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Abstract

We build a structural two-factor model of default where the stock mar-
ket index is one of the stochastic factors. We allow the firm to adjust
its leverage ratio in response to changes in the business climate, for
which the past performance of the stock market index acts as a proxy.
We assume that the firm’s log-leverage ratio follows a mean-reverting
process and that the past performance of the stock index negatively
affects the firm’s target leverage ratio. Our model shows that the past
performance of the stock index returns and the correlation between
the firm’s assets and index returns have a significant impact on credit
spreads. Hence, our model can explain why credit spreads may be
different within the same credit-rating groups and why spreads are
lower during economic expansions and higher during recessions. We
also show that our model may explain actual yield spreads better than
other well known structural credit risk models.
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Theoretical models of default can be classified as either structural or
reduced-form ones. In structural models (see, for instance, Merton (1974),
Longstaff and Schwartz (1995), Leland (1994), Leland and Toft (1996),
Collin-Dufresne and Goldstein (2001)), default occurs when the value of
a latent variable, usually the firm value, hits the default boundary. In the
above mentioned structural models the default boundary is set exogenously.
For example, in the Merton model, the default boundary is equal to the
promised principal payment at maturity, and default occurs if the value of
the firm at maturity is below the principal bond value. In Leland (1994)
and Leland and Toft (1996), the firm’s default boundary is endogenously
defined. Given the fact that the firm value is modelled as a continuous dif-
fusion process, default is a fully predictable event in structural models. To
the contrary, reduced form models (see, for instance, Jarrow, Lando, and
Turnbull (1997), Duffie and Singleton (1999)) abstract from the firm value
process. In this class of models default is treated as an unpredictable event
and is driven by a jump process. Reduced form models are primarily de-
signed to fit the observed credit spreads, while structural models rather look
at the fundamentals of default.

Structural models have been extended to allow for a second state vari-
able. In most cases, this second state variable is the short-term interest
rate (see for instance Longstaff and Schwartz (1995) and Collin-Dufresne
and Goldstein (2001)). However, the empirical evidence on these two factor
bond pricing models remains rather mixed (see Huang and Huang (2002)).

Our study is inspired by the empirical evidence that corporate bond
prices and credit spreads significantly depend on the overall business cli-
mate. For example, Chen (1991), Fama and French (1989), Friedman and
Kuttner (1992) and Guha and Hiris (2002) find that credit spreads behave
counter-cyclically i.e. credit spreads tend to increase during recessions and
narrow during expansions. Collin-Dufresne, Goldstein, and Martin (2001)
include the S&P500 return to proxy for the overall state of the economy
and find a highly statistically significant and negative relationship between
credit spreads’ changes and the index returns. Landschoot (2003) studies
the determinants of the Euro term structure of credit spreads and also finds
that DJ Euro Stoxx returns significantly and negatively affect credit spreads.

Therefore, we propose a two factor structural model of default which
incorporates both firm’s specific risk and systematic, e.g. overall business
climate, risk. In our model, the first factor is the stochastic value of the
firm’s assets and the second factor is the value of the stock market index.
Our model aims to explain how the performance of the stock market index
(which is a proxy for the business climate) and the correlation between the



firm’s assets and index returns directly! affect corporate bond prices and
resulting credit spreads.

In the paper, we allow the firm to adjust its capital structure, and hence
its leverage ratio, dynamically. We model the dynamics of the firm’s log-
leverage ratio as a mean-reverting process, where the target (or long-term)
leverage ratio is assumed to be negatively affected by the stock market per-
formance. Even though our modeling is similar to the one in Collin-Dufresne
and Goldstein (2001), our assumption about the mean-reverting log-leverage
ratio is based on market timing and trade-off theories of corporate debt-
equity issuance policies, whereas Collin-Dufresne and Goldstein derive the
log-leverage dynamics endogenously by assuming that default threshold fol-
lows a mean-reverting process. Thus, our model is consistent with the facts
that firms have target leverage ratios and time their equity and debt is-
sues according to the business climate. In the following section, we provide
theoretical and empirical evidence which supports such a modeling.

Our model shows that credit spreads tend to widen when the perfor-
mance of the stock market index is weak, and vice-versa. This agrees with
the empirical evidence that credit spreads tend to be lower during economic
expansions and higher during recessions. Also, we show that credit spreads
are higher when the correlation between the firm’s assets and index returns
is higher. This may explain why bonds with similar credit ratings but in
different industries can have significantly different credit spreads. Finally,
when comparing the performance of our model to the one of Merton (1974),
Longstaff and Schwartz (1995) and Collin-Dufresne and Goldstein (2001)
models, we find that our model is generally superior especially when we
look at credit spreads of medium- and long-term investment grade bonds.

The rest of the paper is organized as follows. In section I, we make a
brief review of theoretical and empirical studies on firms’ capital structure
choices which support our modeling of the dynamics of the leverage ratio. In
section II, we present the model and its assumptions. We describe the bond
pricing methodology is section III. In section IV, we discuss the numerical
results of our study and conduct a sensitivity analysis. We also compare
the credit spreads generated by our model with the average market yield
spreads and with the spreads resulting from Longstaff and Schwartz (1995),
Collin-Dufresne and Goldstein (2001) and Merton (1974) models. Section
V concludes the paper.

!There is also an indirect effect: from the CAPM, it follows that firms’ asset values
depend on their covariance with the stock market returns.



I. Capital structure choices: theory and empirical evidence

Our theoretical model of corporate default is based on the assumption
that firms continuously adjust their capital structure in response to changes
in the business climate and also to changes in their assets’ value. Namely,
we assume that the firm’s log-leverage ratio follows a mean-reverting pro-
cess where the long-term mean leverage is negatively related to the per-
formance of the stock market index (see equation (6) below). In fact, the
latter assumption rests on two hypotheses. The first one is that firms tend
to decrease their leverage (for example, by issuing new equity) if their cur-
rent leverage ratio is above the target value, and to increase their leverage
(for example, by issuing new debt) if their current leverage ratio is below
that target. This implies mean-reversion in the dynamics of leverage ratios.
The second hypothesis about a negative relationship between firms’ target
leverage ratios and the stock index performance implies that firms adjust
their target leverage ratios over time: they set their target leverage ratios
at lower levels during periods of economic expansions and raise them during
recessions. In order to see whether our assumption is consistent with the
capital structure theory and empirical facts, we now look at the existing
theoretical and empirical literature on firms’ capital structure choices.

The first hypothesis is in line with the so-called trade-off theory of the
capital structure. This theory is based on the view that firms trade-off
tax benefits of debt financing and costs of financial distress. Such a trade-
off leads to an ”optimal” capital structure choice. A number of empirical
studies have shown that firms tend to make financing choices based on target
leverage ratios (see, for example, Hovakimian, Opler, and Titman (2001) and
Marsh (1982)).

