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In this paper, we combine the reduced-form model with the structural model to discuss the European vulnerable option pricing. We
define that the default occurs when the default process jumps or the corporate goes bankrupt. Assuming that the underlying asset
follows the jump-diffusion process and the default follows the Vasicek model, we can have the expression of European vulnerable
option. Then we use the measure transformation and martingale method to derive the explicit solution of it.

1. Instruction

Vulnerable option is a kind of option with credit risk. The
pricing of credit risk has been concerned by scholars for a
long time. Merton (1974) [1] firstly introduced option pricing
into zero coupon bond with credit risk. He assumed that the
capital structure of corporate consisted of two parts which are
assets and liabilities; the default occurred when the corporate
was insolvent at maturity. This is the basic of structural
model. Black and Cox (1976) [2] researched the corporate
bond pricing with subordinated debt capital structure. They
improved the definition of default and took the interest and
dividend into consideration to obtain the corporate bond
pricing. Johnson and Stulz (1987) [3] discussed the option
pricing with credit risk based on the structural model and put
forward the conception of vulnerable option firstly. Longstaft
and Schwartz (1995) [4] assumed that the default boundary
was a constant and the recovery rate was an exogenous
ratio. Then they derived the zero coupon bond pricing.
Hull and White (1995) [5] assumed that the underlying
asset and the counterparty asset were independent of each
other and derived the vulnerable option pricing. Jarrow
and Turnbull (2000) [6] presented the reduced-form model.
They considered that the occurrence of default was a kind
of jumps and they used the Poisson process with constant
intensity to describe the density of default. Rich (1996) [7]

presented that the default could occur before maturity and
the equity was exercised immediately if default occurred.
Klein (1996) [8] supposed that the underlying assets and
credit risk were correlated and deduced the option pricing
with martingale method. Madan and Unal (1998) [9] put
forward a model with stochastic default intensity. According
to Lando (1998) [10], the default-free bond pricing method
was used for default bond pricing by adjusting the short-
term interest rate. Assuming that the default occurs at any
time with specific probability, Duffie and Singleton (1999)
[11] deduced the default bond pricing at initial time. Klein
and Inglis (2001) [12] took the stochastic default boundary
which depends on options and counterparty debts into
consideration to discuss option pricing. Ammann (2002)
[13] deduced the explicit solution of vulnerable option by
using structural method on the assumptions of stochastic
interest and boundary. The unexpected risks were intro-
duced into default by Zhou (2001) [14]; he assumed that
the corporate assets were composed of continuous process
and jump process and presented the corporate assets value
model based on the jump-diffusion process firstly. Hui et al.
(2003) [15] discussed the pricing model with dynamic default
boundary and derived the explicit solution of the vulnerable
option by using the method of partial differential equation.
Lakner and Liang (2008) [16] studied the credit default bonds
pricing based on the structure model and the reduced-form



model by using martingale method. Wang and Wang (2010)
[17] assumed that the underlying asset followed the jump-
diffusion process and derived the expression of the Euro-
pean vulnerable option pricing under the Markov regime
switching model. Tchuindjo (2011) [18] studied the pricing
of bond and bond option under the condition of stochastic
default intensity and obtained the explicit solution. Su and
Wang (2012) [19] assumed that the default intensity followed
the stochastic model with jumps; then the vulnerable option
pricing was given based on the reduced-form model by the
martingale method. Wang et al. (2015) [20] deduced the
explicit solution of the European vulnerable option which
was derived by the fractional Brownian motion with jumps.
Yoon and Kim (2015) [21] used double Mellin transforms
to study European vulnerable options under constant as
well as stochastic interest rates and obtained an analytic
closed-form pricing formula in each interest rate case. Fard
(2015) [22] obtained a closed-form price for the vulnerable
option by using the Esscher transform under a completely
random generalized jump-diffusion model. Wang (2016) [23]
presented a pricing model which allows for the correlation
between the intensity of default and the variance of the
underlying asset and derived a closed-form solution for the
vulnerable option. Lee et al. (2016) [24] studied the pricing
of European-type vulnerable options when the underlying
asset follows the Heston dynamics and obtained a closed-
form analytic formula of the option price as a stochastic
volatility extension of the classical Heston formula. Jeon et al.
(2017) [25] studied the pricing of vulnerable path-dependent
options using double Mellin transforms and obtained an
explicit form pricing formula or semianalytic formula in each
path-dependent option.

