DEFAULT IMPLIED VOLATILITY FOR CREDIT SPREAD

C. K. Zheng
Morgan Stanley Dean Witter

April 1999

This paper presents a simple reduce-form approach to pricing credit derivatives. The definition of default is purely
based on the market value of arisky bond and its potential recovery value. A risky bond is treated as a riskless bond
with an embedded short position on abarrier option. The risky bond market implicitly prices this barrier option. The
default implied volatility (DIV) curve for credit spread is derived from the values of barrier options. The DIV curveis
useful for pricing volatility-sensitive credit derivatives. In this paper, we show how the DIV curve is used to
consistently price a credit spread put option and a first-to-default swap. The correlation matrix of reference entities
credit spreads (not default arrival times) is used for pricing a first-to-default swap.

C.K. Zheng isa Vice President at Morgan Stanley Dean Witter, 1285 Broadway, New Y ork, NY 10036. E-
mail zhengck@ms.com; phone (212) 761-0139.



DEFAULT IMPLIED VOLATILITY FOR CREDIT SPREAD

Recently there has been much interest in the pricing of credit derivatives, and the demand for credit
derivatives is booming. It was spurred by Russia’ s default on its sovereign debts and the global
credit crisisin the summer of 1998. The latest survey by the Risk magazine (Risk, April 1999) puts
the global credit derivatives market at $477 billion. One popular approach for the credit derivatives
is the “reduced form” based approach which models the default event as a random surprise. This
paper presents a new simple approach to price credit derivatives along this line. The basic logic
behind this paper is based upon the following observation: the wider the credit spread, other things
being equal, the higher the probability of default, thus the higher the future potential credit spread
volatility (since in adefault event, the credit spread may move drastically). We call this future
potential credit spread volatility, implied by the credit spread, the default implied volatility (DIV)
for the credit spread. Our focus on the DIV is mainly motivated by the fact that many credit

derivatives, like other derivatives, depend heavily on volatility.

To derive the DIV, we use a continuous credit spread model to describe the default characteristics,
rather than treating a default event as a random surprise or a Poisson process. We assume that a
risky bond issuer defaults, if and only if its shortest-maturity bond price drops to R percent of the

otherwise equivalent riskless bond with the same coupon and maturity. When a bond issuer

fThere are mainly two approaches to model the credit spreads. Examples of firm value based approach include Black and Cox
(1976), Chance (1990), Hull and White (1995), Longstaff and Schwartz (1992), Merton (1974), and Nielson, Saa-Requejo and
Santa-Clara (1993). Examples of “reduced form” based approach include Artzner and Delbaen (1994), Cooper and Mello (1996),
Duffie and Singleton (1998), Fons (1994), Jarrow, Lando, and Turnbull (1997), Lando (1998), Litterman and Iben (1988), Madan

and Unal (1993), Nielsen and Ronn (1995), Ramaswamy and Sundaresan (1986), and Schonbucher (1997).



defaults, each of its outstanding bonds is priced at R percent of the otherwise equivalent riskless
bond, where R is the recovery rate (Jarrow, Lando, and Turnbull, 1997, use asimilar recovery rate).
This threshold-based definition of default is analogous to Black and Cox (1976)’ s definition of
default which is based on athreshold of the firm value. In this paper, a default event is defined by
the shortest-maturity risky bond price relative to the riskless bond price. We call the shortest-
maturity bond the trigger bond since default is triggered by its price relative to the riskless bond
price. We use the shortest-maturity bond as the trigger bond mainly because: @) this bond is
generaly the most liquid, and b) when the issuer defaults on this bond, it must default on al other
outstanding bonds. Our definition of default is reasonable if one is comfortable with the recovery
rate. If the market is certain that when the trigger bond defaults, the recovery rate is R, then when

the trigger bond price hits the recovery value, the bond must default.

