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Abstract: In early 2004, new equity-credit hybrid derivatives that offered a larger soread than
vanilla credit default swaps were developed. At the centre of this development was the
equity default swep (EDS), which is the subject of this paper. Structura credit models adlow
the amultaneous moddling of a firm's credit qudity and equity value, making them a natura
framework to price equity-credit hybrid derivatives. A closed-form expression for the spread
of an equity default swap, which incorporates the legd risk of the derivative, is derived in
teems of parameters of a generd dructurd modd. A specific dructura modd, that
developed by Ldand & Toft, is cdibrated by equity data and then used to investigate
properties of the EDS spread. It is seen that an equity default swap with a bw trigger price
can have a subgstantially greater annud spread than a credit default swap.  Also, it is shown
that unless the dividend yidd is very high, the EDS spread increases as a firm's debt-equity
ratio increases, assuming that the firm's asset voldtility is congtant. However, if there are two
reference firms with different debt-equity ratios but the same equity volatility, it is shown that
there isacomplex relationship between EDS spreads.

Keywords: equity-credit hybrid derivatives, equity default swaps, structurad credit models.



1. Introduction

By the end of 2003, it was becoming increesngly difficult in many countries to Structure
invesment-grade credit portfolios that had significant returns, eg. Sawyer (2003) reports that
the CJ50 Index, which tracks the soreads of the 50 most liquid five-year credit default swaps
in Japan, fdl from 80 basis points at the beginning of 2003 to only 30 bass points towards
the end of 2003. In response to this, new derivatives whose vaue depend on both the credit
quality and the equity vaue of the reference firm were developed. These equity-credit hybrid
derivatives have a wider spread than the vanilla credit default swap; this dlows inditutions
that can only ded in deivatives with invesment-grade reference firms to trade products that
have spreads dmilar in magnitude to those seen on credit default swaps with speculative-
grade reference firms. At the centre of this new development in hybrid derivatives is the
equity default swap (commonly abbreviated to EDS), which is the subject of this paper.

The buyer of an equity default swap makes a series of payments until either a payoff event
occurs or the derivative expires, while the sdler makes a sngle payment if a payoff event
occurs before the expiry of the EDS. There ae two possble payoff events in an equity
default swap: a credit event on the reference bond (as in a credit default sweap) or a fdl in the
price of a dangle share in the reference firm to a pre-defined leve, which is often referred to
as the trigger price. The trigger price is usudly set a significantly below the equity price at
the sat of the derivative, eg. a trigger price of around 30% of the equity price a the
beginning of the contract is raively standard. Therefore, equity default swaps provide
protection againg credit events and a large fdl in the equity price of the reference firm. As
an example, some firms saw ther equity price fdl by more than 90% after the technology
bubble of the late 1990s burst, but they did not default on any debt. In this Stuation, a payoff
event would have been triggered in an EDS (unless the trigger price was set extremey low),
but not in a credit default swap.

One gpproach to pricing equity-credit hybrid derivatives is to use a two-factor modd, with
one factor linked to the equity value of the reference firm and the other factor linked to the
firm's credit qudity; these factors would clearly have to be corrdated due to the links
between credit risk and equity risk that are described, for instance, in Medova & Smith

! Throughout this paper, equity price refersto the price of asingle sharein afirm.



(2004). However, this two factor gpproach can be smplified by using a sructura credit
modd. In the sructurd gpproach to credit moddling, the market value of a firm's assets is
usudly moddled® and default is assumed to have occurred on dl of the reference firm's
outstanding debts when the process hits a default boundary. As equity can be viewed as a
cdl on the firm's assats, there is a determinitic relation between the vdue of a firm's assets
and the value of the firm's equity. Therefore, Sructurd modes dlow the smultaneous
modeling of a firm's credit qudity and equity vdue As a result, equity-credit hybrid
derivatives can be priced usng a one-factor mode (the factor being the asset vaue of the
reference firm), making structurd models a natura framework to price derivatives such as
equity default swaps.

An outline of the rest of this pagper is as follows. In the next section, a cosed-form
expresson will be derived for the spread of an equity default swap in terms of parameters of
a generd dructurd modd. This expresson will incorporate the legd risk of the derivative.
In Section 3, it is explaned how a particular structurd modd, that proposed by Leand &
Toft (1996), can be cdibrated usng equity data The cdibrated modd is then used to
investigate properties of the EDS spread, before conclusions are drawn in Section 4.

