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Abstract

Structurd mode s for valuing corporate bonds (beginning with Merton (1974)) have
been criticised for giving spreads which are (a) too small and (b) have aterm structure
in which spreads diminish with extratime to maturity. Empirica tests of models are
hampered by the complexity of red-world bonds, which have coupons, calls and
snking funds, and aso by the complicated and changing capital structures adopted by
companies. This paper exploits a new database of zero-coupon bonds issued by
closed-end fundsin the UK. These companies have very smple capita structures and
transparent values for both assets and liabilities. Between 20 and 78 bonds are
observable monthly over the period February 1992 to April 2001. Counter to
previous research, we find that model and market spreads are on average of smilar
magnitude. Similar to previous research, market spreads are high (relative to model
gpreads) for bonds which have low risk and for bonds which are near to maturity.
While the observed term-structure of credit spreads is upward-doping, this may be
explained by a predictable drift in leverage over time. On the whole, the results are
surprisngly supportive of Merton's modd and suggest that it isimportant to alow for
expected changesin leverage when computing credit Spreads.
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Testing Merton’s Model for Credit Spreads on Zer o-
Coupon Bonds

1. Introduction

Yields on corporate bonds exceed those on equivaent government bonds by an
amount known as the credit spread. The factors which affect the spread are: the
probability of default, the lossif there is a default, the taxation of corporate bonds
relaive to government bonds, and the systematic risk of corporate bonds (Elton et d,
2001). Modds of the spread then combine these factors in different ways. Structura
modds (following Black and Scholes, 1973 and Merton, 1974) use an optionpricing
approach which brings together systematic risk, probability of loss and recovery rate
into a put option on the vaue of the firm. Reduced-form modds (such as those of
Jarrow and Turnbull, 1995, and Duffie and Singleton, 1999) base their results on
exogenous hazard rates (often based on trangtion probabilities of ratings) and the loss

on default, so they do not explicitly consider firm vaue or leverage.

Structurd models are intuitively appeding but have proved rather difficult to
implement. The main problem is that the companies and their bonds are more
complicated than the textbook models. Although 15,000 corporate bonds may be
sampled in the US, this number is reduced to about 50 after firms with complicated
structures have been diminated (see eg. Eom, Helwege and Huang, 2000). The
bonds are a'so coupon-paying, so each hasto be valued as a portfolio of zero-coupon

bonds (with each coupon being an individua component).

The objective of this paper isto goply Merton’s sructurd modd to a sample of
unusualy smple corporate bondsin the UK, to see whether there are systematic
differences between observed (market) spreads and model spreads. The sampleis
exceptiona because the bonds have no coupons, the companies have only one issue of
bonds and each company is liquidated at the bond’ s maturity. In addition, because
these are financia companies, they are obliged to publish the market value of ther
assets at least once per month. The companies are known as split-capita closed-end
funds and they have been sampled monthly in this sudy from February 1992 to April
2001.



In contrast to previous studies, we do not find that Merton’s model predicts spreads
which are too smdl. On average, across our nine-year sample of between 20 and 78
bonds, the mode and market spreads are of smilar magnitude. At the sametime,
using cross-sections at three different dates, we confirm two of the systematic biases
found in previous studies, namely that model spreads are “too small” (i) for bonds
which are near to maturity and (ii) for companies with low leverage and volatility.

Another controversy on which we shed some light is whether structurd modedls
produce the right shape for the term-structure of credit spreads. In cross-section, our
sample of medium-risk bonds consistently produces an upward-doping ternt
structure. Models predict that it should be upward-doping for rdatively safe bonds
and downward-doping for risky bonds. The solution to this conundrum appears to be
that the leverage of the companies changes over time, being higher when bonds are
issued than when they mature. Allowing for this leverage effect leads to mode term-
sructures of credit risk which are upward-doping, as empiricadly observed. This
result is consigtent with the recent studies by Helwege and Turner (1999) and by He,
Hu and Lang (2000), which condder pairs of bonds issued by the same company in
order to diminate leverage effects. It dso reinforces the concluson of Callin-
Dufresne and Goldstein (2001) thet it is important to take account of the expected
trgectory of leverage when computing credit spreads.