From this definition, a risky bond can be decomposed into two parts. ariskless bond and a barrier
option. To long arisky bond is same as to long the equivalent riskless bond and to short a barrier
option. The barrier option pays (1-R) percent of the equivalent riskless bond if the trigger bond
price reaches R percent of its equivalent riskless bond price (i.e. the bond issuer defaults), zero if
otherwise. The value of the barrier option is equal to the riskless bond price minus the risky bond
price. Therefore, the bond market implicitly prices this barrier option through the risky and riskless
bond prices. From this option price, we can derive the default implied volatility for credit spread
viaaterm structure model (we use the Cox, Ingersoll, and Ross, 1985, model in this paper). The
DIV is purely derived from the underlying bond prices, but fully accounts for the credit spread

changes due to economic conditions, possibility of credit changes, and possibility of default. This



default implied volatility can then be used to price other credit derivatives consistently. In this

paper, we price the credit spread put option and the first-to-default swap as examples.

The primary motivation of using a continuous credit spread model and defining default by the
trigger bond price is to make the credit derivatives more understandable. Although the credit spread
does jump occasionally, the default implied volatility fully incorporates the possibility of these
occasions. This observation is analogous to stock option traders' rationale. It iswell known that the
stock prices often jump, and there are numerous stock option pricing models which explicitly try to
explain these movements. However, the option traders are still using the Black-Scholes (1973)
model which is purely based on a continuous setting. The possibility of jumps is ssmply factored
into higher implied volatilities. In our setting, we treat the credit derivativesin away that is very
similar to how we treat the usual (i.e. riskless) interest rate based derivative products. For example,
we can make a direct comparison between the DIV and the historical credit spread volatility. We
can use the credit spread correlation matrix of the basket of reference entities to price the first-to-
default swap. This correlation matrix, which is based on credit spreads, can be measured by
historical data. It is far different from the correlation matrix of default arrival times, which is used
in Poisson based models. The correlation matrix of default arrival timesis very subjective, and can

not be measured by historical data.

THE CIR MODEL FOR THE DEFAULTABLE BOND

Let B(t,T) and Bq(t,T) be the zero coupon bond prices at time t with maturity T for the riskless

government bond and arisky defaultable corporate or sovereign bond correspondingly. Let r(t) and



S(t) be the short term interest rate and the short term credit spread. We assume each of r(t) and s(t)

follow a one-factor CIR modé, i.e.
(1 r(t) = cq(t) + Xau(t)
(2 () = co(t) + Xoot)

and the state variable Xj(t) follows a square-root process,

3) dXi() = [ki g — (ki + 1 5) Xi(®)] dt + si4/X, (t) dZi(t) fori=1,2.

here Zi(t), i = 1, 2, are independent standard Brownian motions in the risk-neutral measure. ki, g,
and s; are the long-term mean, the mean-reversion speed, and the volatility. | ; are therisk

parameters. And ¢i(t) are deterministic functions which make the model fit the initial interest rate

curve and the credit spread curve exactly. Then CIR shows that the bonds prices

4) B(t,T) =E{exp(—-¢ r(t)dt)}
t

= exp{ —c‘; ci(t) dt +1n Aq(t,T) —Ba(t,T) Xa(t) }
t

T

) Bu(t,T) = E{exp(—Q  [r(t) +s(t)] dt)}
t

T

=B(tT) exp{ —( Ca(t) dt +InAx(t,T) —Ba(t,T) Xa(t) }

t
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(8) 9= +1,)2+252 fori=1,2

We assume, for the simplicity of discussion, that the bond issuer issues zero coupon bonds only.
Furthermore, at time t, the shortest-maturity bond has maturity t*. From our definition, B4(t, t*) is
the trigger bond price at time t. When the trigger bond price, at timet, touches the recovery value
RB(t,t"), where R is the recovery rate, the bond issuer defaults on all the outstanding bonds at time
t. At that time, each of the outstanding bondsis valued at R percent of its equivalent riskless bond

price, i.e. B4(t, T) =R B(t, T),foral T > t.