2. Pricing an Equity Default Swap

In this section, a closed-form expresson for the soread of an equity default swep is derived in
terms of the parameters of a generd dructurad modd. A number of assumptions that are

consgtent with many structura models are made; these assumptions are described below.

ASSUMPTION 1. The term dructure of default-free interest rates is flaa and known with
catanty, i.e the time-t, price of a default-free bond that promises a payment of one unit a a

future ime t, is P(t,,t) = exp[- r(t, - t,)], where r is the (indantaneous) default-free rate of

interest, which is congtant over time.

2 Some structural models, such as Goldstein, Ju & Leland (2001), model earnings before interest and tax rather
than the asset value of the firm.



ASSUMPTION 2: Let V, be the market value of a firm's total assets a time t. In the risk-

neutra measure, the vaue of afirm’s assets follows the lognorma process
dv,

=(r-d)dt +s dw,. Q)

t

Both the assat voldility s and the fraction d of the value of the assets paid out to holders of
the firm’s debt and equity are taken to be constant.

ASSUMPTION 3: The principa vaue of the firm’'s outstanding debt F is congtant. Further, a
firm defaults on dl of its outstanding debt when V, hits a default boundary V®, which is

taken to be a fixed proportion of the principal value of the firm's debt, i.e. V®=bF for some
congtant b .

ASSUMPTION 4: The equity vadue of the firm is zero a the default boundary, i.e equity
holders do not receive a rebate upon default by the firm.

The firgt two assumptions are common in dructural credit modeling. These two assumptions
are made for ingtance in Black & Cox (1976), Leland (1994) and Leland & Toft (1996), and
they are generdisations of assumptions that are made in Black & Scholes (1973), Brennan &
Schwartz (1978) and Brockman & Turtle (2003). While the principd vaue of debt is often
taken to be congant in sructurd moddling, it is less common to assume that the default
boundary is fixed, dthough this assumption is made for example in Leland (1994), Longdtaff
& Schwartz (1995), Leland & Toft (1996) and Brockman & Turtle (2003).

Assumption 4 is condgent with the vas mgority of dructura modes.  An  important
consequence of this assumption for the pricing of equity default swaps is that the equity price
of the reference firm will aways hit the trigger price before, or a the same time as, a credit
event on the reference bond. If the trigger price is drictly postive, the equity price will hit
the trigger price before a credit event occurs, provided that the value of a firm's assts is
modelled by a continuous process, as is done here’. In the special case where the trigger

3 If the value of a firm’s assets is modelled by a jump-diffusion process, as proposed for example in Zhou
(1997), the equity price could jump from above a strictly positive trigger price to zero. In this case, the equity
price would hit the trigger price at the same time as a credit event.



price is set a zero, the equity price will hit the trigger price a the same time as a credit event,

S0 that the equity default swap is equivadent to a credit default swap.

Define a firm's digance to default, X, to be the ratio of the market vaue of the firm's tota

assets to the default boundary, i.e.
V,

Vt t

= — = —. 2
' V®  DbF @
Therefore, default occurs if X, hits one. As a consequence of 1t0's Lemma, the distance to

default satisfies the stochadtic differentid equetion,
dX,

=(r-d)dt+sdw,. 3

t

Usng results in Harrison (1990), it can be shown that if the firm has a disance to default of
X, @ time t,, then the risk-neutra probability thet a firm defauits in the period [t,,t] is

given by

& log X, - as*(t,- t,)0

QX 4o = F JoF 9% (b)Y

syt- 1 AT SN e

(4)

where

_r-d 1
a=—s; > ®)

In some dructurd modes that satisfy the four assumptions above, including Leland (1994)
and Leand & Toft (1996), expressons for the vaue of a firm's equity were derived and,
provided that al of the congant terms were known, were seen to be a function of only the
market value of the firm'’s assats”,

S, =S(V,). ©)
Further, the equity vaue is a drictly monotonic increesing function of the assat vaue ceteris
paribus, s0 that there is a bijection between the equity vaue and the vadue of a firm's assets.
Let S* be the trigger vdue, i.e. the market vaue of the reference firm's equity that triggers a
payment by the EDS sdler. Recdl that a consequence of Assumption 4 is that a payoff event
occurs if and only if the price of a sngle share in the reference firm hits the trigger price.