2. The European Vulnerable Option
Pricing Model

Suppose that the uncertainty in the economy is described by
the probability space (Q, F, Q, (F,)o<i<r) Where Q is a risk
neutral martingale measure in which the discounted assets
price is a martingale. The underlying assets and corporate
assets are given by

ds, = (r—OX) S,dt + ,S,dW, () +S,d] (1), (1)

dV, = rV,dt + o,V,dW, (1), (2)

where 0, 0,, and r are constants and W, (t) and W,(¢) are
Brownian motions in the probability space. J(¢) = Zi’l Y, is
a composite Poisson process and Y; (set Y, = 0) is the jump
range of it. Y; is a sequence of independent identically dis-
tributed random variables with the finite expected value and
E[Y;] = 0.Y;, W,(t), W,(t), W;(t), and N, are independent of
each other where N, is a Poisson process with parameter A
Suppose that Y; + 1 follows log-normal distribution, then we
have In(Y; + 1) ~ N(y,,cr?).
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Suppose that default intensity A(t) is #,-measurable in
the space and it follows the Vasicek model in the risk neutral
measure

AL () = a[B— A (1)) dt + o5dW, (£), 3)

where «, f3, and o, are all constants. The covariance matrix of
Wi (1), W,(t), and W5(¢) is

L pi pis
P2 1 py |t (4)
P13z Pz 1

We will combine the reduced-form model with the
structural model to discuss the European vulnerable option
pricing. We define that the default occurs when the default
process jumps or the corporate goes bankrupt. Suppose that
the underlying asset follows the jump-diffusion process and
the corporate asset follows the Brownian motion. Then we
can have the European vulnerable option pricing at initial
time in the risk neutral measure. We assume that the maturity
is T, the strike price is K, the default time is 7, the proportion
of bankruptcy costs in writer’s assets is w, and the default
boundary is a constant D; then the European vulnerable
option pricing is

T
C0,T)=E [e— J, radu (ST _ K)+

1-w
. ( D VT (1 - I{T>T,VT>D}) + I{T>T’VT>D}> | ‘0;0]

- E [e— Io r(u)dul_TwVT (ST _ K)+ | 90] )

+

- Jy red *
E [e o THOEH (ST - K) I{T>T,VT>D} | %0]
CE[e ol Z Wy o gyt | 7
D T®r {r>1vp>Dy | o | -
Since #, is a filter space and T' > 0, we have &, € F.

Suppose that there is no default at initial time. According to
the law of iterated expectations and Fubini theorem we have

E[lony | Fo] = E[E [Ifpopy | o) | F 1]
(6)
F

Fo).-

Since the path of {A(¢) : 0 <t < T} is known at time T, then

=E[E([Ipy | F1] |

= exp <— JOT/\(u) du). 7

So we have

_(r 1-
CO.T)=E [e e Ly, (5, - K)" | 970]

T
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T 1-
_E [e_ Jo [ra)+A@w))du wVT (S - K)+

“ly,.spy) | 90] .

3. The Explicit Solution of European
Vulnerable Option Pricing

Suppose that the assets price follows the jump-diffusion
process, then the measure transformation of the continuous
diffusion process can be derived by Girsanov’s theorem and
the measure transformation of the jump-diffusion process is
given in Theorem 1.