Now let us consider zero coupon risky bond with maturity T at timet. Let D(t,T) be the value of a
barrier option embedded in Bq(t,T) at timet. This barrier option pays:
(9 =(@A-R)B(t,T)atimet,if By(t,t") reachesRB(t,t") for thefirsttimeatt (t<t <T);

0, otherwise.
Then long the defaultable bond is equivalent to long the riskless bond with a short position on the
barrier option, i.e.
(10) Bq(t,T) = B(t,T) = D(t,T)
or D(t,T) = B(t,T) — Bq«(t, T),
S0, whenever the market prices the riskless bond and the defaultable bond, it implicitly prices the
barrier option. Now let us take a closer ook on this barrier option. The barrier on the trigger bond
priceis Bg*(t,t") = RB(t,t"), for t<t <T. Now let us transfer this barrier on the bond price to the
barrier on the credit spread factor X,(t) by using equation (5). The barrier on the credit spread

factor is



(11) X2*(t) =[-InR —(‘; C,(u)du + InAx(t t™) ]/Bo(t t )

t
This barrier is plotted in Figure 1. Here we assume at time 0, the outstanding risky bonds are 10
zero coupon bonds maturing at year i, i =1, 2, ..., 10. The parameter set is
(12) k»=0.01, g,=0.02, | ,=0.001, X»(0) = 0.01, R = 50%, r(t) = 5.00%, for all t
and s, = 150%, c,(t) = 0, for al t. We can see that this barrier is not constant, but time-varying. As
timet gets closer to the maturity t* of the trigger bond, the barrier moves further away. Thisis
because the shorter the trigger bond’ s maturity, the wider the credit spread to make the trigger bond

price equal to afixed R percent of the equivalent riskless bond price.

30

25 4

20 -

15 A

10 -

0 1 2 3 4 5 6 7 8 9 10
Maturity
Figure 1. The Barrier for the credit spread state variable X(t).
This barrier is based on g,=0.02, | ,=0.001, k,=0.01, $,=150%, c2(t)=0,

X2(0)=0.01, R=50%, and r(t)=5%. The outstanding bonds at time O are zero
coupon bonds with maturity i=1,2,...,10.



PRICE THE BARRIER OPTION

Given the parameters kz, | 2, 02, X2(0), and volatility s, (from hereon we assume the reader can
estimate the parameters ks, | 1, q1, S1, X1(0), and ¢,(t) for the riskless interest rate curve, see CIR),
as well as the deterministic function c,(t), we can price the barrier option by Monte Carlo
simulation. Let f(t) be the first-passage density function for X,(t) to reach the barrier (11) at timet.

Since the riskless interest rate and the credit spread are independent,

T

(13) DT =E[g B(tt)[(1-R)B(t,T)]f(t) dt]
t

T

=(1-R)B(tT) o f(t)dt =(1-R)B(T) p(t,T)
t

where p(t,T) is the probability of Xx(t) hitting the barrier (11) between [t, T]. To calculate p(t,T),

we can discretize the diffusion process (3) by

(14) DX(ti) = (K2 — (KoH 2) Xa(tia)) Dbi + S2+/X, (8, )Dt i, fori=1,2,...,M
wheret =to<ti<tx<..<tu=T, and x;arei.i.d. standard normal random variables. For each
simulation run, we check at each t; if X(t;) has reached the barrier (11). If it reaches at any point for
the j-th simulation run, assign pi(t,T) = 1; otherwise p(t,T) = 0. The probability p(t,T) is the average

of these p(t,T) over the total number of simulation runs.