“ If an expression for the market value of a firm’s assets is derived using a partial differential equation, as in
Leland (1994), thiswill often be an explicit assumption when deriving the PDE.



Therefore, the trigger vaue is found by smply multiplying together the trigger price and the
number of outsanding shares in the reference firm. At this stage, an assumption about the
cgpitd gructure of the firm is made.

ASSUMPTION 5: Firms have afixed number of outstanding shares.

As a rexult of this assumption, the trigger vaue is condant over time. Then the
corresponding value of the firm'’s assets is the unique solution to the implicit equatiorT,

S = S(V*). ©)
Note that a consequence of (7) is that the vadue of the firm's assets corresponding to the
trigger vaue is congant over time. Anaogous to the distance to default, define the distance

to a payoff event Y, to be

V,
Yo=ob t)
in which case, a payoff event occurs if Y, hits one. 1t6's Lemma shows that the distance to a
payoff event Y, stidfies
%=(r-d)dt+sdvvt. ©)

t

Therefore, if a firm has a distance to a payoff event of Y, a time t,, then the risk-neutra
probability that a payoff event occurs in the period [t,,t,] isequd to Q(Y, .t - t,), where the

function Q isgiven by (4).

Suppose tha the notiona value of the equity default swap is N and the equity default swap
expires a time T™°. Provided that a payoff event has not occurred, it is asumed that the

buyer of the EDS makes a payment of c™°(t,,- t)N atime t (i =1,..,m) which provides

protection for the period [t;,t,,), where t , =T%°. The vdue c™° is known as the

annudised equity default swap spread. However, if a payoff event has occurred, the EDS

° Alternatively, if V, represents the asset value per share of the reference firm, found by dividing the market
value of the firm’s assets by the number of outstanding shares, and F is the debt-per-share of the firm, then S

as given by (6) is equal to the price of asingle share in the reference firm. Then S* representsthetrigger price,
and thevalue of V * given by (7) isequal to the asset value per share that corresponds to the trigger price.



buyer makes no further payments. Hence, the payment made by the EDS buyer a time t, can
be written in the form

C™%(thy - H)NL ey s (10)
where t * is the time of a payoff event. The time-t vaue of the tota payment made by the
EDS buyer istherefore given by

a8 - 0 S (1
Ega e t)CEDS(Lﬂ' ti)N].{t*>ti}B = CEDSNé ety (ti+1 - ti )[1' Q(Yt'ti - t)]’ (11)
i=1

i=1

where Q(Y, u) isgivenby (4).

It is assumed that a payoff event can occur a any time. The payoff of a credit default swap
depends upon the level of recovery of the reference bond upon default. However, if the
payoff of an equity default swap is triggered by the equity vaue of the firm hitting the trigger
vadue (which dways occurs in the framework outlined in this paper), the payoff is usudly
taken to be a fixed proportion of the notional value of the EDS; the Sze of the payoff would
often be dtipulated in the contract of the derivative. Therefore, if a payoff event occurs before
time T™°, the sdler of the EDS is assumed to make a payment of WN , where w is a fixed

vaue.

The legd risk of an equity default swap is modelled by dlowing a period of length s between
the payoff event and the payment by the EDS sdler, where s is a random varigble. The
period between the payoff event and the payment by the derivative sdler is likdy to be
shorter for equity default swaps than for credit default swaps, so that the legd risk of an EDS
is lower than that for a CDS. This is because the payoff event of a credit default swap
depends on whether there has been a default on the reference bond; since there may be
disagreement between the buyer and sdler of a CDS as to whether a default has occurred,
there is a lega process, described in Henderson (2000), that occurs once a firm has defaulted
before the sdler of the CDS has to make a payment. However, a payment by the sdler of an
EDS will usudly be triggered by the equity vaue of the reference firm hitting the trigger
vadue (or eguivdently, the firm's equity price hitting the trigger price). As the payment
therefore depends on the movement of an observable variable, there is less likdihood of a
disagreement about whether the payoff event of an EDS has occurred.