Using time-series data, we are able to explain about one quarter of the deviation of
market spreads from moded spreads, based on movementsin market voltility, the
term-structure of interest rates and the discount on closed-end funds. We suggest that
investors may not be fully rationd in the way they adjust the credit Soread in relation

to thesefactors. The difficulty in atributing changes in Soreads to economic variables
has aso been noted by Callin-Dufresne, Goldstein and Martin (2001), who conclude
that credit soreads are driven by "loca demand/supply shocks'. Wethink that this

evidence is congstent with changesin investor sentiment.

The paper iswritten asfollows. In the second section we review previous work on
credit spreads and describe the setting of the paper. In the third section we discuss the
data to be used and the modd. In the fourth section the results are given and



discussed. Thefifth, and find, section gives the conclusions and implications of this
study.

2. Review and Problem Setting

As dready stated, the literature on credit spreads is divided into structurd models
(using optionpricing, after Merton (1974)) and reduced-form models (e.g. Jarrow and
Turnbull (1995), Duffie and Singleton (1999)). This paper isonly concerned with
structural modds and their performance. *  For avery smple firm which comprises
equity and one zero-coupon bond, the pay-off a maturity to the risky bond has the
features of arisk-free bond less the vaue of a put option on the firm’'svaue which is
struck at the bond’ s face vaue (X) — see Figure 1. If the company has other debt
which isrisk-free and ranks above the bond with face-vaue B, then the bond payment
a maturity hasthe profile of abull spread and the risky bond isequd in vaueto a
risk-free bond, less the value of a put option struck at B+X — see Figure 2. Itisthen
an dementary caculation to find the put-option vaue and so the vaue of the risky
bond.

One basic feature of Merton’s modd is that the firm'’s value drifts upwards over time
(at the risk-free rate in the risk-neutra world of option pricing) and so its leverage
fdls Thisisillugrated in Figure 3, where the whole digribution of firm vaue
eventuadly exceeds the exercise price of (B+X) and the bond becomes risk-free. The
resulting profile for the term- structure of credit spreads generated by the mode is
downward-doping (see Figure 4), because of the implicit fal in leverage of the firm

over time.

Merton’smodel has been extended in many ways. For most companies it seems more
redigtic to assume that there is atarget leverage ratio which they try to mantain by
issuing or retiring debt. Schoebd (1999) and Collin-Dufresne and Goldstein (2001)
assume congtant leverage, which results in much larger spreads and aterm structure in
which spreads increase with maturity. Leland and Toft (1996) use adightly different

! There are al so some papers which try to combine elements of both types of model. For example,
Cathcart and El-Jahel (1999) use a hazard rate together with a structural model and Wang and Hodges
(2001) incorporate amoving average of changesin firm value into areduced-form model.



modification, which isto assume that default on a coupon date is avoided by issuing
new equity. This*“option to reduce leverage’ dso resultsin much larger spreads than
in the basic Merton modd.

A second modification is concerned with companies which have severa issues of
bonds. If the company failsto pay acoupon a any time, then al of the bonds default
smultaneoudy. Longstaff and Schwartz (1995) assume that default occurs on al
bonds when the firm’s vaue reaches a particular barrier and they incorporate this
feature into Merton'smodd.? Longstaff and Schwartz (1995) also alow interest rates
to be stochagtic, following a procedure used in Black and Cox (1976).

Empirica studies of credit spreads using structural models are quite rare. They are
complicated by the following features: (i) companies have more than one issue of

debt; (i) the debt is coupon-paying; (iii) there are cdl features and sinking funds; and
(iv) the firm value mugt be known in order to find its voldtility, yet a the same time

the volatility affects the vaue of the debt and hence the firm vaue. In particular the
need to exclude companies which do not have very smple capitd structures has led to
amdl samples of bonds being available for testing the models.