The second hypothesis is in line with timing models of corporate capital
structure. Those models are based on the evidence that firms tend to time
their issuance of corporate securities. For example, Moore (1980), Marsh
(1982) and Taggart (1977) document that firms prefer to issue equity when
the value of equity is relatively high (which are typically periods of economic
expansion), and to issue debt when interest rates are relatively low (which
are periods of economic contraction). Similarly, Choe, Masulis, and Nanda
(1993) show that firms tend to issue more equity than debt in expansionary
periods of the business cycle. They explain these financing patterns by
changes in adverse selection costs. That is, during periods of economic
upturns, i.e. when the relative value of the firm’s equity is typically high,
the negative price reaction associated with an equity offering announcement



is smaller. Other studies on timing of securities issuances focus on firm-
specific variables to explain variations in firms’ leverage ratios?.

In addition to theoretical and empirical studies on the capital structure,
we would also like to cite the study by Bancel and Mittoo (2002) who sur-
veyed managers of firms in sixteen European countries to examine the link
between theory and practice of capital structure choices. The results of this
survey (see Table I) are also in favor of our modeling of the dynamics of the
leverage ratio. Namely, nearly 60% of the respondents admitted that they
consider a target debt ratio when issuing equity, and that they prefer to
issue equity when the stock price has recently risen. Nearly 45% of surveyed
managers said that they would rather issue debt when interest rates are low
or when their equity is undervalued. Finally, nearly two-thirds of surveyed
CFO in the U.S. admitted to pursue a market timing strategy (Graham and
Harvey (2001)).

[Insert Table I

II. The Model

In this section we present our modeling assumptions and develop a
continuous-time valuation framework for risky debt. This framework is then
used in the next section to price risky corporate bonds.

We build a structural two-factor model of default where the value of the
firm’s assets and the stock market index are the underlying stochastic fac-
tors. In the model, we assume that the firm continuously adjusts its capital
structure, i.e. issues either equity or debt, in response to the observed past
returns of the stock market index and to changes in its leverage ratio. Our
modeling approach is similar to the one of Collin-Dufresne and Goldstein
(2001), which in turn extended and corrected the paper by Longstaff and
Schwartz (1995). In the above two studies, a stochastic risk-free interest
rate, along with the stochastic firm’s value, determine the pricing of risky
bonds and corresponding credit (yield) spreads. In our model, the risk-free
rate is assumed to be constant. Instead, we introduce a stochastic stock

2Baker and Wurgler (2002) study the effect of equity market timing on capital structure.
Their findings indicate that following periods of high equity valuations, when measured by
market-to-book ratio, the firm’s leverage decreases, and vice-versa. Hovakimian, Opler,
and Titman (2001) found that the probability of issuing equity vis-a-vis issuing debt
increases with the firm’s market-to-book ratio. This is consistent with the hypothesis that
high-growth firms have low leverage ratios and low-growth firms have high leverage ratios
(Stulz (1990)).



market index with the goal to study the impact of the business climate (as
measured by the index performance) and the correlation between the index
and firm’s assets returns on corporate bond prices. Our main assumptions
are discussed below.

ASSUMPTION 1: The risk-free rate r is constant for all maturities.

The above assumption about the constant risk-free interest rate is made
solely for the purpose of keeping the model tractable. It is possible, however,
to make it stochastic, but since the impact of stochastic interest rates on
risky bond prices is well documented?, we prefer not to do so.

ASSUMPTION 2: The uncertainty in the model is characterized by the prob-
ability space (2, F,P), where § is the state space, F is filtration, and P is
the probability measure.

ASSUMPTION 3: The total value of the firm’s assets V follows the diffusion
process:

v,

v (py — by)dt + odW, (1)

where py, is the instantaneous expected return and Oy is the rate of all
possible firm’s cash outflows per unit of time, o is the volatility of assets’
returns, all py,, Oy and o are assumed to be positive constants; dWy is the
increment of a standard Wiener process under the true probability measure
P.

ASSUMPTION 4: There is a stock market index, and its value I evolves as:

dl,
Tt = (py — or)dt +~vdZ;

¢
where p; is the expected drift, 67 is the dividend yield, v is the volatility
of the index returns, py, 65 and v are all positive constants, dZ; is the
increment of a standard Wiener process under P such that dWydZ; = pdt.

One can think about the stock market index as a broadly diversified stock
index (like the S&P 500) or a sector (industry) specific index, depending

3See, for instance, Collin-Dufresne and Goldstein (2001) or Longstaff and Schwartz
(1995).



upon whether the firm adjusts its leverage based on market or industry
specific economic conditions.

Since the main goal of our paper is to derive risky bond prices and
the corresponding credit spreads, we work with the risk-neutral probability
measure instead of the historical one. Hence, we assume that:

ASSUMPTION 5: The financial market is frictionless and complete. There-
fore, there exists a unique martingale probability measure Q equivalent to

P.

Under the risk-neutral probability measure, the dynamics of the firm’s
value and the stock market index become:

i _ (r — 6y)dt + ocdW 2
v,

s
% = (r—6&p)dt+~dz?

t

where WtQ = W; + At and ZtQ = Z; + At and A is the market price of risk?.

As in Collin-Dufresne and Goldstein (2001), it is convenient to define
the log-firm value and log-index value variables: y; = log V; and x; = log I;.
Applying Ito’s lemma, we obtain

dy = (r — 6y — %UQ)dt + odw? @)

dre = (r — b1 — 57°)dt + 22 3)

As already mentioned, the performance of the stock market index is
assumed to affect the firm’s leverage ratio in our model. Therefore, we
introduce the variable v, which refers to the ”recent” performance of the
stock market index:

Y, = log I —logf_t =Ty — Ty

where Z; = logI; is the logarithm of the ”historical average” value of the
index. In our model, the variable 1, aims to reflect the business climate:

*Ais equal to: A =T = ﬁ{y;r



High values of ¢ (i.e. strong performance of the stock index) would im-
ply economic improvements, and low values of ¢ (i.e. weak index perfor-
mance) would imply economic slowdowns. We will show below that the
initial value of the stock index performance 1y has an important impact on
credit spreads.

The ”historical average” value of the stock index is defined as follows:

t
I; = exp <9/ eg(ts)x8d5> (4)

The above specification of the ”average” historical index value implies
that the latter is a geometric average of the past index values®, where the
parameter 6 represents the weight with which the average is calculated: the
higher the value of 8, the more weight is put on the most recent history of
the index®. Also, notice that the setting of the lower integration limit in (4)
to minus infinity grants us the Markovian property of the "recent” index
performance variable 1, 7.

Using (4), we derive the dynamics of the market index performance:

d/l/Jt - dl‘t - 9¢tdt

SFormula (4) is a continuous-time analog to the definition of the geometric average:
To=1I% 1% 01 IS0

where > a; = 1.