Given the CIR parameters k,, | ,, g, X5(0), and s, the deterministic function c,(t) totally specifies
theinitial credit spread curve. But ¢,(t) cannot be chosen arbitrarily, since c,(t) must be chosen to
satisfy

(15) B4(0,t) = B(0,t) — D(0,t)



here B4(0, t) depends on c,(t), t <t, through equation (5), and D(0, t) depends on c,(t), t <t,
through equation (11). If we assume c,(t) a piece-wise constant Cx(t) = Cpj, for Tj.1<t<Tj, To=0<
T1<T2<...<Tn=T, wecan recursively solve the nonlinear equation (15) for al c,;. More
specifically, if we have already solved ¢y, 1 =1, 2, ..., j, then ¢yj+1 iS the solution to the nonlinear

equation (15) (with t = Tj+1) with the constrains (5) (witht =0, T = Tj+1) and (11). With all these
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Figure 2. The derived spot credit spread curve based on the inputted

volatility curve in Figure 3. The parameters are k,=0.01, q,=0.02, | ,=0.001, X,(0)=0.01,
R=50%, r(t)=5%. The outstanding bonds at time O are zero coupon bonds with maturity

i=1,2,...,10.

we can calculate the initial credit spread curve. Figure 2 and 3 show the calculation results. Here
we use the parameter set (12). The credit spread curve B in Figure 2 is derived from the credit

spread volatility curve B in Figure 3.
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Figure 3. The inputted CIR credit spread wlatility curves used to
generate the spot credit spread curves in Figure 2.

CIR MODEL WITH PIECEWISE CONSTANT VOL

To make the model more flexible, we assume the credit spread volatility is piecewise constant s, =
So(t) = sz, for Tja<t <Tj, t=Tp< T1<..<Tn=T. It can be shown (see Pitman and Y or, 1982)

that
T l\é—l

(16) Byt T)=B(tT) exp{ =) Cat) dt + & INAL(T], Tjsa, @js1) — Balt, Ty, az) Xa(t) }
t =0

Where

INA(T;, Tj+1,8j41) =

K | g 29,1 &XP(K, +1 5 - G 0)(Tja - T))/2)
2774 95 j+1(Tja17T))
S2ju 829211416 f2raliay +k,+l,+0, 5, *s 22,j+1a )d-e

et ey ey el
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“92,j41(Tj417T)) O g (Tiag T
2- k,+l 2)aj+1)(1' e 92,jx1 00 417 )+gz,j+laj+l(1+e 92,41l Tj417 Tj )

BZ(TJ' Tj+1 a,-+1) =
o 192,141 T) 2 92, j+1(Tjan"Tj)
292,1'*‘1e e +(k2 +1 2 +gz,j+1 *S 2,j+18 j+1)(1' e~ )

=k, +1,)2 +25 2,

hereay =0, aj = B(Tj, Tj+1, aj+1), forj =1, ...N-1.

The barrier (11) can be easily replaced by
t" me-1

(17)  XF(@M)=[-InR-Q c,(u)du+InAx(t, T, .a,)+a [nAAT} T8 +)
t

j=my
+InAL(T,, t"a,, 1) B, T, ,a,),

ift1 (T,...T,l,andt™I (T, .7, ,], heea, ,=0a, =BT, .t a,,) ada;=

m-1

BZ(Tj,Tj+1,aj+1), fOrj =my, ..., m-1.

Now given the credit spread volatility term structure s,;, j = 1, 2, ..., N, we can use the same
recursive procedure described above to calculate cy; by solving the nonlinear equation (15). With
C2j, we get the initial credit spread curve. Figure 2 and 3 show the impacts of different credit spread
volatility curves on theinitial credit spread curves. Here we use the parameter set (12). The credit
spread curves A, B, and C in Figure 2 are derived from the credit spread volatility curves A, B, and

C in Figure 3 correspondingly.

The model generates an upward-sloping credit spread curve A by assuming an increasing credit
spread volatility curve A. This shape of the credit spread curve is applicable to an AAA-rated

issuer. For thisissuer, the market has more confidence in nearer term than in longer term (i.e. if

11



something is to go wrong, it must be years away). Trandating this confidence into volatility, it
means the market expects less volatility in nearer term than in longer term. So the upward-sloping
credit spread volatility curveislogical. The model can aso generate a humped credit spread curve
B by assuming a constant volatility term structure B, which is atypical credit spread curve for a
BBB-rated issuer. For thisissuer, the market has almost equal confidence in nearer term vs. longer
term. If the issuer experiences any financia difficulty, it could be in either the nearer term or longer
term. Hence aflat volatility curve makes sense. Finally, the model generates a downward-sloping
credit spread curve C by assuming huge volatility in the near term and much smaller volatility in
medium and long terms. Thisis generally true for a CCC-rated issuer. Thisissuer generally has a
very difficult time in near term, however if it survivesin near term, it will more likely improve in
the long run. Therefore, the credit spread volatility is much higher in the near term than in the long

term.