Jones, Mason and Roenfeld (1984) consider 27 firms with smple capital structures,
monthly over 1978-81. Their main conclusions are that Merton’s model generates
gpreads which are smdler than those observed in the market, particularly for low-
grade bonds.® Ogden (1987) investigates 57 new bond issues over 1973-85. Model
Spreads are on average 104 basis points smaller than those observed in the market and
the differences are rdated to the level and dope of the term- Structure of interest rates.
Eom, Helwege and Huang (2000) use asample of 54 bonds (from 48 firms) in
December 1997 and compare the pricing errors generated by the models of Merton
(1974), Geske (1979), Longstaff and Schwartz (1995), and Leland and Toft (1996).
Spreads from Merton’s model are 10-15% too small and the extension by Geske,
which alows for serid dependence in coupon defaults, does not make much
difference. The modd of Longstaff and Schwartz generates spreads which are on

2 Briys and de Varenne (1997) and Schoebel (1999) make further refinements which overcome the
problem of payments to bondholders potentially exceeding the value of the firm.



average of the right magnitude, but with meanabsol ute- percentage errors just as large
asfor Merton'smodel. Leland and Toft’s approach generates spreads which are even
larger and subject to greater errors (between market and model prices). The upshot of
the study is that the smple structura models (Merton and Geske) forecast spreads
which are smdler than market spreads, particularly for companies which have low
leverage and low volatility, but the more complicated structura models which

produce larger spreads (L ongstaff/Schwartz and Leland/Toft) aso produce large
errors. Another finding is that whether amode dlows for stochagtic interest rates or

not does not make much difference.

Some other empirica papers dedling with the term-structure of spreads are also
relevant to our sudy. Practitioners claim that the term-structure should be upward-
doping, but structural models (Merton (1974), Longstaff and Schwartz (1995)) and
reduced-form models (Jarrow, Lando and Turnbull (1997)) predict that it will dope
upward for high-grade bonds and downward for low-grade bonds. Theintuitionis
that low-grade bonds have a chance to upgrade, hence their declining spread, and the
converse for high-grade bonds. Helwege and Turner (1999), using pairs of bonds
from the same compary, confirm that B and BB rated bonds do show an upward
dope (contrary to the earlier cross-sectiond studies of Sarig and Warga (1989) and
Fons (1987)). Using asimilar gpproach, He, Hu and Lang (2000) confirm the upward
dopefor high-grade (B or better) bonds and a downward dope for low-grade (CC or

worse) bonds.

Other real-world features which may increase spreads but do not affect the shape of
the term-structure are taxation and transactions costs. According to Elton, Gruber,
Agrawd and Mann (2000) the taxation of corporate bondsin the USis higher than of
government bonds and this should “fatten” the spread. Similarly, Ericsson and
Renault (2001) find that thereis aliquidity premium in the observed credit soread

which increasesits Sze.

The implications for the current study of this brief review are asfollows: (i) structura
models tend to predict smaller spreads than those observed in practice, except if

% They report in terms of prices rather than spreads, finding that on average investment-grade bonds are



leverage is dlowed to change over time; (i) the models forecast particularly small
spreads for bonds which are near to maturity and for companies with low voléility
and low leverage; (iii) there is some evidence that the models predict the correct
shape of the term-structure of spreads — upward for high-grade bonds and downward
for low-grade bonds; (iv) most empirica studies have had to adjust for coupons and
have been based on small samples of companies which have smple capitd structures.
This study does not suffer the limitationsin (iv) and it ams to provide answersto

questions (i) to (iii).