Thetime-t vaue of the payoff of the EDS is given by
EDS 0
E g O € PwNq(Y,,u- t)du+, (12)
t 2

where q(Y,u- t) :w is the probability dengty function of the first passage time of
u

V, to V* in the risk-neutrd messure. If it is assumed that the length of the period sis

independent of V, , then after achange of variable, (12) can be written as

WNE(e®)G(Y, TS - 1), (13)
where
TS ¢
G(Y,T®*-t) = @ e™q(Y,u)du (14)
0

and E(e") is dmply the moment generding function of the random variable s. By
differentiating (4), it can be seen that the expresson for the probability dengty function of the
first passagetimeof V, to V * isgiven by

2a A 20
= 1 logy, € laau- logY o U
W)=Y ———lexpé —(————- Q. 15
q(Y ) t «@SU?’/Z pé 2% S\/U zg ( )
Using results from Rubengtein & Reiner (1991), it can be shown that
G(Yt,TEDS _ t) = Yt a+bF [dl(Yt,TEDS _ t)] +Yt-(a+b)|: [dz(Yt,TEDS _ t)] , (16)
where
- logY, - bs “u
d,(Y,u) =—————, 17
 (¥;,U) sdo 17)
- logY, +bs “u
d,Y,u)=—"—+—|, 18
2 (Y;,u) - " (18)
and

p=(@) +as” (19)

SZ

The time-t vaue of te EDS to the buyer of the derivative is given by the vaue of the payoff
of the EDS minus the vaue of the total payment made by the EDS buyer:

Vaue=wNE(e *)G(Y,T™°- t)- cEDSNém_ eV, - t)[L- QYL - b)]. (20)

i=1



The following proposition is a smple consequence of (20).

Theorem 1
The par EDS spread c* that makes the time-t vaue of the equity default swap equd to zero
isgiven by

cr =wE(e ") (220)

m

G(Yt,T EDS _ t)
a e v, - QY - t)]

i=1

Three specia cases are now considered. FRrd, recal from earlier in this section that a credit
default swap can be thought of as an equity default swap with a trigger price of zero (or
equivaently, a trigger value of zero). As a consegquence of Assumption 4, V * is equal to the
default boundary V® if the trigger value is zero. Therefore, by comparing (2) and (8), it can
be seen that, in this case, the initid distance to a payoff event Y, is equd to the initid distance

to default X,. Hence, by setting Y, equa to X, in (21), Theorem 1 gives an expression for

the spread of a credit default swap.

The second specid case is that of an equity default gotion, where the buyer of the derivative
makes a dngle payment a time t, which gives protection agangt a credit event and a large
fdl in the reference firm's equity vaue until time T®°. The above theorem shows that the
fee of the equity default option should be

c* (TP - )N = wE(e®)G(Y,T™°- )N . (22)

The find specia case to be consdered is where the equity default swap buyer makes n
regular payments every year, and

t :t+IT. 23)

If it is further assumed that T™° -t is an exact multiple of 1/n, then Theorem 1 shows that
the par EDS spread is given by
G(Y,T EDS _ t)

n(TEPS.t)-1

a €""1- QY i/n]

i=0

c* =nwi(e ) (29)




3. Properties of the Spread of an Equity Default Swap

In the previous section, it was only necessary to make generd assumptions about default-free
interest rates, the dynamics of the asset vadue of the firm, the principd vaue of outstanding
debt and the default boundary to derive an expression for the spread of an equity default swap
in teems of parameters of a structurd modd. However, three of the parameters (the initia
vaue of the firm's assets, the assat volatility, and the net payout rate to security holders) in
(21) are unobservable. In this section, the effect of observable variables on the EDS spread is
investigated. So that this can be done, one solution is to cdibrate a structurd modd usng
equity data. The equity vaue of a firm depends on assumptions about the capital Structure of
the firm, eg. whether the firm issues finite-maturity bonds or perpetual bonds. Therefore, it
is now necessary to focus on a specific structural modd, and the model proposed by Leland
& Toft (1996) is selected for use in this section.

The modd developed by Ldand & Toft (1996) satidfies the first four assumptions outlined in
Section 2. Ledand & Toft did not make, nor did they need to make, any assumptions about
the number of outstanding shares in a firm. As a reault, the fifth assumption made in Section
2 is ds conggent with ther modd. The reference firm is assumed to continudly issue
coupon bonds at a constant rate; these bonds are dl of the same seniority and have an initid
time-to-maurity T <¥ . As a realt, the firm issues bonds with a principd vaue of
(F/T)dt intheinterva [t,t+dt], where F is the principd vaue of dl outsanding debt. All
bonds are assumed to pay a continua stream of coupon payments a a rate of ¢, so that the

firm pays out a totd of cFdt in coupon payments in the interva [t,t +dt]. However, the firm

receives tax benefits on these coupons at a tax rate that will be labelled tax. Also, the firm

experiences default costs of aV® a the time of default. Findly, since the issued bonds have
the same seniority, debt-holders receive the same fraction of par a the time of default,

regardless of the bond's remaining maturity.