Theorem 1. In the probability space (Q, F,Q), if one has
Radon-Nikodym derivative Z(t)

Ny B
ZW) | F, = pZizo In(¥it1) QM’ )

where {N(t), t > 0} is a Poisson process with intensity A and
Y; is a sequence of independent identically distributed random
variables that the mean is 0 and In(Y; + 1) ~ N(y],alz), then
N(t) can be transformed into measure Q by Z(t) where the
intensity A= (1+6)A

Proof. According to the definition of moment generating
function, we have
E [euZZ%ln(Y,-H) | gt] - E [euZZ‘Oln(YiH)Z(t) | gt]

-E e(u+1)z”f In(Y;+1)-6At | 97t}

exp 1t (g, 1) -0

(10)

{
exp {AE [e“FVNTHD] —Ar - oAt}
{

exp /\tE[ D@t l) _ g 4 6)]}

e(u+1)1n(Y,-+1)

1=(1+6)7,

_ poyo,T

\oiT + o2T

_ e—tx(T—u))

>

M (u, T,x) = l(1
o

3
Since
E[" D] =1+, (11)
we have
E [euzi:i)ln(Y,-+1) | gt]
(12)
= exp {At (1+0) E[e""D 1]}
Let g = In(Y; + 1); then
- Nt
E [eHZizoln(YiH) | gt]
(13)

= exp {Xt [Jjoe“gf(g)dg— 1”»

So in condition &/, the intensity of N(t) is A=1+0) O

Theorem 2. The European vulnerable option pricing at initial
time in the risk neutral measure is

OO(ET> ar[l-w
C(O,T):n;) e B

-8V TP TN (d) (n)) + €T A(0,T) X (0,T)

N (ds (n),d, (), p) —e T—LA(0,T)

-Z(0,T)N (d, (), ds (n) ,p)] (14)
|- (XT)n AT

e [1;)wKVON(d2(n))
n=0 :

+e"TKA(0,T)N (ds (n),dg (n), p) - e"Tl'Tw

-KA (O’T)Y(O’T)N(d9 (n)>d10 (”)’P) ’

where

T
A(0,T) —exp{ —BT - [A (O)—ﬁ]M(O,T,oc)+%a32J Mz(u,T,oc)du},
0

T
X (0,T) =S, exp {rT — P130,03 J M u,T,«) du} ,
0
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T
Y (0,T) = V,exp {rT — 30,03 J Mu,T,«) du} ,
0

T
Z(0,T) =8,V exp {ZrT = (p1307 + Pr30,) 03 J M (u, T, o) du + plzoloz} ,
0

In (So/K) + T + (1/2) 62T + pyy0,0,T — OAT + nys;

dy (n) =
\oiT + no}
i o) In (Sy/K) + T = (1/2) 01T + p,0,0,T — OAT + ny;
2 ) = >
\oiT + noj
a4 In (Sy/K) + 1T + (1/2) 0°T — py30,03 _[OTM(u,T,oc)du—G):LT+ny,
3\n) = >
oiT + no}
do () In (Vy/D) + 1T = (1/2) 02T + p120,0,T — py30,03 IOTM(u, T, o) du
4\n) = >
03T
4 () In (Sy/K) + 1T = (1/2) 0T = py30,03 JOTM(u,T,oc)du—OXT+n,u]
s\ = >
\oiT +no}
In (Vy/D) + 1T — (1/2) 02T — py30,03 IOTM (u, T, o) du
de (n) = \/TT ,
%
i In (Sy/K) + 7T + (1/2) 0T = py30,03 JOTM(u,T,oc) du+p120102T—6iT+ny]
7 )= >
\oiT + no;
T
In(V,/D) + T + (1/2) 62T + py,0,0,T — p)s0,0 M (u, T,«x)du
dy (n) = (Vo/D) ( 2 P12010; P2323I0 ) =d4(n)+\/0§\T,
\o3T
i In (Sy/K) + 1T = (1/2) 0°T — py30,03 _[OTM(u,T,cx) du + p1,0,0,T — OAT + ny;
9 () = >
\oiT + noj
T
In(Vy/D) + rT + (1/2) 02T — pys0,05 [ M (u, T, &) du
dyg (n) = (Vo/D) 2 P2323IO :d6(n)+\/0§\T