3. Dataand Mod€

The sample congsts of zero-coupon bonds issued by closed-end fundsin the UK. A
closed-end fund is a quoted company which holds a portfolio of investments on behalf
of its shareholders. Split-capital closed-end funds, which have existed since 1965 in
the UK, are financed gpproximatdy 50% with debt and 50% with equity (see
Gemmill, 2001, for more details). On average, one third of the debt is bank loan and
the remaining two-thirds is zero-coupon bonds, known as “ zero-dividend preference
shares’ (ZDPs). These bondsrank immediately after the bank debt and before any
other classes of share. Unlike most closed-end funds, these split-capitd funds have a
fixed maturity which coincides with the maturity of the bonds.

The capital structure of atypica split-capital closed-end fund isillugtrated by the JP
Morgan Fleming Income and Capitd Investment Trugt. Thiswas launched in
February 2002 and winds-up after six years. It comprised at issue:

Bank loan
0 20% of capita

Zero-dividend preference shares (zero-coupon bonds)
0 36% of capita

Ordinary shares
0 44% of capita

worth 0.5% less than predicted and |ow-grade bonds are worth 10.5% |ess than predicted.



The bonds were issued at a price of 100 pence and promise to pay 154.15 pence on
29" February 2008, so that the prospective yield is 7.5% per annum.

Our sample comprises between 20 and 78 bonds, observed monthly over the period
February 1992 to April 2001 (see Figure 5).* In totd there are 4594 “fund month”

obsarvations, dightly lessthan the full population because records are missing for six

particular morths from the 111-month series.
Given avaue B for the bank |oan and aface-vaue X for the bonds, the value of the
bonds (Z) may be equated to buying a call option on the portfolio at exercise price B

and sdling acal option on the portfolio a exercise price (B+X). We have,

Z=¢(B) —c(B+X) D

where ¢( ) denotes acal option.

The prospective pay-off to thisbull soread & maturity has dready been illudtrated in
Figure 2. It isconvenient, and relaively plausible, to assume that the bank loan (B) is
risk-free. The reason is that the banks impose severe covenants, requiring assets to
exceed debt by at least 1.75t0 1.85 times.® Under this assumption we may write,

c(B) =V —PV(B) )

where V denotes firm value and PV denotes the present-vaue operator. Combining
(2) and (2) leads to,

Z=V —PV(B) — c(B+X). (3)
From put/cal parity we have,
V —¢(B+X) = PV(B+X) — p(B+X) (4)

where p( ) denotes a put option. Rearranging (3) with (4) leads to,

* The data come from the Cazenove Monthly Review of Investment Trusts.



Z = PV(X) — p(B+X) (5)

which gates that a zero-dividend preference shareis equd in value to the present
vaue of arisk-free bond less the vaue of a put option for which the exercise price is
equal to the sum of the payments due a maturity on the bank loan and the bond.

The put is European and, assuming constant interest rates, can be vaued with the
Black and Scholes equation. For the closed-end fundsin this study, the vaue of the
company (V) istaken to be the market value of the portfolio held (i.e. its gross asset
vaue) and the voldility may be estimated from the time-series of that value. Inthe
study the risk-free rate is taken from an estimated term-structure of rates for the
relevant day. ® An adjustment for the dividend yield is made, based on the dividends
paid-out on each fund's portfolio.

4. Results
The firg festure which we examine is the term-structure of credit spreads. Figure 6
plots the observed relationship for the sample of bondsin June 2000. Thereisa
discernible tendency for the spread to rise with meturity, as shown by the fitted curve.
Asdready illustrated in Figure 4, Merton’s model indicates that the spread should fall
with maturity (based on a representative volatility of 15% and bonds which are at-the-
money or in-the-money.” The contrast between the market and the mode is great, but
may be explained by considering the expected change in moneyness over time.

Figure 4 assumes that moneyness is constant, so a bond which isissued a-the-money
remans o until maturity. In redity zero-dividend prefence shares are issued at-the-
money and may be expected to move into-the-money over time, asthe vaue of the
portfalio drifts upwards. Effectively the leverage of anew issueis higher than that of
afund which is close to maturity. Figure 7 plots the term structure which the model
would generate if afund' s vaue drifted upwards at arate of 7% per annum, implying
that bonds which start 34% out- of-the-money will finish after ten years 30% in-the-

® This has similarity to aCDO structure, see e.g. Duffie and Garleanu (2001).
® We are grateful to the Bank of England for providing these data.



money. The changing moneyness and leverage generate an upward-doping term
dructure, which is consstent with the upward dope in our sample for June 2000 and
which aso arises in other months. Merton’s mode is consstent with the upward-
doping term-structure of credit spreads which we observe, provided that we assume
thet leverage fdls systematicaly as the bonds move closer to maturity.

