | presents
Treasury spot rates as well as corporate spreads for our sample of the three rating classes
discussed earlier: AA, A and BBB for maturities from two to ten years. In Panel A of Tablel, we
have presented the average difference over our ten-year sample period, 1987-1996. In Panels B

and C we present results for the first and second half of our sample period. We expect these

9 For some of our analysis, we used Moodys data and for part S& P data. To avoid
confusion we will always use S& P classifications though we will identify the
sources of data. When we refer to BBB bonds as rated by Moodys, we are
referring to the equivalent Moodys class, namely Baa.

10 This difference is not surprising because industrial and financial bonds differ both
in their sengitivity to systematic influences and idiosyncratic shocks which
occurred over the time period.
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differencesto vary over time.

There are anumber of interesting results reported in these tables. Note that in genera the
corporate spread for arating category is higher for financialsthan it isfor industrials. For both
financial and industrial bonds, the corporate spread is higher for lower-rated bonds for all spots
across al maturities in both the ten-year sample and the five-year subsamples. Bonds are priced
asif the ratings capture real information. To see the persistence of thisinfluence, Figure 1
presents the time pattern of the spreads on six-year spot payments for AA, A and BBB industrial
bonds month by month over the ten-years of our sample. Note that the curves never cross. A
second aspect of interest is the relationship of corporate spread to the maturity of the spot rates.
An examination of Table | shows that there is a general tendency for the spreads to increase as
the maturity of the spot lengthens. However, for the ten years 1987-1996 and each five year sub-

period the spread on BBB industrial bonds exhibits a humped shape.

The results we find can help differentiate between the corporate debt valuation models
derived from option pricing theory. The upward sloping spread curve for high-rated debt is
consistent with the models of Merton (1974), Jarrow, Lando and Turnbull (1997), Longstaff and
Schwartz (1995), and Pitts and Selby (1983). It is inconsistent with the humped shape derived by
Kim, Ramaswamy and Sundaresan (1987). The humped shape for BBB industrial debt is
predicted by Jarrow, Lando and Turnbull (1997) and Kim, Ranaswamy and Sundaresan (1987),

and is consistent with Longstaff and Schwartz (1995) and Merton (1974) if BBB is considered
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low-rated debt.**

We will now examine the results of employing spot rates to estimate bond prices.

C. Fit Error

Onetest of how well the spot rates extracted from corporate yield curves explain pricesin
the corporate market isto directly compare actual prices with the model prices derived by
discounting coupon and principal payments at the estimated spot rates. Model price and actua
price can differ because of errorsin the actual price and because bonds within the same rating
class, as defined by arating agency, are not homogenous in risk. We calculate model prices for
each bond in each rating category every month using the spot yield curves estimated for that
rating class in that month. Each month average error (error is measured as actual minus
theoretical price) along with the square root of the average squared error is calculated. Thisis
then averaged over the full ten years and separately for the first and last five years for each rating
category. The average error for al rating classesis very close to zero being less than one cent on
ahundred dollar bond. The root mean square error is a measure of the variance of errors within

each rating class. The average root mean squared error between actual price and estimated price

1 While the BBB industrial curveis consistent with the models that are mentioned,
estimated default rates shown in Table IV are inconsistent with the assumptions
these models make. Thus the humped BBB industrial curve isinconsistent with
spread being driven only by defaults.
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isshownin Tablell. The average root mean square error of 21 cents per 100 dollars for
Treasuries is comparable to the average root mean squared error found in other studies. Elton and
Green (1998) showed average errors of about 16 cents per $100 using GovPX data over the
period June 1991 to September 1995. GovPX data are trade prices, yet the difference in error
between the studies is quite small. Green and Odegaard (1997) used the Cox, Ingersoll and Ross
(1987) procedure to estimate spot rates using data from CRSP. While their procedure and time
period are different from ours, their errors again are about the same as those we find for
government bonds in our data set (our errors are smaller). The data set and procedures we are
using seem to produce comparable size errors in pricing government bonds to those found by

other authors.

The average root mean sguare pricing errors become larger as we examine lower grade of
bonds while the average error does not change. Average root mean square pricing errors are over
twice aslarge for AA’sasfor Treasuries. The root mean square pricing errors for BBB’ s are
almost twice those of AA’s, with the errorsin A’sfalling in between. Thus default risk leads not
only to higher spot rates, but also to greater uncertainty as to the appropriate value of the bond,
and thisisreflected in ahigher root mean square error (variance of pricing errors). Thisisan
added source of risk and may well be reflected in higher risk premiums, a subject we investigate

shortly.*

2In a separate paper, we explore whether the difference in theoretical price and invoice
price is random or related to bond characteristics. Bond characteristics do explain some of the
differences but the characteristics and relationships do not change the resultsin this paper.
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1 DEFAULT SPREADS

In this section, we will examine the magnitude of the spread under risk neutrality with
the tax differences between corporates and governments ignored. Later we will introduce tax
differences and examine whether default spreads and taxes together are sufficient to explain the

observed spot spread.

If investors were risk neutral (risk neutrality), the expected cash flows could be
discounted at the government bond rate to obtain the corporate bonds' value. Consider a two-
period bond using expected cash flows and risk neutrality. For simplicity, assume its par value at
maturity is $1. We wish to determine its value at time zero and we do so recursively by valuing it
first at time 1 (as seen at time 0) and then at time O.