10



Theorem 2
Given the capital structure outlined above, the vaue of afirny's equity is given by

§ =S(V) = V- (1- tax)cF étax)c+ab9FXt'(a+b)
rooE ? (25)
. EEFga € |(>g,T)9- &1-a)b - SOFI(x,T).
8 17 g
wherethe functions | (X, T) and J( X, T) areequd to
1(X,T)= (G(x T)- €7Q(X.T)) (26)
and
1 2 -atb - (atb N
\](Xt’T) :m—ﬁg Xt F[dl(xt’T)]dl(Xt’T)+xt ( )F[dz(XwT)]dz(XuT)H, (27)
whiled,(X,,T) and d,(X,,T) aregivenby (17) and (18) respectively.
Proof
See Leland & Toft (1996). y

As mentioned in Assumption 3, the default boundary is given by VE=bF. In the modd
proposed by Leand & Toft (1996), the vaue of b is caculated endogenoudy to maximise
the market vaue of the firm's equity; Leland & Toft show tha the optima default boundary
isgiven by

€ OzeA Bo A ae(tax)co

 EET 5 TR T 5 o9
1+(a+b)a - (1- a)B
where
A=2ae "F(as \T)- 2bF (ks JT)- f(bs«/_)+zerTf(as«/_)+(b a) (29

ST AT

(30)

B=- ?éfz —_F(st_)-—J_f(st_)+(b )+ —

To cdibrate the Leland & Toft modd usng equity data, three equations are needed that link
the unobservable variables to equity variables, since there are three unobservable variables in
the structural model. One equation is provided by (25), so two more equations are required.

1



An application of 1t6's Lemmato (6) revedls that the equity value follows the process®

2 506
dS, = my(V,)dt +¢SV, W, (31)
¢ WNMg

This can bewritten as

9B T Ot vs s,
S é S o

0 that by comparing (31) and (32), the equity volatility a imet, s, can be seen to be equal

(32)

to

go-SWIS
s
Thederivaivein (33) can befound by Smply differentiating (25).

(33)

A firm makes three sets of payments to security holders dividend payments to equity-
holders, and coupon and principa payments to debt-holders. However, the firm receives two
sets of payments. the tax-shdtering value of the coupon payments made to debt-holders, and
the money recaived from issuing new debt. Therefore, the net payout rate to security holders
istaken to be

_0°S +(L- ta)CF +F/T- SB
\/t )

ddt (34)

where d.° is the dividend yield at time t, (F/T)dt is the principa payment made for bonds

that were issued in the interval [t- T,t- T+dt], and SBdt is the time-t market value of the
bonds that are issued in the interva [t,t+dt]. This was shown in Leland & Toft (1996) to be
equd to

cF coF .+ coF
=2 +F 20 o T]+31-a)b- =2 G(X,T). 35
el T I QAT+l )b SenGOX,T) (35)
Therefore, the right-hand side of (34) provides an estimate of the net payout rate of the firm
a time t. The net payout rate d is then fixed a this vaue as d is assumed to be congtant

over time (see Assumption 2).

6 Although It6's Lemma can be used to derive the form of the drift term in (31), it is not necessary for the work
here.



Three eguations linking the unobservable variables to observable variables have now been
derived. Therefore, given vdues for the equity vaue S, equity volatility s, and the

principal vaue of outstanding debt F of the reference firm aswell as r, d°, c, T, tax and a

the initid market vdue of the reference firm's assats the asset volatility and the net payout
rate can be found by solving (25), (33) and (34) smultaneoudy. However, if the assst

voldility of the reference firm is known aswell as S, F, r, d°, ¢, T, tax and a , the vaues of

two unobservable variables remain to be found, so only two equations are needed. Hence in
this case, the initid asset vadue of the firm and the net payout rate can be found by solving
(25) and (34) amultaneoudy.