We turn now to the results for average spread across dl bondsin each of the months.
Table 1 and Figure 8 summarise the monthly differences between market yidds ad
mode! yields for the period February 1992 to April 2001. In the early part of the
sample, market yidds are sgnificantly less than modd yields, but then for along
period between 1994 and 1999 the two yields are rather smilar. After March 2000,
for thelast year of the sample, the market yields significantly exceed modd yidds.
These results are different from those in previous studies, which aways find market
yieldsto exceed modd yidlds (e.g. Eom et a, 2000). Our study therefore appearsto
support the Merton model much more strongly than previous empirica studieswhich
have all been based on US data and on coupon-paying bonds.

An explanation of the contrasting UK and US results could be due to differencesin
taxation of corporate bonds in the two countries. Elton et d (2001) attribute about
onethird of the observed US spread to state and local taxes, which apply to corporate
bonds but not to treasuries. It would therefore not be surprising if mode spreads
appeared to be smaller than market spreadsin the US, dthough surprisingly only
Elton et d have discussed tax as afactor in thisregard. For the UK, not only is there
no extratax levied on corporate bonds, but aso the particular bonds of this study
benefit from being taxed as capitd gains rather than asincome. We would therefore
expect the market spreadsin the UK to be somewhat smaler than for equivaent
bondsin the US, which could (at least partidly) explain the closer fit with Merton's
mode.®

The next question is how well the model captures cross-sectiond variation in spreads.
Todo this, the samplesin June 1992, June 1996 and June 2000 are used, as they

" By in-the-money is meant with assets for which the present value exceeds the final payment on the
bond.
® The tax benefit is discussed in Gemmill, 2001.
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represent periods in which the average market spread (relative to the model spread) is
respectively too smdl, about right, and too large. Figures 9, 10 and 11 plot model
yields againgt market yields for these dates. Thereisaconvincingly positive
relationship between modd and market yieldsin each period, particularly so in June
1996 when the averages for the two are of very smilar magnitude.

In specifying aregression to explain the difference between market spreads and model
goreads, severd factors may comeinto play: (i) amore liquid bond may have a
smaller market spread, and thisis proxied by the total vaue of the bondsin agiven
issue; (i) previous sudies show that more risky (leveraged) bonds have extra-large
Sporeads and this possibility is proxied by a moneyness variable (where high
moneynessimplies low leverage and low risk of default)®; (i) the model may be
biased in relation to the term-structure of credit spreads and this may be tested by
including a variable for time to maturity. Because the digtributions of the independent
variadles are sgnificantly non-normd, they are specified in log form, i.e.

(market spread - model spread) = a+ b log (size of issue) + ¢ log (forward
moneyness) + d log(years to maturity) + error term (6).

Thereaults of the estimated regressons are given in Table 2. Thefirdt result isthat
there is a congistent impact of moneyness, sgnificant at the 1% level in two of the
years and at the 5% level in the third year. Thisindicates that when thereislow
leverage the modd tends to underestimate the market spread, which is precisdly the
result found in the US literature. The modd attributes “too small a spread” to safe
companies. The second result is a negative impact of years to maturity on the market
gpread over modd spread (Sgnificant at the 5% level in Al three years), which
indicates that the modd attributes “too smal a soread” to bonds which are near to
maturity.’® Again, this result is consistent with the US literature. The third result is
thet 9ze of issue, aproxy for liquidity, has no sgnificant impact in any year and
therefore appears to be unimportant. To summarise, these cross- section regressons

suggest that the same biases exigt in our UK sample of zero-coupon bonds as exist for

® We use forward moneyness, rather than current moneyness. Thisisamore appropriate measure of
leverage and it reduces collinearity with the time-to-maturity variable.