5To explain the role of 0, assume that for a specific firm the relevant time horizon
for the computation of the index performance is equal to one year. Then, by requiring
from the last one year index values to enter the historical average (4) with the cumulative
weight of, let’s say, 0.99, we obtain:

t
0/ et 9gs =1 e ¥ =0.99
t—1

Solving the above equation, we obtain that the value of parameter 6 should be equal to
4.6.

"It can be easily shown that if in (4) one takes a finite lower boundary, let say t — £,
instead of —co (with the appropriate adjustment of the weights), then at each point of
time ¢ the innovations in 1, will depend on the value of the index not only at time ¢, but
also on its value at time ¢ — . In that case 1), is non-Markovian and the further analysis
becomes much more complex. In order for formula (4) to make sense, we have to define the
”distant” history of the stock index. For example, we do not know the value of S&P 500 at
time t = —oo, or 500 years ago. Without loss of generality, we assume that at times prior
to the appearance of the first data point of the index value, all the index values are equal
to the initial index value. However, the ”distant” index history can be irrelevant if one
properly chooses the value of parameter 6. For example, if § = 4.6 (i.e. the performance
of the index is calculated during the last one year), then the ”distant” historical index
values enter the average with a cumulative weight of 0.01 (see the previous footnote).



If we substitute in the above equation expression (3) for dx;, we obtain:
r— (51 — 1,2 IO
dip, =0 (Tﬂ - 7/’t> dt + ’YdZtQa Yo = log " (5)

The above equation implies that the performance of the stock market index
follows a mean-reverting process. Also, we can see that the longer the time
horizon during which the index performance is calculated, that is the smaller
0, the higher is the long-run mean of the index performance and the lower
is the speed of adjustment of the above mean-reverting process.

In our further analysis, the log-firm value 3 = log V; and the stock mar-
ket index performance 1, = log(I;/I;) affect the assumed dynamics of the
firm’s leverage ratio and the probability of default. Thus, we first describe
the leverage ratio process and provide our motivation for it, and then we
present our modeling of the default event.

ASSUMPTION 6: The firm’s log-leverage ratio Iy = log(Ly) = log(D./V;),
where Ly is the firm’s leverage ratio and Dy is the book value of the firm’s
outstanding debt, evolves as

dly = A[I° — ¢np, — lj)dt — cdWS (6)

In other words, we assume that the firm’s leverage ratio follows a mean-
reverting process, where the target, or long-run mean, leverage ratio is time-
dependent and is equal to (¢ — ¢, under the risk-neutral probability mea-
sure. Such a formulation corresponds to the so-called trade-off theory of
firms’ capital structure, which is built on the concept of target capital struc-
ture that balances costs and benefits of debt and equity®. We further assume
that there is a negative relationship between the stock market performance
1, and changes in the leverage ratio, i.e. ¢ > 0 ?, which implies that the
long-run mean leverage ratio declines with the stock market performance.

Thus, our modeling of the dynamics of the log-leverage ratio (6) is in
line with the so-called timing theory of capital structure and is in line with
studies of debt vs. equity choice that have found that firms prefer to issue
equity rather than debt, i.e. the leverage ratio tends to decline, after periods
of economic expansion (when 1, is high)!?, and vice versa.

8See, for example, Hovakimian, Opler, and Titman (2001) or Marsh (1982). Also, see
our discussion in section I.

9For example, Fama and French (2002) find a negative relationship between target mar-
ket and book leverage and the firm’s asset returns, and this is in line with our assumption
given a positive correlation between assets’ and index returns.

10Gee, for instance, Choe, Masulis, and Nanda (1993), Marsh (1982), Taggart (1977).



Therefore, the drift term in equation (6) incorporates a hybrid hypothesis
that firms have target leverage ratios but also time their equity and debt
issuance.

In our risk neutral specification of the dynamics of the log-leverage (6),
IQ stands for the long-run mean log-leverage ratio when the firm is not
concerned about timing of equity and debt issuances, i.e. ¢ = 0. The risk-
neutral value [2 and the true value [ of the long-run mean log-leverage ratio
are related as follows:

@=7+2A (7)
A
where A is the market price of risk, o is the assets’ volatility and A is the
speed of adjustment of the process in (6). We will use this relationship in
our numerical analysis to get an estimate of I¢ from the historical (or true)
values of the firms’ target leverage ratios.

The diffusion term in (6) is derived from the definition of the leverage ra-
tio and is based on the natural assumption that the firm’s book value of debt
evolves deterministically!. To conclude the discussion of Assumption 6, we
would like to point out that Collin-Dufresne and Goldstein (2001), having a
stochastic short-term risk-free interest rate as a second factor, derive similar
dynamics of the log-leverage ratio endogenously. Their derivation is based
on the assumed negative relationship between the firm’s default threshold
and the level of interest rates, where the default threshold is implicitly as-
sociated with the firm’s book value of debt. Therefore, it follows from their
model that changes in the firm’s leverage are due to changes in the firm’
assets value and in the firm’s debt issuance policy. In contrast, our model
explains changes in the firm’s leverage ratio by the firm’s equity and debt
issuance policies.

The existing structural models define the event of default in two distinct
ways. For example, in Merton (1974), the firm defaults if, at the time
of maturity of the bond, the value of the firm’s assets is below the face
value of the bond. In Longstaff and Schwartz (1995) and Collin-Dufresne
and Goldstein (2001), default occurs when the firm’s assets decline to an

HThe market value of the risky debt may evolve stochastically, but the book value of
debt, as follows from its definition, evolves deterministically in our framework. Assuming
that

leg D, = g(tv Yt, 1/}t)dt7

and then using the definition of the log-leverage, i.e. I, = log(D:/V;) = log Dy — y:, we
obtain that the diffusion term of dl; is equal to —athQ.
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exogenously specified boundary (threshold). On the other hand, Leland
(1994) and Leland and Toft (1996) model a firm which defaults strategically,
and, by maximizing the firm’s equity, they derive the default boundary
endogenously.

In the paper, we assume a very general firm’s debt structure consisting
of different bonds with different maturities. The total time-t book value
of the firm’s outstanding debt is denoted by D; and we specify the default
event as follows:

ASSUMPTION 7: The firm defaults when the value of its assets V' hits an
endogenously specified boundary (threshold) for the first time. This threshold
is assumed to be equal to the firm’s book value of total debt D. Equivalently,
default occurs when the firm’s log-leverage ratio l; becomes equal to zero for
the first time. The corresponding stopping time is defined as:

7~':1nf{t>0,V}:Dt<:>lt :log% :0}

The firm continues to service its debt as long as the value of its assets
V; is greater than the book value of its debt Dy. If V' hits D, the firm is
assumed either to be unable to meet some of its debt obligations or violates
minimum net worth or working-capital requirements. Then, the firm is
assumed to default on all its debt obligations because of, for instance, cross-
default provisions. Although we assume that the default boundary is equal
to the book value of debt, we could extend our analysis to allow the default
threshold to be, for example, a linear function of D '2. However, since it
is the leverage ratio, rather than the actual value of the default boundary,
that plays a major role in our analysis, allowing a linear specification of the
default boundary will not bring additional insights into the valuation of the
risky bond.