Its value as of time one when it is a one-period bond has three component parts. the value of the
expected coupon to be received at 2, the value of the expected principal to be received at 2 if the
bond goes bankrupt at 2, and the value of the principal if the bond survives where all

expectations are conditional on the bond surviving to period 1. This can be expressed as™

Vi, = [C(A- Py)+aP, + (1- Ry)]e ™ @)

13 The assumption of receiving a constant proportion of face value has been made in

the literature by Brennen and Schwartz (1980) and Duffie (1998). We are
assuming that default payment occurs at the time of default. Thisis consistent
with the evidence that default occurs because of an inability to meet a payment.
We also assume that recovery rate is a percentage of par. Thisishow al datais
collected (e.g. Altman (1997)).
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Where

c isthe coupon rate

P, isthe probability of bankruptcy in period t conditional on no bankruptcy in an earlier period
aistherecovery rate assumed constant in each period

G
"t+1s the forward rate as of time O from t to t+1 for government (risk-free) bonds*

V,risthevalue of aT period bond at timet given that it has not gone bankrupt in an earlier

period.

Alternatively, valuing the bond using promised cash flows, itsvalueis:

Vy, = (C+1)e '@ @)
Where
1. r.; Istheforward rate fromt to t+1 for corporate bonds

Equating the two values and rearranging to solve for the difference between corporate and

government forward rates, we have:

c_.G aP.
S(nz-nz) — (1. 2 3

14 We discount at the forward rate. For thisis the rate which can be contracted at

time zero for moving money across time.
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at time zero, the value of the two-period bond using risk neutral valuation is

Vo = [C(1- P)+aP, + (1- R)Vy,)le ™ (4)

and using promised cash flows, itsvalue is

Voz = [C+ Ve G

Equating these expressions for V,, and solving for the difference in one period spot (or forward)

rates, we have

abk,

- (o1~ T01)
e =@-R)+ (5
Vv, +C

In general, in period t the difference in forward ratesis™

s The difference in forward rates may vary across bonds with different coupons,

even for bonds of the same rating class because, as discussed earlier, arbitrage on
promised payments is an approximation which holds exactly only under certain
assumptions (see Duffie and Singleton (1999)). Thus, the estimates of spot rates
obtained empirically are averages across bonds with different coupons, and one
single spot rate does not hold exactly for al bonds. Nevertheless, given the size
of the pricing error found in the previous section, assuming one rate is a good
approximation.
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akP,
- (61 1) = (1. PG G
e (- R.1) Voo + C (6)

Where

We can now use equation (6) to obtain estimates of the default spreads on corporate
bonds. The inputs to equation (6) were obtained as follows:. First, the coupon was set so that a
ten-year bond with that coupon would be selling close to par in all periods.*® Then, estimates of
default rates and recovery rates were computed. To estimate future default rates, we used a
transition matrix and a default vector. We employed two separate estimates of the transition
matrix, one estimated by S& P (See Altman (1997)) and one estimated by Moody’s (Carty &

Fons(1994))." These are the two principal rating agencies for corporate debt. The transition

matrixes are shown in Table|11.

16 We examined alternative reasonable estimates for coupon rates and found only

second order effectsin our results. While this might seem inconsistent with
equation (6), note that from the recursive application of equation (1) and (2)
changesin C are largely offset by opposite changesin V.
o Each row of the transition matrix shows the probability of having agiven rating in
one year contingent on starting with the rating specified by the row.
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The probability of default given a particular rating at the beginning of the year is shown
asthelast columnin Tablelll. Given the transition matrix and an initial rating, we can estimate
the probability of a default in each future year, given that the bond has not defaulted prior to that
year. Inyear one, the probability of default can be determined directly from the transition matrix
and default vector, and is whatever proportion of that rating class defaultsin year one. To obtain
year two defaults, we first use the transition matrix to calculate the ratings going into year two for
any bond starting with a particular rating in year 1. Y ear two defaults are then the proportion in
each rating class times the probability that a bond in that class defaults by year-end.*® Table IV
shows the default probabilities by age and initial rating class for the Moody’ s and S& P transition
data. The entriesin this table represent the probability of default for any year t given an initial

rating and given that the bond was not in default at timet-1.

Table IV shows the importance of rating drift over time on default probabilities. The
marginal probability of default increases for the high rated debt and decreases for the low rated
debt. This occurs because bonds change rating classes over time.*® For example, a bond rated
AAA by S&P has zero probability of defaulting one year later. However, given that it hasn’'t
previoudly defaulted, its probability of defaulting twenty years latter is.206%. In the intervening

years some of the bonds originally rated AAA have migrated to |lower-rated categories where

18 Technically it isthe last column of the squared transition matrix divided by one

minus the probability of default in period 1.

19 These default probabilities as a function of age are high relative to prior studies

e.g., Altman (1997), Moody’ s (1998).
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there is some probability of default. At the other extreme, abond originally rated CCC has a
probability of defaulting equal to 22.052% in the next year, but if it survives twenty more years
the probability of default in the next year isonly 2.928%. If it survives twenty years, the bond is
likely to have a higher rating. Despite this drift, 20 years later bonds which were rated very
highly at the beginning of the period tend to have a higher probability of staying out of default
after twenty years than do bonds which had alow rating. However rating migration means this
does not hold for all risk classes. For example, note that after 12 years the conditional
probability of default for CCC’sis lower than the default probability for B's. Why? Examining
Table Il shows that the odds of being upgraded to investment grade conditional on not defaulting
is higher for CCC than B. Eventually, bonds that start out as CCC and continue to exist will be
higher rated than those that start out asB’s. In short, the small percentage of CCC bonds that
continue to exist for many years, end 