US couport+paying bonds —i.e. modd spreads are too small for leveraged companies

and for bonds which are near to maturity.

These biases are further examined in Figure 12, which plots the difference between
market yields and modd yidds in June 2000 againgt both maturity and forward
moneyness. The dedlining effect of maturity is clearly visble for both deep in-the-
money and lessin-the-money bonds, but it falsless stegply with maturity for the
former. To explain these results we therefore need to find one factor related to
meaturity and another factor related to moneyness. We think that the maturity effect
may be relaively easly explained by transactions cogts. The bid/ask spread on these
bondsistypicaly about 1%, or %% on each Sde. Thereisaso atax (stamp duty) on
purchases of %6, so the tota transactions costs in buying a bond may be 1%. If this
isamortised linearly over the holding period to maturity, then it is 0.2% per annum on
afive-year bond but 2% per annum for a bond which has only sx months to maturity.
It follows that yields on short-life bonds will need to be much higher than those on
longer-term bonds to compensate for these costs. Ericsson and Renault (2001) use
liquidity arguments to generate a maturity effect, but we think that transactions costs
area much smpler (and more plausible) explanation.

The moneyness effect is more difficult to explain. In Merton's modd, a deep in-the-
money bond should trade at the same yield as arisk-free (government) bond. Figure 1
suggests that there are about 50 basis points of extrayield to explain. Clearly
transactions costs are going to make these bonds less attractive than equivaent
government bonds, under dl conditions. One possibility why in-the-money bonds
show more biasisthat it is more transparent for them, given that they are compared
agans arisk-free benchmark. A further contributing factor to the size of spread may
be a smdl chance of re-gtructuring or default prior to maturity, which would lead to
anincreasein required yidd regardless of maturity.

Next we consder the time- series behaviour of the market spread minus mode spread,
using the monthly average data dready plotted in Figure 8. We hypothesise thet the
following varigbles may have an influence: (i) the market volatility over the last 20

10 The alternative interpretation, that distant bonds have excessively large model spreads, is rejected by
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months, because investors may respond to thisin away which is different from that
implicit inthemodd -- in other words, investors may not be completely rationd; (i)
the premium on closed-end funds, because alarger premium may result in an
upgrading of the bonds -- thiswould aso not be rationd, since the bonds are repaid
from the gross asset vaue and not from the fund's equity, so the premium is
irrdlevant; (iii) 10-year interest rates and (iv) the spread of 10-year rates over one-
year rates, because movements in the term-structure of interest rates may affect
market spreads relative to model spreads in some complicated way (as suggested by
Ogden, 1987).

Sngle-variable plots of modd "errors’ (i.e. market spreads minus mode spreads)
againg the premium on closed-end funds (Figure 12) and againgt market voldtility
(Figure 13) suggest that there may be quite strong effects of these variables. The
regression is estimated in firg-differences, asthat is required for Sationarity of the
variables. A correction is made for heteroscedasticity by weighting each month’s data
by the estimated cross-sectiond variance in that month (which should be a highly-
gppropriate procedure for accommodating the changing variance). The form of the

regressonis

D(market spread - model spread) = a+ bD (market volatility) + cD(closed-end-fund
premium) + dD(10-year interest rate) + eD(10-year interest rate minus 1-year interest

rate) + error (7).

The coefficients from the regression, dl of which are sgnificant a the 5% leve or
better, are given in Table 3. Some caution is needed in interpreting these results. The
sgnificance of the coefficients may either indicate that the mode iswrong, or it may
indicate that the market is inefficient (and subject to movements based on investor
sentiment). Smdl investors are the main holders of these closed-end-fund bonds and
changesin ther "sentiment” have been shown to have an impact on the prices of
closed-end funds (Gemmill and Thomas, 2002). We will therefore take a behavioura
gpproach to interpreting the results in this study, i.e. an interpretation based on the
likelihood thet there is changing investor sentiment.  This interpretation isaso

atabulation of the data.
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supported by the recent study of Callin-Dufresne, Goldstein and Martin (2001) which
finds that credit spreads are mainly influenced by "loca supply/demand shocks'
rather than well-defined fundamenta factors.