To price a risky bond, we have to specify its payoff in case of default.
Namely, we must specify how much a bondholder recovers when the firm is
in distress. In order to keep our model simple, we assume that in the case
of default a bondholder recovers a constant fraction of the face value of the

2For example, in the KMV model, the default boundary is equal to the sum of the face
value of the short-term debt and half of the face value of the long-term debt. In Huang
and Huang (2002), the default boundary is equal to 60% of the book value of a firm’s
debt. However, they report that their estimated credit spreads do not change significantly
when they change the default boundary to 100% of the book value of debt (table 12 in
Huang and Huang (2002)).

11



risky bond!3, and we set this fraction exogenously'.

ASsSuMPTION 8: Following Longstaff and Schwartz (1995), we assume that
in the case of default each bondholder receives (1 —w) units of the identical
risk-free bond (i.e. with the same face value and maturity) in exchange for
the defaulted risky bond at the time of default.

The above assumption implies that at the time of maturity of a risky
bond, an investor will recover only a fraction (1 — w) of the face value of
his risky bond portfolio, where the factor w represents a loss-given-default
fraction of the face value of the defaulted security. Note, that companies
normally have several categories of bonds outstanding. Therefore, bonds
which belong to the same category are expected to have the same recovery
rate in the case of reorganization. Thus, only a few values of w are necessary
in valuing a firm’s debt. Empirical studies on recovery rates report that they
can vary significantly. For example, Altman, Brady, Resti, and Sironi (2002)
find that recovery rates of defaulted bonds vary between 25% and 65% in
their sample, which implies that the loss rate at default is between 35% and
75%%0.

I1I. Pricing corporate bonds

Based on Assumption 8 and given that the default-free interest rate r is
constant, we use risk-neutral valuation to price a zero-coupon bond which
promises to pay one dollar at time 7"

B(0,T) = e " TES 1557 + (1 — w)li<r] (8)

130ne could also assume a more complex structure of the recovery rate. For example,
the recovery rate can depend on the bond’s seniority, which would imply that the strict
absolute priority rule (APR) holds. However, empirical evidence shows that APR is
frequently violated. For example, Franks and Torous (1989) and Weiss (1990) find that
APR is violated in about 75% of bankruptcies they study.

MSeveral studies model the recovery rate as the outcome of the bargaining between
different corporate claimholders. See, for example, Anderson and Sundaresan (1996).

5We would like to note that, following Merton (1974), we could extend our model to
treat the recovery value as a constant fraction of the value of the firm’s assets at the
time of default. Also, one can make the recovery rate time-dependent to reflect bonds’
seniority levels or to reflect the recovery rate’s dependence with respect to the business
cycle variable (see Altman, Brady, Resti, and Sironi (2002)).

12



where (1 — w) is a constant recovery rate in case of default. The above
pricing formula can be rewritten in the following form

B(0,T) =e " (1 —wQ(lo,T)) (9)

where Q(lp, T') is the risk-neutral probability that default occurs before time
T, where the event of default is defined by Assumption 7. In order to
define the probability of default, we have to estimate the hitting-time density
function of the process governing the dynamics of the log-leverage ratio [;.
From (6) it follows that I = l;(,, W) is a Markov process. Unfortunately,
there is no known closed form solution for the density of the hitting time for
such a process. Therefore, we derive the risk-neutral probability of default
Q(lo, T) numerically by using the technique proposed by Collin-Dufresne
and Goldstein (2001)16.

Proposition 1 Given the initial value of the firm’s log-leverage l(? and the
wnitial distance between the current and the average index value 1, the risk-
neutral probability that default occurs before maturity of the bond T is equal
to

Ny Np

Q. 18.7) =" " q(wy. t;)

=1 j=1

where

q(’l/Ji,tl) = A’l/JG(@Dl,tl) 1= 1, 2, ceey Nw

j—1 Ny

Q(wzat]) = Aquj 1/%, qu wua wz’t |7/}u’ )

v=1u=1

i=1,..,Ny and j =2,...,Np

_ wt,tu?,wo))
G, t) = m(a, |0y N | A0 Yo
(¥, 1) = m(Pelto) (EW“HZQ,%)

(wtat‘ls = Oa¢s’5)) Vt >3

. K
9y, tls, 5) = (W, tlds, 5)N (zwt,tus =0,0,,9)

16GQee their proposition 2.
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where (W, tl,, s) is the transition density of the process ¥, u and ¥ are
the conditional mean and the variance of the log-leverage,respectively; A
and At are discretization intervals.

Proof. See Appendiz A. m

Based on the theoretical bond prices, defined by equation (9), we can
compute the term structure of credit spreads (Sr) using the following ex-
pression:

log B(0,T
Sp = — g ( ) _ (10)
T
In the following section we present numerically simulated credit spreads and
analyze their sensitivities to a set of parameters. We also compare the credit
spreads generated by our model to actual credit spreads and to those derived
from other well known structural corporate debt pricing models.

IV. Numerical results

In this section, we analyze the performance of our model numerically. For
that purpose, we compute credit spreads for representative firms from differ-
ent investment-grade groups (firms are grouped using Moodys’ credit ratings
Aaa, Aa, A, Baa and Ba) and compare them with observed market yield
spreads. Next, we study the sensitivity of the credit spreads with respect
to the stock market index volatility and the correlation between the assets’
and index returns. We finally compare term structures of credit spreads gen-
erated by our model to those derived from Longstaff and Schwartz (1995),
Collin-Dufresne and Goldstein (2001) and Merton (1974) models.

We begin with the description of the model’s base-case parameter values.

A. The base-case: parameter value choices

Below, we present the base-case parameters of our model and discuss
each parameter’s choice individually.
a) Parameters governing the evolution of the assets’ value and the stock
market index dynamics (see Assumptions 1 and 2)

- the value of assets’ volatility ¢ is set to 0.30. This value is taken
exogenously, however, it is close to the implied volatility values obtained by
Huang and Huang (2002) (HH). They derived values for the assets’ volatility
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endogenously by calibrating Longstaff and Schwartz (1995) (LS) and Collin-
Dufresne and Goldstein (2001) (CDG) models.

- S&P 500 index is taken as a proxy for the market index. Using monthly
time-series data for S&P 500, which we obtain from Datastream, we estimate
that the annualized standard deviation of the index returns during 1999-2002
was close to 20%. Thus, we set v = 0.20;

- the risk-free rate r is assumed to be 3%, and this figure is close to
the average of Treasury notes yields during the period 1999-2002. Both the
assets’ payout ratio 8y and the index dividend yield 6; are assumed to be
equal to 1.0%;

- in our analysis we do not need the values of expected assets’ and index
returns py, and p;. Instead, we need an estimate of the market unitary price
of risk A, which is equal to the ratio of the market risk premium to the
market returns volatility. In our base-case, we set A equal to 0.2. This value
is within the range of estimated Sharpe ratios in Lustig (2002).