(15)

Proof. For convenience, we define C(0,T) = I+II-III,where  Then

_ —+T 1-w + _ [e) <iT> =
I=E [6 D VT (ST - K) | 9:0] s 7= 1 DwSOVOerT+plzolasz ' e—/\TN (dl (1’1))
n.
T [ Mw)d =0
I=E [e Tl A (g KY Ty | 970], ) e e ()
111 D KVo), n! e N (d; (m),
n=0 °

T Awdu 1 —W +
=E [e 1=y 2 uTVT (Sr-K) Iiv.>py) | 970] . H=e"TA (0,T) X (0,T)
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_ i(AT> T

n!

N (ds (n),dy (n), P)

n=0

—e"TKA(0,T)

(ar)’

¢ N (ds (), dg (1), p),

Ll
’TT“’A (0,T) Z (0,T)

§<n,> N (d, () dy (), p) — e T

n=0

KA (0,T)Y (0,T)

5 (XT!)"

- eMN (dg (n),dyo (1), p).

n=0

(17)
The derivation of I, II, and III is separately shown in
Proof I, Proof II, and Proof III.

Proof I. We define I = E[e”"" ((1-w)/D)Vy(S;—K)* | F,l =
I, — I, where

Ll
I = E[ ' STVTI{ST>K} | 90]
(18)
e
We deduce I, firstly. We introduce a new measure
dqQ” V.
Q g _Vr__
dQ E[Vr | F]
(19)
T 1 (T
= exp {J 0,dW, (u) — = J aﬁdu} .
0 2 Jo
According to (2)
1, T
Vi =Vyexp{rT — EO'ZT ), 0,dW, (u) t (20)
then
1- T 1
L=-—2KV,E [exp “ o, dW, (1) - —ajT}
D 0 2
(21)

1-w
'I{sT>1<} | 90] = _D KVOEV [I{ST>K} | 90]_

5
Using (19) and Girsanov’s theorem, we have
W1V (T) =W (T) = p1,0,T,
§ (22)
Wy (T) = W, (T) -
According to (1)
1,
Sy =S8, exp {rT - EGIT
(23)
T _ Nr
+ J 0, dW; (1) = OAT + ) In (Y, + 1)} .
0 i=0
So in the measure Qv, we have
1, T v
Sr=S8yexpyrT — EO'IT + J o, dW; (1)
0
(24)
+ pp0,0,T — OAT + Zln (Y; + 1)]» .
i=0
Since
T
J o dWy (u) ~ N (0,07T) (25)
0
and when Ny = n,
Nt
Y In(Y; +1) ~ N (nu;,no7 ) , (26)
i=0

then we have

X

()’

. eMN(d, (),  (27)

M2

EY s,k | o] =
n=0

where
d, (n)
In (Sy/K) + 1T = (1/2) 0iT + p1,0,0,T — OAT + ny;  (28)

2 2
\oi T + noj

Then we will deduce I;. We introduce a new measure

SV T
d& | Fo = _ SiVr = exp J 0, dW, (u)
dQ E[S;Vr | F,l 0
T
+ L 0,dW, (1) - (01 +05+ 2p12010'2) T (29)
—_— NT
—OAT + ) In(Y; + 1)} .
i=0

According to Girsanov’s theorem and Theorem 1

WV (T) =W, (T) - 0,T - p,,0,T. (30)



. v
So in measure QS

1 T
Sy =S, exp {rT + EofT + J aldWISV (u)
0

(31)
= Nr
+ pp0,0,T — OAT + Zln (Y; + 1)]» .
i=0
Since
E[SpVy | Fol = SyVe? THeae T (32)
we have
I = 1- W v THPu010,T SV [I | F ] (33)
1= 7 2o 0€ {Sp>K} o]
When N =n

o (iT)n :
EY (Lo | Fo] = ), N (dy ), G4

|
n=0 n.

where

d1 (n)

~In(Sy/K) + 7T +(1/2) 0T + p1,0,0,T — OAT + nyy  (35)

2 2
\oiT + noj

T
Proof 1I. We define IT = E[e’TT’Io A(“)d”(ST - K)*I{VT>D} |
F,] = I; — 1, where

—T-[" Awd
I3 — E [e T J-() (u) uSTI{ST>K,VT>D} | tc]() >
) (36)
—rT—[" Mu)d
- [e 7 Io (1) uKI{sT>K,VT>D} | 90] .