The firg result isthat higher market volatility reduces the market spread rdative to

the modd spread. In other words, in risky periods the market prices of the bonds are
bid up relative to modd prices. One reason for this might be due to investors seeking
"safe havens' in unsettled periods (to anirrationd degree). The result suggests that
the model underestimates (or market overestimates) spreads not just for low-risk
bonds, as found in cross section, but for al bonds in low-risk periods. The second
result is that when the closed-end fund premium increases (discount fals), the market
gpread widens relative to the model spread. The interpretation may be as follows.
When the stockmarket rises there is a tendency for the closed-end-fund premium to
rise (as private investors increase their holdings of closed-end funds, see Gemmill and
Thomeas, 2002). A shift in investment towards closed-end-fund equity might
gmuitaneoudly be associated with amove out of closed-end-fund bonds, leading to
wider spreads. The third result is that market spreads increase relative to model
spreads when the term-structure steepens and interest-rates fdl, which confirmsthe
result from the study by Ogden (1987) on US bonds. Such a shift in term structure is
associated with a change from boom to recession in the economy and it suggests that
investors downgrade bonds (increasing market spreads) more severely than suggested
by the mode at such atime. Once again ashift in sentiment would be consstent with
this result.

14



5. Conclusons and Final Thoughts

This study applies Merton’'s modd to a sample of zero-coupon bonds in the UK.
These particular bonds are especidly appropriate for atest of the modd, because the
issuing companies are closed-end funds which have very ample capita structures and
trangparent vaues. To the best of our knowledge, there has been no previous
empirica study of Merton's modd based upon zero-coupon bonds, becauseit is

difficult to find asample.

Our results rgject one previous finding but confirm others. The previous finding

which we rgject is that the modd generates spreads which are less than those in the
market. We find that market spreads are on average equa to mode spreads, for the
20 to 78 bonds which we observe monthly from February 1992 to April 2001. Inthe
first year of the sample, when these zero-coupon bonds are an innovation, the market
spread iswell below the model spread. For the last year of the sample, when the
stockmarket is volatile and has made a downward shift, the market soread exceeds the
model spread. For the seven yearsin between, the market and model spreads are
quite close together for the average bond.

Thefindings which we confirm empiricaly (from cross-section analysis at three
Separate dates) are twofold. First, the modd spreads are smdll relative to market
spreads for bonds which are near to maturity. Second, modd spreads are aso “too
gmdl” for bonds which have low leverage.

Another aspect on which we shed some light is whether the term-structure of credit
spreadsis upward or downward doping. In cross-section, our sample of bonds shows
an upward-doping profile for the term-structure of credit spreads. Thisis perfectly
consstent with the profile generated by Merton’smodel, aslong as it is assumed that
there will be adrift in leverage over time. In particular, for our sample of bonds which
areissued by closed-end funds, the leverage may be expected to fal over time,

causing the spread to fall on each bond as it gpproaches maturity. This observation

15



supports the argument of Callin-Dufresne and Goldstein (2001), that specifying the
appropriate target for leverage has alarge influence on modd spreads.

Finally, with respect to conclusions, we find that there are systematic movements over
time in the the difference between market spreads and model spreads. This difference
is sengtive to market volatility, to the premium on closed-end funds and to the shape
of the term-structure of interest rates. The zero-coupon bonds of this study are
predominantly held by small investors and the changes in soreads may possibly be
interpreted as responses to changing investor sentiment. While our interpretation is
open to the usua cavest, namely that what we attribute to market inefficiency could
aso be atributed to use of an ingppropriate modd, it is consstent with the study by
Callin-Dufresne, Goldstein and Martin (2001), which finds thet local demand/supply
shocks rather than more fundamenta factors are the main influence on changesin US
credit spreads.