Now we can obviously reverse the procedure above, given theinitia credit spread curve, to
calculate the volatility term structure. More specifically, assume we have aready arrived at the
solutionsup toi, spj, forj =1, 2, ..., i, we want to calculate S»;+1. With the initial credit spread
curve, we know By4(0, T)),j =1, ..., i. From equation (16), we can calculate cpj, ] = 1, ..., i. Now
S2i+1 1S the solution to the following nonlinear equation

(18) Ba(O, Ti+1) = B(O, Ti+1) — D(O, Ti+1)

with c,+1 satisfying equation (16) (witht =0, T = Ti+1), and the barrier condition (17) with t

| [O,Ti+1] .

12



We cadll this volatility term structure the Default Implied Volatility (DIV) term structure of credit
spread. Figure 4 shows the default implied volatility curve based on theinitial credit spread curve.
Here we use the parameter set (12). One must notice that the DIV for credit spread is much higher
than usual (riskless) interest rate vol. The DIV isin the order of 50% to 150%, while the usual
interest rate vol is somewhere around 5% to 10% in the CIR world. It is not surprising that the DIV

ismuch higher. The DIV compensates for the possibility of default (in this case, the credit spread

DIV (percentage)
250 - o~ | e spot credit spread curve (bp)

Maturity

Figure 4. The Default Implied Volatility (DIV) curve for credit
spread. The parameters are k,=0.01, ,=0.02, | ,=0.001, X,(0)=0.01, R=50%,
r(t)=5%. The outstanding bonds at time 0 are zero coupon bonds with maturity
i=1,2,...,10.

may have abig jump), the possibility of credit-rating change (in this case, the credit spread may

have a smaller jump), and the general credit spread swing due to the economic condition changes.

The DIV isthe volatility for the “instantaneous’ short-term credit spread. To get a broader picture,
let uslink the DIV to the credit yield spread standard deviation. The credit yield spread Y (t, T) for

the zero coupon bond Bd(t, T) is

In(B, (t,T)/B(t,T))

Y, T)=- T-0

13



T N-1
=—[-Q cAt)dt + Q INAKT] Tjer, @jea) — Balt, Te, az) Xa(t) 1/ (T-1)
t

j=0
and the standard deviation is

std(Y (t, T)) = Baft, T, @1) S214/X, (1) /(T—Y)
This standard deviation is plotted in Figure 5 in the case of the flat short-term credit spread
volatility curve s, = 150%. Notice that the shorter the maturity of the zero coupon bond, the larger
the standard deviation of the credit yield spread. Thisis because the shorter the maturity of the
bond, given afixed recovery rate R, the wider the credit yield spread moves if the bond defaults.
For example, given the recovery rate R=50%, and constant 5% riskless interest rate, if a 10-year
zero coupon bond defaults, its credit yield spread will jump to Y (0, 10) = 6.93% (from exp(-
(Y(0,10)+5%)x10 ) = 0.5 exp( - 5% x10)). But if a 1-year zero coupon bond defaults, its credit

yield spread will jump to 69.3%.
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Figure 5. The credit yield spread standard deviation for zero
coupon bonds. The parameters are k,=0.01, ,=0.02, | ,=0.001, s ,=150%,
X,(0)=0.01.
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PRICE CREDIT DERIVATIVES

The model can easily be used to price credit derivatives consistently with the underlying

defaultable bond market. In this section, we price a credit spread put option, and a first-to-default

swap.