We deduce I, firstly. We define an equivalent martingale
measure Q" according to Radon-Nikodym derivative as
follows:

@ 7 e Jo Aadu
dQ 0 B T)L d : (37)
El|e lo Awdu | g

According to (3)

T
—I A du = —BT - [ (0)— B] M (0, T, )
’ (38)
T
-0, J M u,T,a) dW; (u).
0
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T Mud
Let A(0,T) = E[e” fy Aedu | F,l; using Ité lemma we
have

A(0,T) = exp {—ﬁT -[A)-B]M(0,T,«)

(39)
1, (7 5
+ -0, J M (u, T, x) du} .
2 0
So
4Q* o Jo Mawu
A | go = T
dQ B [e’ [y Awdu | 970]
T (40)
= exp {—03 J M (u, T, a) dW; (u)
0

1, (" >
-—oy | M"(u,T,a)dup.
2 0

Using Girsanov’s theorem,
T

W (T) = W, (T) + p1305 J M (u, T, &) du,
0

T
W, (T) = W, (T) + py305 L M (u, T,a)du,  (41)

T
Wi (T) = W5 (T) + 05 J M (u, T, &) du.
0

Then the solutions of S, and V- in measure Q" are
1,
Sr =S8, exp {rT - EUIT

T _ Nr
+J 0, dW; (u) = OAT + ) In (Y, + 1)} =S,
0

i=0
1, T A (42)
-exp 47T — EO'IT + | 0 dW] ()
0

T —_—
— 130103 J M (u, T, &) du — OAT

0

+§ln(Yi+l)},

i=0

1 T
Vi =V, exp {rT - 5ajT + J 0,dW, (u)} =V,
0

1 T
- exp {rT - EagT + J a,dW;' (1) (43)
0

T

— 30,03 J MW, T,a) du]» .

0
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Since when Ny = n, substituting S and V; into Ijs .k v, 5p}> We
have
T
T )
I,=E [e T, MM)duKI{ST>K,VT>D} I go] E [I{ST>K,VT>D} | 97()]
ar) (45)
_ — (" Awd OO (/\T) -AT
—e rTKE [6 J’o (u) uI{ST>K,VT>D} | go] (44) = Z ” e "' N (dS (n) ’d6 (n), P) R

n=0

- A
= ¢ "KA(O,T) E" [Iis ok vy | Fol» where

In(Sy/K) + 1T = (1/2) 01T — py30,05 _[OTM (u, T, &) du — OAT + ny;

ds (n) =
\oiT +no}
. (46)
In (Vy/D) + 1T — (1/2) 02T — py30,0;3 fo M (u, T, o) du
dg (n) = .
\oiT
Then we will deduce I;. We define a new measure So in measure, we have
Sr=S,exp 41T + l02T+ JTG AW? (u)
408 s, T = 90 €XP 7% NRdhats!
1 Fo= (47)
dQ EM[Sp | Fol T =
— P130,05 J M (u,T,a) du — OAT
0
Nr
Let X(0,T) = E*[S; | %,]; according to (42) + z In(Y; + 1)]» , (51)
i=0
1, ’ S
Vi =Vyexp 7T - EO'ZT + J 0,dW,, (u) + py,0,0,T
T 0
X (0,T) =S, exp {rT — P130,05 L M (u, T, ) du} . (48) .
— 30,03 J M (u, T, ) du} .
0
Then Since
T
13 = E [e_rT_IO A(u)dusTI{ST>K,VT>D} | go]
dQ’ 1, JT A T
— | Fy=expi-=0;T+ | 0,dW (u)-6AT - ~ " Mwdu
Q" | %o xp‘[ 71 , Q1 (1) _ T [e I} Awyd STI{ST>K,VT>D}|970:|
N —T 2
* ZTIH (v; + 1)}- =AW B [St]is ok vion) | o]
i=0