In relaion to fina thoughts, the large question which remains unanswvered is why
Merton’s modd has moneyness and time-to-maturity biases? The market attributes
much larger soreads than the modd to bonds which are close to maturity and
goparently safe. Ericsson and Renault (2001) find thet liquidity might account for a
70 basis-point spread, but our cross-section regressons find no relationship between
liquidity (proxied by sze of issue) and spread. Another possibility isthat the
digtribution of firm vaue exhibits kurtoss, so that the put vauesin Merton’s modedl
are underestimated and the model yields aretoo low. The kurtosis has its largest
impact on mode vaues when abond is both near to maturity and relatively safe.

Further research dong these lines is required.

1 Ericsson and Renault (2001) use asample of US corporate zero-coupon bonds to test indirectly for

the presence of liquidity risk.
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Table 1 Summary of the Monthly Deviation of Market Spreads from Modd Spreads

period average of standard t-vdue maximum minimum
monthly error month month
devidions deviation deviation
(percentage
points of
rate)
2/921t0 1/94 | -1.4839 0.2401 6.180 *** | 0.9033 -3.1534
2/941t0 /96 | 0.0512 0.0946 0.541 1.0982 -0.5436
2/96t0 /98 | 0.4311 0.0583 7.393*** 1 0.9061 -0.1360
2/981t0 /00 | 0.3748 0.0843 4.445** | 1.3824 -0.2183
2/00to 4/01 | 1.4533 0.1167 12.456*** | 2.0343 0.2869
whole 0.0651 0.1094 0.596 2.0344 -3.1534
sample

* xx kxx indicate Sgnificance at 10%, 5% and 1% levels

Table 2 Cross-Section Regressions to Explain (market spread — model spread)

sample | intercept | log issue vdue log forward log years RF | N
date (lquidity) moneyness (maturity)
(low leverage)
June -4.9222 | 0.1911 3.1284 -0.7563 0.79| 24
1992 | (1.866)* | (1.467) (9.662)*** (2.181)**
June -2.5727 | 0.1681 0.7306 -0.2927 0.30| 41
1996 | (1.412) (1.669) (2.234)** (2.234)**
June -1.9186 | 0.1783 1.1955 -0.3871 0.33| 68
2000 | (0.841) (1.458) (3.426)*** (2.102)**

Notes. numbersin brackets are White heteroscedasticity-corrected t values

*, ** *x* indicate dgnificance a 10%, 5% and 1% levels
one outlier removed in June 1996 sample
one outlier removed in June 2000 sample
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Table 3 Time-Series Regresson to Explain D(market spread — model spread)

intercept D market D closed-end- D10-year risk- | D10-year
volaility fund premium free rate minus 1-year
risk-free rate
-0.0261 -0.0979 0.0638 -0.5067 0.3611
(0.692) (3.091)*** (2.019)** (3.939)*** (3.552)***

R? weighted = 0.24, unweighted = 0.16
N = 98 (after losing 12 observations due to differencing, with gaps)
DW (weighted) = 2.09
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Figure 1: Pay-Out to Risky Bond
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Figure 3 Drift in Firm Value Relative to Exercise Price
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Figure 4: Credit Spreads on Zero Bonds (Merton)
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Figure 5: Sample Size in each Month
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Figure 7: Merton's Model Credit Spreads with Share Drift

(based on changing moneyness)
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Figure 8: Market Spread Minus Model Spread

(with 95% confidence range)
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Figure 9: Model Yield v. Market Yield in June 1992
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Figure 11: Model Yield v. Market Yield in June 2000
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Figure 12: Market Spread Minus Model Spread in 6/00
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Figure 12: Model "Errors" and the Premium

on Closed-End Funds
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Figure 13: Model "Errors"” and Market Volatility
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