Once the structurd modd has been cdibrated usng equity data, the next stage is to cdculate
V*, the vaue of the reference firm's assets that corresponds to the trigger vaue S*, by
solving the implicit equation (7). As the equity vaue is a monotonic increasng function of
the value of a firm's assets, V* can be found by repeated bisection. Then the distance to a
payoff event can be cdculated usng (8), and the par annuad EDS spread can be computed

using the expresson in Theorem 1.

The following two grgphs shows the annud soread of a five-year equity default swap for
various trigger vaues, which are shown as a proportion of the current equity vaue of the
firm’. In these graphs, the default-free interest rate is taken to be 6%, while the reference
firm is assumed to have a debt-equity ratio® of 100%, an equity volatility of 50%, a dividend
yidd of 2%, and a coupon rate of 7%. The firm is assumed to issue bonds with an initid
time-to-maturity of ten years. The tax rate is 15%, and it is assumed that the reference firm
loses 15% of its vaue upon default, i.e a =15%. Further, the buyer of the EDS makes
quarterly payments, w is taken to be 50% (so that the EDS sdler makes a payment of 0.5N
upon a payoff event), and the sdler of the derivative makes a payment a the time of the
payoff event, i.e. sisequd to zero with probability one.

" If the number of outstanding shares is constant over time, a fall in the equity value of the firm by z% is
equivalent to afall in the price of asingle shareby z%.
8 The debt-equity ratio of afirmis defined as the principal value of its debt over the market value of its equity.

13
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Figure 1: EDS Spreadsfor Different Trigger Values (Logarithmic Scale)
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Figure 2: EDS Spreadsfor Different Trigger Values

These graphs show that even a very low trigger value can lead to a subgtantid increase in the
annua spread compared with a credit default swap (equivaent to an equity default swap with
a trigger value of 0). For the particular case investigated above, the EDS spread is 86.48bps
if the trigger value is O, but increases to 189.73bps and 576.39%bps if the trigger vaue is 5%

14



and 30% of the current equity value respectively. Note that the CDS spread is consstent with
tha of an invesment-grade reference firm.  However, if the trigger vadue is 30% of the
current equity vaue, the spread of a five-year equity default swgp is Smilar in magnitude to
that seen on credit default svaps for some speculative-grade firms.

If the trigger vadue is 100% of the equity vadue a time t, the probability o a payoff event a a
time grester than t is 1. Thus from (24), if the EDS buyer makes n payments a year, the
annud EDS spread a time t is 10,000wn bass points. In Figure 1, it was assumed that
w=50% and n=4, so that the EDS spread is 20,000bps if the trigger vaue is 100% of the

current equity vaue.

The effect of the reference firm's debt-equity ratio on the EDS spread is now investigated.

The spreads of both a one-year equity default swap (comparable to the expiry time of a
ressonably long-dated equity option) and a five-year EDS (comparable to the expiry time of
the most liquid credit default swaps) will be caculated, while the trigger vaue is sat a 30%
of the current equity vaue. Table 1 shows the EDS spreads for different debt-equity ratios
while the asset volaility of the reference firm is fixed. Recdl from (1) that the asset
volatility of a firm is assumed to be constant over time, so that the EDS spreads in Table 1
can be thought of as the spreads of a single reference firm as its debt-equity ratio varies. It is
assumed that the buyer of the EDS makes quarterly payments, and the values of r, d°, c, T,

w, s, tax and a used in Table 1 are the same as those used for Figures 1 and 2.

. , Equity Default Swep
Observable Variables Structurd Variables Spreads (in basis paints)
Initid Debt- Iliglltjll?y Dlsptg/1(c):fef © Asst Net Payout | OneYear | FiveYear
Equity Ratio Volatility Evart Voldility Rate EDS EDS
25% 30.69% 2.32 25% 2.71% 3.61 126.86
50% 36.80% 1.93 25% 3.25% 44.31 267.46
100% 48.83% 1.61 25% 4.13% 301.03 538.81
200% 69.86% 1.41 25% 5.54% 1,003.91 981.17
400% 102.57% 1.29 25% 7.48% 2,113.22 1,629.34