- the correlation coefficient p is assumed to be the same for each rating
group, and we set it to p = 0.5. This value is derived from the relationship

g
B=Zp=p=p2
¥ o

where the average of the rating-groups’ betas is from Barnhill and Maxwell
(2002): B =0.8.

b) Parameters governing the dynamics of the log-leverage ratio (6)

- the base-case value of parameter \ we set to 0.05'7. This means that
the speed of adjustment of the log-leverage ratio to its long-term mean value
equals to 0.05. However, we will study the sensitivity of credit spreads with
respect to changes in the speed of adjustment A;

- we set the value of parameter ¢ to 10. This means that the instan-
taneous sensitivity of leverage growth rate to the market return equals to
oA =0.5.

- values of historical (true) target leverage ratios L are taken from Stan-
dard and Poor’s (2002) and presented in Table II. The risk-neutral log-
leverage ratios are then defined by using formula (7).

[Insert Table II]

¢) The other parameters affecting risky bonds’ prices

1" This value is close to the estimate of Fama and French (2002) (A & 0.1).
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- recovery rate (1 —w) is taken from HH and is equal to 0.51. This value
also agrees with observed recovery rates'®;

- the initial value of the index performance 1, * is assumed to be 0.2.
However, we will study the impact of the initial index performance on credit
spreads;

- the initial true leverage ratio Lg is assumed to equal to 80% of the
target leverage ratio, i.e. Ly = 0.8L . Below, we will show that changes in
the initial leverage ratio have a significant impact on credit spreads;

- the value of parameter 6, which models the length of a time period
during which the index performance is calculated is equal to 2. This value
implies that the performance of the stock market index is computed over
the previous 2.5 years.

B. Credit spreads under the base case parameter values

In Table ITI, we present credit spreads implied by our model under the
base-case parameter values. We can see that our model yields very low credit
spreads for Aaa-grade bonds, for short maturity Aa-grade bonds and for all
one-year maturity bonds substantially. We would like to mention that this
under-estimation is common to all structural models of default which model
the dynamics of the assets’ value as a continuous diffusion process. The
continuity of the assets’ value dynamics yields negligible default probabili-
ties for short-maturity bonds and for highly-graded bonds of all maturities.
For example, in our case the long-term leverage ratio of Aaa-rated firms
equals to 0.13, and those firms, according to our modeling of the leverage
dynamics, balance their leverage ratios around this value. Therefore, given
the continuity of their assets’ value, the probability of default (i.e. the prob-
ability that the leverage ratio approaches unity) for Aaa firms is relatively
low, and hence credit spreads are low. However, this effect can be corrected
if, for instance, one introduces jumps in the assets’ value process (see Zhou
(2001)). Also, a significant part of actual yield spreads can be explained by
liquidity risk, whereas our model aims to study the contribution of default
risk to yield spreads.

Table III shows that our model yields increasing term-structures of credit
spreads for Aaa, Aa, A and Ba bonds. For Baa bonds we obtain a humped
term-structure.

[Insert Table I1I]

8For example, see Altman, Brady, Resti, and Sironi (2002) who find that recovery rates
of defaulted bonds vary between 25% and 65%.
19See equation (5).
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C. Sensitivity analysis
C.1. The impact of the firm’s initial leverage (Lo) on credit spreads.

The firm’s initial leverage ratio (L) is one of the factors that plays a cru-
cial role in the bond pricing, and hence in the determination of initial credit
spreads. This factor is a kind of ”distance to default” measure. Intuitively,
the higher is the initial leverage, the smaller is the ”distance to default”, and
thus, the higher is the probability that the firm will be in distress during
a given time horizon. This in turn induces higher credit spreads. Indeed,
credit spreads of lower-grade bonds, which are characterized by high lever-
age ratios, are much higher than those of high-grade bonds, whose leverage
ratios are low. Our model fully confirms this intuition. In Table IV we
compare credit spreads when the initial leverage ratio is set to 80% (the
base-case), 100% and 120% of the target leverage ratio. We see that this in-
crease in the initial leverage induces credit spreads to become substantially
higher. Also, we see that short-maturity bonds are much more sensitive to
changes in the initial leverage ratio than long-maturity bonds. Namely, a
given increase in the initial leverage ratio induces credit spreads to at least
double for bonds with a maturity of up to two years. This difference in
sensitivities of short and long maturity bonds to the initial leverage is due
to the mean reversion of the leverage ratio and due to the independence of
the long-run mean leverage from its initial level (see equation (6)).

[Insert Table IV]

C.2. The impact of the stock index performance (1) on credit spreads.

In Table V, we report resulting credit spreads under different values of
the performance of the stock market index 1,. We can see that credit spreads
tend to decrease with 1)y. That means that credit spreads are lower when
the "recent” performance of the stock index is high, and they are higher
when the index performance is low. This agrees with the empirical evidence
that yield spreads tend to be lower during economic expansions and higher
during recessions.

[Insert Table V]

17



C.8. The impact of the speed of adjustment of the log-leverage process A on
credit spreads

In Table VI, we report credit spreads for different values of the parameter
A, which is a speed of adjustment of the mean-reverting process (6) governing
the dynamics of the log-leverage ratio. It turns out that changes in the speed
of adjustment may have a two-sided effect on credit spreads. On the one
side, when the speed of adjustment is low, one would expect the firm’s
leverage ratio to exhibit higher variation around the target leverage ratio
than when the speed is high. This implies that slower mean reversion leads
to higher volatility of the leverage ratio, and hence to higher credit spreads.
On the other hand, when the initial leverage ratio is below the target one,
lower speed of adjustment of the leverage ratio implies that the latter will
converge to its higher target level slower, and hence credit spreads should
decrease. We can see that these two effects indeed take place when the initial
leverage ratio equals to 80% of the target level (panel A). For most bonds
credit spreads tend to widen when the speed of adjustment decreases from
0.15 to 0.015, and that means that the first effect dominates the second one.
Only for seven- and ten-year Ba bonds does the second effect dominate the
first one. However, when the initial leverage ratio is set equal to the target
level (panel B), then only the first effect is present, and hence credit spreads
widen when the speed of adjustment decreases.

[Insert Table VI]

C.4. The impact of the stock market index volatility v on credit spreads.