= TAOT)X (0,1 E* I ok vopy | Fol»

i ) , when N =n,
According to Girsanov’s theorem and Theorem 1

ES [I{ST>K,VT>D} | '970]

<iT>n ) (53)
S LN (dy (n),d, (), p),

W (T) = WM(T) - o,T, oo
o 0 -3
W, (T) = Wy (T) - py,0,T. . nl
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where
| In (Sy/K) + 7T + (1/2) 07T — p130,03 jOTM (u, T, o) du — OAT + nu;
3\n) = ]
\oiT + no}
(54)
T
4o In (Vy/D) + 1T = (1/2) 05T + p1,01,0,T — py30,05 IO M (u, T, a) du
4 (n) = .
\oiT
—T= [T Muw)du T -
Proof I1I. We define ITT = E[e™""~lo 2944 ((1 — )/ D)V(S; - 130,05 J M (T, @) du + ppy0,0,T — OAT
K)+I{VT>D} | (970] = 15 - IG’ where 0
Nr
T Awydu L —W .
I,=E [e Jo M) 5 STVTI{ST>K,VT>D} | g;o] i + izzoln (Yl + 1)} s
(55)
_ —rT— OT/\(u)du l-w 1 T
I=E [e ) TKVTI{ST>K)VT>D} | Fo]- Vi =Vyexp {rT + EafT + JO odeZV (u)
We deduce I firstly. We introduce a new measure T
— 230,03 J M (u, T, ) du} .
0
dqQ” v,
QAlgoz A To~ : (56) (60)
dQ EMVp | F]

Since
LetY(0,T) = EA[VT | #F,]; according to (43) T a1 — W
16 =E [e r o A uTKVTI{ST>K,VT>D} I go]

T
Y (0,T) =V, exp {rT = P230,03 J M (u,T, ) du} . (57) P T
0 =e TTTKE [e s MOy L skvpopy | 9?0]

So r1-w N (6D
—r
=e TKA (0,T)E [VTI{ST>K’VT>D} | 9}0]

dqQ¥

1, T A
=7 :exp{——a T+J 0,dW. (u)}. (58) _
dQ)‘ 0 572 0 2 2 e‘rTlTwKA(O,T)Y(O,T)

According to Girsanov’s theorem, v
E [I{ST>K,VT>D} | go] >

v A

Wy (T) =Wy (T) - p1,0,T, (59) when N, = n, we have
G

W2 (T) B W2 (T) O—ZT' EV [I{ST>K,VT>D} | e%/O:I

g0y @

So, in measure Q¥ we have .
N (dy (), dyg (), p),
n=0

e
n!

1 T
Sp=Spexp 1T - —afT + J aldWIV ()
2 0 where

In (Sy/K) + 1T = (1/2) 07T — py30,03 IOT M (u, T, &) du + p,0,0,T — OAT + ny;

dy (n) =
’ \oiT + noj
. (63)
In(Vy/D) + T + (1/2) 02T — pr30,05 | M (u, T, &) du
dyy (n) = (0 ) (1/2) o3 stzsjo ( ) =d6(n)+\/(r§\T.
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Then we will deduce I;. We introduce the measure as  So in measure Q%"