Table 1: EDS Spreads for Different Debt-Equity Ratios While Asset Volatility is Fixed
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Table 1 shows that the annua EDS spread increases as the debt-equity ratio increases, i.e. as
the debt-equity of a firm increases, it is more likey to suffer a large fdl in its equity vaue.
This is due to two reasons. Fird, the net payout rate to security holders d is larger if the
initid debt-equity ratio of the firm is grester. This can be seen by examining (34). A firm's
credit quality decreases as its debt-equity ratio increases, 0 that the amount of money it
recaves from issuing new debt decreases.  Therefore, unless the dividend yidd is
ggnificantly greater than (1- tax)c, the drift term of the process moddling the asset vadue of
the firm, given by (1), decreases as a firm's debt-equity ratio increases. This usudly causes
the expected growth of the firm's equity to be lower, making it more likdy that the firm will
suffer a large loss in its equity vaue. The second reason is the leverage effect, which says
that a firm's equity voldility is postively related to its leverage®. Note from Table 1 that the
Leand & Toft modd is conagent with the leverage effect. Therefore, a firm would be more
likdy to suffer a large fal in its equity vaue as its debt-equity ratio increaeses, even if the
expected growth of the firm's equity remained the same. A combinaion of these wo factors
explains the high sengtivity of the EDS spread to the firm' s debt- equity ratio.

Table 2 shows the EDS gspreads for different debt-equity raios while the initid equity
voldility remains fixed. This can be thought of as the EDS spreads of a cross-section of
firms with the same equity volatility. Agan, it is assumed that the buyer of the EDS makes
quarterly payments, and the values of r, d°, c, T, w, s, tax and a used in Table 2 are the

same as those used for Figures 1 and 2.

. , Equity Default Swep
Observable Variables Structurd Variables Spreads (in basis paints)
Initial Debt- Ilzglﬂl?y Dlggfef 0 Asset Net Payout | OneYear | FiveYear
Equity Ratio Volaility Event Volaility Rate EDS EDS
25% 50% 2.35 40.60% 2.82% 225.75 545.44
50% 50% 1.96 34.17% 3.41% 285.31 565.82
100% 50% 1.61 25.74% 4.20% 346.98 576.39
200% 50% 1.34 16.67% 4.89% 389.91 567.18
400% 50% 1.16 8.85% 5.32% 396.45 530.48

Table 2: EDS Spreads for Different Debt-Equity Ratios While I nitial Equity Volatility is
Fixed

® Empirical evidence of the leverage effect is provided in Black (1976), Christie (1982) and Duffee (1995).
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The above table shows a complex reationship between a firm's debt-equity ratio and the
oread of an equity default swap. For the particular values andysed here, the EDS spread
remans podtivey reated to the debt-equity ratio of the reference firm for equity default
swvaps that are reasonably close to expiry. Therefore, a highly-levered firm is more likey to
auffer a 70% fdl in its equity vaue in the next year than a firm with a low leverage, even if
both firms have an initid equity volaility of 50%. However, the soread of a five-year equity
default swap appears to be less sendtive to the reference firm's debt-equity ratio, and is dso
no longer a monotonic function of the debt-equity ratio. For the vaues used in Table 2,
reference firms with debt-equity ratios of 50% and 200% would have smilar EDS spreeds,
while afirm with a debt-equity ratio of 100% would have a higher EDS spread.

4. Conclusions

In this paper, a closed-form expresson for the price of a new equity-credit hybrid derivative,
an equity default swap, was derived in terms of parameters of a generd dructura credit
model. The legd risk of the derivative was modelled and incorporated into the expresson for
the EDS spread. I was shown how a paticular structurd modd could be cdibrated using
equity data, and this model was then used to investigate properties of the equity default swap
goread. It is seen that an equity default swap with a low trigger vaue can have a subgtantidly
greater annual spread than a credit default swap. Also, it was shown that, provided that the
dividend yidd was not dgnificantly larger than (1- tax) times the coupon rae, the EDS
goread increases as a firm's debt-equity ratio increases, assuming that the firm's asst
volatility is congant. However, if there are two reference firms with different debt-equity
ratios, but the same equity voldility, it was seen that there is a complex relationship between
EDS spreads.

The equty-credit hybrid derivative market is dready producing more complicated products,
such as the equity collaterdised obligation (ECO), which is an equity-credit hybrid anaogy
of the collaterdised debt obligation (CDO). This paper has shown tha the use of structurd
credit models produces a smple closed-form expresson for a basic hybrid derivative. Future
research will focus on usng structurd modes to price the more exotic hybrid derivatives that

are increasingly becoming available.
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