The stock market index volatility has a weak effect on credit spreads.
Table VII shows the change in credit spreads when the stock market index
volatility changes from 0.20 (base case) to 0.10 and 0.30. We can observe
that in all cases, credit spreads slightly increase with the volatility of the
stock index. For example, when the index volatility increases from 10%
to 30%, two-year Ba bonds exhibit the highest increase in credit spreads
(40 basis points). This week effect results from our modeling assumptions.
Namely, it is the volatility of the stock index performance (i.e. volatility of
1,) rather than the volatility of the index which matters for bond pricing.
By examining the volatility of the index performance (see formula (A2) in
Appendix A), we can see that a factor (1%;297)(< 1) is multiplying the
stock index volatility, which means that Var[y,] can be much smaller than
Var[ly] = ~. This is why the effect of v on credit spreads is weak.
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[Insert Table VII]

C.5. The impact of the correlation p on credit spreads.

It turns out that the correlation p between the assets’ returns and the
index returns has a much stronger impact on credit spreads than the stock
index volatility. Table VIII shows that credit spreads widen when the corre-
lation increases, and that this effect is particularly strong for short maturity
bonds. In order to explain the positive relationship between credit spreads
and the correlation, it is useful to prove the following proposition.

Proposition 2 The variance of the log-leverage ratio, Varo[ly], increases
with the correlation between the asset and the stock index returns if 0 < A < 0
and the parameters ¢,o and v are positive.

Proof. See Appendiz B. m

As one can see, our base-case parameters satisfy the conditions of the
above proposition, and therefore, the correlation between the assets’ and
index returns positively contributes to the volatility of the log-leverage ratio.
Note that the dependence of credit spreads on the correlation between the
firm assets’s and the index returns can explain why bonds with similar credit
ratings but in different industries or sectors have different credit spreads.

[Insert Table VIII]

D. The comparison with other structural models

In Table IX, we compare the explanatory power of our model with the
one of Longstaff and Schwartz (1995), Collin-Dufresne and Goldstein (2001)
and Merton (1974) structural models. To make this comparison, we run our
model under the same parameter values (which are common to all models)
as Huang and Huang (2002). Namely, we take the risk-free rate r = 8%, the
assets’ payout ratio 6y and the index dividend yield 6; are both equal to
6%, the recovery rate at default is 51.31%, and the long-term mean leverage
ratio is 38%. For each credit rating group, the initial leverage ratio is equal
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to 80% of the corresponding target leverage ratio?’, where the latter cor-
responds to the base case leverage value in Huang and Huang (2002). For
each credit-rating group, we take the assets’ volatility value as the average
of implied volatilities from (HH) (for LS (with stochastic interest rate) and
CDG models). The default boundary equals 60% of the firms’ face value of
total debt. All the models are compared to the same average market yield
spreads, which are also taken from (HH). The values of those parameters
which are not common to all four models correspond to our base case choice.
We compare credit spreads generated by the four models relative to the same

average market yield spreads, which are also taken from Huang and Huang
(2002).

[Insert Table IX]

We can see that under the same sub-set of parameters, our model ex-
plains actual credit spreads better than the LS, CDG and Merton models for
all investment-grade bonds with all maturities (except four-year Aa bonds).
Therefore, this comparison suggests that the stock market dynamics matter
more for corporate bond pricing than the dynamics of interest rates.

V. Concluding remarks

We build a structural two-factor model of default where the stock mar-
ket index is one of the stochastic factors. In our model, the performance
of the stock market index serves as a proxy for the business climate. We
allow the firm to adjust its capital structure, and hence its leverage ratio,
in response to changes in the firm value and to changes in the business cli-
mate. Our modeling of the dynamics of the firm’s leverage ratio is based on
the theoretical and empirical findings regarding the firm’s capital structure
choices. In particular, it captures the fact that firms have mean-reverting
leverage ratios and tend to issue equity rather than debt during economic
expansions.

We find that the correlation between the firm asset and index returns
and the performance of the stock market index have a strong impact on

20Notice that setting the initial leverage ratio to 80%, we put ourselves in a disadvan-
tageous position (comparing with setting the former to 100%), because credit spreads
increase with the initial leverage (see Table IV).
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credit spreads. Therefore, our model has the potential to explain why credit
spreads are different within the same credit-rating groups and why spreads
are lower during economic expansions and higher during recessions. We also
find a weak impact of the volatility of the stock market index returns on
credit spreads.

We compare the explanatory power of our model with the one of Longstaff
and Schwartz (1995), Collin-Dufresne and Goldstein (2001) and Merton
(1974) models. This comparison shows that under the base-case parame-
ters, our model explains actual credit spreads better than those three models
for all investment-grade bonds irrespective of their maturities (except four-
year Aa bonds). Therefore, this comparison suggests that the stock market
dynamics matter more for corporate bond pricing than the dynamics of in-
terest rates. Further empirical studies should be required in order to test
the validity of this conjecture.

One of the limitations of our model is that it relies on the estimation
of a large set of parameters. Namely, in order to apply our model, one
must estimate the parameters governing the firm value and the stock index
dynamics, the correlation coefficient between asset and index returns and
all the parameters entering the log-leverage dynamics (6). Hence, this study
emphasizes the need for more studies on the empirical properties of firms’
leverage ratios dynamics. Another limitation of this study is that it relies
on a constant recovery ratio, whereas empirical studies suggest that it is
time-varying and that it depends on the business climate (see, for example,
Keenan (1999)). It is however possible to extend the results along these
lines by allowing the recovery rate to depend on the business cycle. This
extension is left for future research.
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Appendix A. Proof of Proposition 1

See the proof of proposition 2 in Collin-Dufresne and Goldstein (2001).
Below we present the expressions for first two moments of [; and ;.

Calculation of the first two moments of /; and v,

Solving equations (6) and (5) we obtain:

t t
Iy = e A79) [ls + )\/ A4, ) du — 0/ eA(“S)dWE} s<t

t t
O [% +(r—06; — %72) / A=) gy + ’y/ e““‘”dZﬂ s<t

Then: ) 2
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+ 2 (SR g ) (N0 1)) 5
Ey[y] = e 09 [1/1 + r_‘S_E’V_) (e 0(t—s) _ 1)] ;

Vars[lt] _ [M _ K2+o'2:| e 2Mt—s) 49 [KZ_KJg e*(>‘+9)(t*3)—[2<—026*29(t*5)+

) puwy
0.2
+K? (29 Ai@*%)*ﬂ*ﬂﬁm (ﬁ*%% (A1)
2
Vars[h] = 5 (1 — e 209, (A2)
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A
where K = f\é—}e.
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Appendix B. Proof of Proposition 2

For notational simplicity, we study here the unconditional variance (i.e.s =
0). For the conditional variance all the derivations can be easily performed
in the same way. Collecting terms which stand for the correlation coefficient
p in the equation (A1), we obtain

1, _ 2 3
Varglly) ={...} + Ko X(e 221+ )\——1—0(1 e Oy |,

If¢>(),’y>(),a>0and()<)\<9,thenK:4;\‘)—7_—?<O,anditremains
to show that the expression in brackets on the right hand side of the above
expression is negative. Consider the following function

1

1(0,0) = (e

)\( —2Xt 1) + 2 (1 _ e—()x-i-@)t)

A+0

For any fixed A, the above function decreases with 6. Indeed,

df (0, \ 1 14 (\+0)t
O _ [_ e((A+0)t)}<0

g (A+6)?
because of well known result that
e >1+x V>0

We just have shown that function f is strictly decreasing in 6 for each
fixed \. Also, for every A,

f@=XX) =0.
Given the above results, we conclude that
fO>XX) <0

and by this we complete the proof.
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Table I.
The determinants of securities’ issuance policies

The results of a survey of European firms on the determinants of capital struc-
ture choice: the three most frequent answers regarding equity and debt issuances.
Source: Bancel and Mittoo (2002), tables IV and VI).