A credit spread put option on the zero coupon defaultable bond Bq(t, T) is an option which pays the
difference between a reference price (here we use the defaultable bond price By(t, T; S«) with its
yield at the option strike) and the default value of the bond if it defaults at any timet (0<t<T*)
before the option maturity T*; or max[ By(T*,T;Sk) — Bo(T*,T; S(T*)), O] at the option maturity
date T* if it doesn't default at [0, T*]. Here S« isthe option strike, and S(T*) is the credit spread at
the option maturity date T*. We can value this credit spread put option as a barrier option. When
the state variable X,(t) hits the barrier (17) (i.e. the bond defaults) at time t <T*, it pays Bq(t,T; Sk)
—RB(t,T); otherwise it pays max[ Bq4(T*,T;S«k) — Ba(T*,T;S(T*)), O]. Since the interest rate and the
credit spread are assumed independent, we can take the expectation of the option payoffs over the
interest rate. Thus if the option hits the barrier (17) at timet, the present value of the expected
payoff is
(19) Eof B(Ot) [ Ba(t,T; S) —RB(t,T)]}

= BEo[B(0,t)B(t,T)] (exp(— Sk (T-1)) - R)

=B(0,T) (exp(- S (T-1)) -R)
otherwise, the present value of the expected payoff is

(20)  Eo{ B(0,T*) [ Bo(T*,T;Sk) — Ba(T*,T;S(T*)) '}

15



= Eo[B(0, T*)B(T*,T)] [exp(— Sk (T-T*))

N-1
P M)A+ & IMALT Tja ) BT Ty )Xo

=B(0,T) [exp(—S«(T-T*))

j=m

N-1
P M)A+ & IMALT) Tja ) =BT Ty )Xo

hereweassume T* =T, ,and T =T, .

j=m

We can price the barrier option with payoffs (19)-(20) by discretizing the state variable X,(t) as

(14) and using Monte Carlo ssimulation. Table 1 shows the value of the credit spread put option.

Table 1. The value of the credit spread put options on 10-year zero coupon defaultable bond

Maturity Strike
50bp OTM 25bp OTM ATM 25bp ITM 50bp ITM
1 174 191 214 3.24 4.44
2 242 2.63 2.90 3.95 5.05
3 3.28 3.49 3.77 4.73 571
4 3.95 4.19 4.48 5.32 6.20
5 4.54 4.78 5.07 5.82 6.58

Here we use the parameter set (12), the credit spread vol curve B in Figure 3, and the credit spread curve B in Figure 2. The

At-The-Money option is at-the-money forward on the credit spread. The option values are presented as a percentage

of the notional. The maturity isin years.

Now let us ook at the first-to-default swap. In afirst-to-default swap (also called basket swap),

there is more than one reference entity. If any of the reference entities defaults before the swap

maturity date, the protection buyer will receive the difference between areference price (here we

use the corresponding riskless bond price) and the defaulted bond price. The protection buyer

makes periodic (e.g. annually) payments to the protection seller up to the default date (here we

16



assume the payments at arrears, and if default occurs, the buyer pays only the accrual for the last

payment).

Let us assume there are J reference entities in the first-to-default swap. For the j-th entity, the short
credit spread s(t) = ¢ (t) + Xy(t), and Xz(t) follows