Important or
very important (%)

Most important factors influencing common stock issuance

a) Earning per share 66.04
b) Maintaining a target dent-to-equity ratio 59.26
c) If the stock price has resently risen, the price at 59.26

which we can issue is "high"

Most important factors influencing debt issuance

a) With the use of debt we try to minimize the 69.77
weighted average cost of capital

b) We issue debt when interest rates are low 44.83

c) We issue debt when our equity is undervalued 43.68
by the market
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Table II.
Target leverage ratios.

The base-case values for the target leverage ratios. The data are from Standard
and Poor’s (2002).

Aaa Aa A Ba B

Target Leverage ratio 0.133 0.282 0.339 0.425 0.572
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Table III.
Credit spreads under the base-case parameter values

Credit spreads (in basis points) resulting from our model under the base-case pa-
rameters choice (see subsection A of section IV). For each credit rating group, the
initial leverage ratio L is equal to 0.8 times the corresponding target leverage ratio
(the target leverage ratios are defined in Table II).

Aaa Aa A Baa Ba
Time to maturity
T=1 0.0 0.0 0.1 2.0 50.8
T=2 0.0 2.2 9.5 442 230.0
T=4 0.6 33.8 71.4 159.9 385.2
T=7 7.8 89.4 141.7 233.1 401.8
T=8 11.5 102.7 155.1 242.1 393.2
T=10 19.6 122.1 172.2 249.2 371.3
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Table IV.
The impact of the initial leverage ratio on credit spreads

Credit spreads (in basis points) resulting from our model when the initial leverage
ratio equals to 80% of the target leverage ratio (base-case), 100% and 120% of the
target leverage ratio. The other parameters are base-case ones (see subsection A of
section IV). The target leverage ratios are defined in Table II.

Aaa Aa A Baa Ba

Initial leverage

Time to maturity: T=1

80% of target 0.0 0.0 0.1 2.0 50.8
100% of target 0.0 0.1 1.7 22.3 308.8
120% of target 0.0 1.5 12.9 115.1 1016.5

Time to maturity: T=2

80% of target 0.0 2.2 9.5 44.2 230.0
100% of target 0.0 10.9 38.4 143.9 576.2
120% of target 0.1 344 104.4 330.4 1090.9

Time to maturity: T=4

80% of target 0.6 33.8 71.4 159.9 385.2
100% of target 1.9 72.5 141.3 287.7 619.1
120% of target 4.5 127.6 233.4 442.3 874.1

Time to maturity: T=7

80% of target 7.8 89.4 141.7 233.1 401.8
100% of target 14.4 136.7 207.9 325.6 527.4
120% of target 23.0 188.8 277.9 418.7 645.7

Time to maturity: T=8

80% of target 11.5 102.7 155.1 242.1 393.2
100% of target 19.6 148.4 216.3 323.6 497.8
120% of target 29.5 196.8 278.8 403.2 593.7

Time to maturity: T=10

80% of target 19.6 122.1 172.2 249.2 371.3
100% of target 29.6 163.1 223.7 312.9 445.8
120% of target 40.9 204.0 273.5 372.3 511.5
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Table V.
The impact of the stock index performance (1)) on credit spreads

Credit spreads (in basis points) resulting from our model when the performance
of the stock market index equals to 50%, 20% (base-case) and -50%. The other
parameters are base-case ones (see subsection A of section IV).

Aaa Aa A Baa Ba

Time to maturity: T=1

Psi (0)=0.5 0.0 0.0 0.0 0.9 28.1

Psi (0) = 0.2 (base) 0.0 0.0 0.1 2.0 50.8

Psi (0) =-0.5 0.0 0.1 0.7 10.7 173.5
Time to maturity: T=2

Psi (0)=0.5 0.0 1.3 5.7 28.6 163.8

Psi (0) = 0.2 (base) 0.0 2.2 9.5 442 230.0

Psi (0) =-0.5 0.0 7.9 28.7 111.8 467.5
Time to maturity: T=4

Psi (0) =0.5 0.4 25.5 55.5 128.5 3229

Psi (0) = 0.2 (base) 0.6 33.8 71.4 159.9 385.2

Psi (0) =-0.5 1.6 62.7 124.1 256.9 562.0

Time to maturity: T=7

Psi (0)=0.5 6.2 76.6 123.3 206.4 363.6

Psi (0) = 0.2 (base) 7.8 89.4 141.7 233.1 401.8

Psi (0) =-0.5 12.8 126.1 193.3 305.4 499.4
Time to maturity: T=8

Psi (0)=0.5 9.5 89.9 137.5 217.8 360.7

Psi (0) = 0.2 (base) 11.5 102.7 155.1 242.1 393.2

Psi (0) =-0.5 17.7 138.4 203.0 306.0 474.8

Time to maturity: T=10

Psi (0)=0.5 16.9 110.1 156.8 229.5 347.3
Psi (0) = 0.2 (base) 19.6 122.1 172.2 249.2 371.3
Psi (0) =-0.5 274 154.3 212.8 299.5 429.8
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Table VI.
The impact of the speed of adjustment of the log-leverage
process (A\) on credit spreads

Credit spreads (in basis points) resulting from our model when the speed of adjust-
ment of the log-leverage process (6) equals to: A = 0.15, A = 0.05 (base-case) and
A = 0.015. The other parameters are base-case ones (see subsection A of section
V).