(21) dX (1) = (Ka0l — (ko 23) X2 (D)) dt + s21(8) /X (1) AZz(0), i=1,2,..,3
where Zy(t), ] = 1, 2, ..., J are standard Brownian motions, and they are independent from Z(t). The
correlation between dZi(t) and dZy(t) (withi?® j) isrjj. The recovery rate for the j-th entity isR;. To
price the first-to-default, we first use each reference entity's initial credit spread curve to derive the
default implied volatility. Now assume Y to be the annualized periodic payment the buyer must pay
for afirst-to-default swap on T-year zero coupon bonds (assuming each entity has a T-year zero
coupon bond). Let T* be the maturity of the swap, and t;, i =1, 2, ..., P, the periodic payment dates
with T* = tp. Then the cash flows of this swap deal to the buyer are [ B(t, T) - R; B(t, T) ] =Y (t -
ty) at timet, and =Y (i —ti.)) at timet;, fori =1, 2, ..., q, if j-th entity first defaults at timet | (tg,
tq+1], g<P; otherwise if there is no entity defaults at [0, T*], the cash flows are -Y (t; —ti.4) at time t;,
fori=1,2, ..., P(herety = 0). Now we can value the first-to-default swap as a barrier option, with
atotal of Jbarrier equations (17) with one for each of the reference entity. If one of the entities (e.g.
the j-th) hits the barrier (17) (with j-th entity’ s parametersin the equation) at timet | (tq, tq+1], <P,

the present value of the expected cash flows of the deal over the interest rateis

(22) EofB(0,t)[B(t, T) =R B(t,T)] “ V(- t,) BO,t) - Y(t —tg) B(O, t)}

i=1

=B(0,T) (1-R) - éq Y(t - t.,) B(O,t) - Y(t —tg) B(O, t)

i=1

17



otherwise if there is no entity hitting the barrier (17) at [0, T*], the present value of the cash flows
IS

&
(23) —aY@ -t.,)B(,t)

i=1
We can price this barrier option via Monte Carlo simulation. Y is the solution which makes the
value of the swap deal worth zero. Figure 6 shows the annualized premium for a two-year first-to-
default swap on 10-year zero coupon bonds with two reference entities. Here we use the parameter
set (12), the volatility curve B in Figure 3, and the credit spread curve B in Figure 2 for each of the
entities. This graph confirms the intuition that the lower the correlation on credit spreads, the higher
the probability of default on at least one of the entities; thus, the higher the protection premium the

buyer must pay.
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Figure 6. The annual premiums of the first-to-default swap
with two entities. It is a tw o-year swap on 10-year zero coupon bonds.
The parameters for each entity are k,=0.01, ¢,=0.02, | ,=0.001, X , (0)=0.01
R=50%, r(t)=5%.
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CONCLUSIONS

In practice, one needs to generate a defaultable zero coupon bond curve from the market prices of
the outstanding coupon bonds (Jarrow, Lando, Turnbull, 1997, give some details for this
procedure). Although our discussion is focused on the zero coupon bonds, derivatives on coupon
bonds can be dealt with in the same fashion. One can also easily generalize our model to correlate

credit spreads with interest rates, and to make the recovery rate stochastic.

In this paper, we present a ssmple approach to model the term structure of credit spreads. From our
framework, the following three positions:

P1) Long the riskless bond B(t, T) and short the defaultable bond Bq(t, T);

P,) Long acredit spread put option on Bq(t, T);

Ps) Long a default swap on Bg(t, T);
are al barrier options (a default swap is a first-to-default swap with one reference entity). These
barrier options have a common barrier (17), although the payoffs are different. We believe the
market values of P;-type positions contain enough information to price the P,- and Ps-type
positions. After deriving the default implied volatility (DIV) curve for the credit spread based on

the market values of P;-type positions, the DIV is applied to price P, and P; positions consistently.

Although our model assumes the credit spread follows a continuous process, the DIV curve fully
captures the possibility of spread jJumps due to default or credit-rating changes. Through our
volatility-based paradigm, one can consistently hedge P,- or Ps-type positions by P;-type positions,

i.e. consistently hedge the credit derivatives by the underlying defaultable bonds. Our model simply
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treats the credit derivatives as some usual (i.e. riskless) exotic interest rate derivatives. The DIV is
directly comparable to the historical credit spread volatility. The first-to-default swap can be priced
by using the correlation matrix of the credit spreads of the reference entities. This correlation
matrix, which is based on credit spreads, can be measured by historical data. It is far different from
the correlation matrix of default arrival times, which is used in hazard rate based paradigms. The
correlation matrix of default arrival timesis very subjective, and can not be measured by historical

data.
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