Panel A: Initial leverage ratio is 80% of the target leverage ratio

Aaa Aa A Baa Ba
Time to maturity: T=1
Lam=0.15 0.0 0.0 0.1 2.2 45.3
Lam=0.05 (base) 0.0 0.0 0.1 2.0 50.8
Lam=0.015 0.0 0.0 0.1 2.1 55.6
Time to maturity: T=4
Lam=0.15 0.6 332 70.7 158.8 382.3
Lam=0.05 (base) 0.6 33.8 71.4 159.9 385.2
Lam=0.015 0.8 36.7 76.2 167.4 396.5
Time to maturity: T=7
Lam=0.15 4.5 78.0 131.7 229.4 413.1
Lam=0.05 (base) 7.8 89.4 141.7 233.1 401.8
Lam=0.015 10.8 99.7 152.5 242.2 405.0
Time to maturity: T=10
Lam=0.15 9.4 103.3 158.6 247.9 390.6
Lam=0.05 (base) 19.6 122.1 172.2 249.2 371.3
Lam=0.015 28.5 136.1 184.1 255.9 368.9

Panel B: Initial leverage ratio is equal to the target leverage ratio
Time to maturity: T=1

Lam=0.15 0.0 0.2 1.5 17.3 223.2

Lam=0.05 (base) 0.0 0.2 1.7 22.3 308.8

Lam=0.015 0.0 0.2 2.0 26.0 358.1
Time to maturity: T=4

Lam=0.15 1.3 58.3 117.2 246.9 550.2

Lam=0.05 (base) 1.9 72.5 141.3 287.7 619.1

Lam=0.015 2.6 84.5 160.1 316.5 660.6
Time to maturity: T=7

Lam=0.15 6.8 104.9 172.2 290.1 500.4

Lam=0.05 (base) 14.4 136.7 207.9 325.6 527.4

Lam=0.015 21.4 159.6 233.0 350.4 547.0
Ti ity: T=10

Lam=0.15 12.3 125.2 188.8 288.2 439.6

Lam=0.05 (base) 29.6 163.1 223.7 312.9 445.8

Lam=0.015 45.2 188.3 246.9 330.8 454.3
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Table VII.
The impact of the stock index volatility (v) on credit spreads.

Credit spreads (in basis points) resulting from our model when the stock index
volatility () equals to: v = 0.30, v = 0.20 (base-case) and v = 0.10. The other
parameters are base-case ones (see subsection A of section IV).

Aaa Aa A Baa Ba

Time to maturity: T=1

Gama=0.30 0.0 0.0 0.2 2.7 58.6
Gama=0.20 (base) 0.0 0.0 0.1 2.0 50.8
Gama=0.10 0.0 0.0 0.1 1.5 43.6

Time to maturity: T=2

Gama=0.30 0.0 32 12.4 52.6 250.0
Gama=0.20 (base) 0.0 22 9.5 44.2 230.0
Gama=0.10 0.0 1.5 7.2 36.7 210.2

Time to maturity: T=4

Gama=0.30 1.0 40.8 82.1 174.8 401.0
Gama=0.20 (base) 0.6 33.8 71.4 159.9 385.2
Gama=0.10 0.4 27.7 61.6 145.4 368.9

Time to maturity: T=7

Gama=0.30 10.3 99.4 153.0 244.4 409.3
Gama=0.20 (base) 7.8 89.4 141.7 233.1 401.8
Gama=0.10 5.8 80.0 130.8 2219 393.9

Time to maturity: T=8

Gama=0.30 14.7 112.5 165.6 251.9 399.1
Gama=0.20 (base) 11.5 102.7 155.1 242.1 393.2
Gama=0.10 8.9 93.3 144.8 232.2 387.1

Time to maturity: T=10

Gama=0.30 23.9 131.1 181.1 256.6 374.8
Gama=0.20 (base) 19.6 122.1 172.2 249.2 371.3
Gama=0.10 16.0 113.4 163.5 241.8 367.6
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Table VIII.
The impact of the correlation between assets’ and index returns
(p) on credit spreads.

Credit spreads (in basis points) resulting from our model when the correlation
between the firm’s assets and stock index returns (p) equals to: p = 0.9, p = 0.5
(base-case) and p = —0.5. The other parameters are base-case ones (see subsection
A of section IV).

Aaa Aa A Baa Ba

Time to maturity: T=1

Corr =0.9 0.0 0.0 0.2 3.0 62.4
Corr =0.5 (base) 0.0 0.0 0.1 2.0 50.8
Corr =-0.5 0.0 0.0 0.0 0.6 26.5

Time to maturity: T=2

Corr =0.9 0.0 3.5 13.3 55.4 257.6
Corr =0.5 (base) 0.0 22 9.5 44.2 230.0
Corr =-0.5 0.0 0.5 3.0 20.4 157.1

Time to maturity: T=4

Corr =0.9 1.1 424 84.7 178.7 406.5
Corr =0.5 (base) 0.6 33.8 71.4 159.9 385.2
Corr=-0.5 0.1 15.0 39.1 108.3 321.3

Time to maturity: T=7

Corr =0.9 10.7 101.4 155.5 247.2 4121
Corr =0.5 (base) 7.8 89.4 141.7 233.1 401.8
Corr =-0.5 24 57.2 102.5 190.7 370.0

Time to maturity: T=8

Corr =0.9 15.3 114.5 167.9 254.4 401.4
Corr =0.5 (base) 11.5 102.7 155.1 242.1 393.2
Corr =-0.5 4.1 69.9 117.7 204.6 368.4

Time to maturity: T=10

Corr =0.9 24.6 132.9 183.0 258.5 376.3
Corr =0.5 (base) 19.6 122.1 172.2 249.2 371.3
Corr =-0.5 8.6 90.8 139.8 220.6 356.3
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Table IX.
The comparison of the performance of structural models

We compare how much (in %) of the actual credit spreads can be explained by
our model, Longstaff and Schwartz (1995) (LS), Collin-Dufresne and Goldstein
(2001) (CDG) and Merton (1974) models. The performance of LS and CDG models
is taken from Huang and Huang (2002) (HH). The parameters in our model
correspond to those in (HH): risk-free rate 7 = 8%, payout ratios 6y = 6; = 6%,
the recovery rate at default is 51.31%, and the long-term mean leverage ratio is
38%. For each credit rating group, the initial leverage ratio is equal to 80% of the
corresponding target leverage ratio, where the latter corresponds to the base case
leverage value in (HH). For each credit-rating group, we take the assets’ volatility
value as the average of implied volatilities from (HH)(for LS (with stochastic interest
rate) and CDG models). The default boundary equals 60% of the firms’ face value of
total debt. All the models are compared to the same average market yield spreads,

which are from (HH). All the other parameters are base-case ones (see subsection
A of section IV).

Aaa Aa A Baa Ba

Time to maturity: T=4

Average market 55 65 96 158 320
yield spread

% of spreads due to default

Our model 1.1% 4.1% 12.6% 36.5% 84.5%
LS model 1.5% 7.0% 7.8% 16.1% 46.6%
CDG model 0.1% 9.7% 10.3% 19.7% 52.5%
Merton model 0.2% 1.1% 5.0% 21.0% 65.5%

Time to maturity: T=10

Average market 63 91 123 194 320
yield spread

% of spreads due to default
Our model 40.7% 44.1% 53.9% 65.4% 84.9%
LS model 9.6% 9.4% 11.8% 19.9% 48.1%
CDG model 18.2% 16.4% 18.3% 26.9% 57.1%

Merton model 11.9% 16.6% 26.3% 41.6% 73.6%
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