follows:
1, T %
Sy =8yexp 1T + 0T + J 0, dWy" (u)
dQSV STVT 2 0
i S == & 64
aQ* |70 = 5 [SeVi | Fo) (64) T =
— P130103 J M (u,T,«)du + p;,0,0,T — OAT
0
Let Z(0,T) = E* [S:Vr | F,l; according to (42) and (43) Nr
+) In(Y;+1)¢, (68)
i=0
Z(0,T) =S,V 2rT 1 T
©.1) =5 OGXP{ ' Vp =V, exp {rT + 50T+ L 0, dW3Y ()
T
—(p1307 + pra0y) 05 | M, T, ) du (65) T
(P13 + pr32) 03 Jo — P,30,03 J M (u, T, o) du + pualazT} .
0
+ plzalaz} . Since
—rT-[ Auydu 1 — W o
So Is=Ele P TSTVTI{ST>K,VT>D} | Fo
rl-—w ("
—e rT_E [e Io A(u)duSTVTI{ST>K,VT>D} | ‘0;0]
dqQ®” 1 ( 2 2 ) b
—I,?O:exp{——a+a + p1p0,0,) T 1-
1 1 T 0y T 012010, _ w 2
dQ 2 —e rTTA(O, T)E* [StVilis sxwony | Fo] (09
T T _
+ L o dW; (u) + L 0,dW,' (u) - OAT (66) - e‘rTl_TwA(O, T)Z(0,T)
%
+ % In(Y; +1) N [I{SPK’VPD} | 970] ,
= ' when N = n, we have

ESV [I{ST>K,VT>D} | go]

— Zn—e_ATN (d7 (n),dg (n), P) >

According to Girsanov’s theorem and Theorem 1

w2V (T) = WH(T) - 0,T - pp0,T,
(67)

WZSV (T) = WZA (T) = 05T = py04T. where

In (Sy/K) + 1T + (1/2) 02T — py30,03 fOTM (u, T, &) du + py,0,0,T — ONT + nu;

d7 (n) =
\Jo?T + na%
(71)

T
In(V (0) /D) + rT + (1/2) 62T + p,,0,0,T — p,50,05 | M (u, T, &) du
B 2Lt P1201021 = Pr30, 310 —d, () + ’o%T.

ds (n) =
\oiT

O r(0) = 0.05;
. . 0=1;
4. Numerical Experiments
A= 0.1;

In this section, we mainly discuss the influence of different
parameters on option value. The parameters are as follows:

a=0.2
B =0.05; K = 100;

=02
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D = 60;
T=1
o, = 0.5;
o, =0.5;
03 =0.5;
oy = 0.5;
Yy = 0.2;
P12 = 0.5
P23 = 0.5
piz = 0.5
w =0.8.

(72)

Figure 1 shows the influences of underlying assets and
corporate assets on option value. We can see that the option
value increases gradually with the increase of underlying
assets and corporate assets, but the corporate assets have
a higher influence on option value than that of underlying
assets.

From Figure 2 we can see that the jump process has an
obvious influence on option pricing which can make the
option value more accurate. Because of the expansion of
default, the default probability becomes higher. So the option
value is lower than that in Black-Scholes model and this is
coincident with the reality.

Figure 3 shows the changes of option value with different
jump intensity. With the increase of jump intensity, the option
value will decrease because of the rising default risk. We can
choose the most suitable jump intensity according to the
historical data to make the option value more accurate in
reality.

From Figures 4 and 5 we can see that the option value
decreases obviously when the default intensity and the default
boundary are less than certain critical value while the it
changes slowly when the default intensity and the default
boundary exceed the critical value. In real application, the
default intensity and the default boundary can be set accord-
ing to the corporate reputation, so that the option pricing will
be more reasonable.

Figure 6 shows that the option value and the proportion
of bankruptcy costs are negatively correlated. The higher the
bankruptcy costs, the lower the option value.

5. Conclusion

The traditional definition of default probability is divided into
two forms: the reduced-form model says that the corporate
will default as long as the jump occurs and the default
probability is determined by the default intensity while the
structural model says that the default occurs when the
corporate assets are less than the default boundary and
the default probability is determined by the relationship
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between corporate assets and default boundary. In this paper,
we combine reduced-form model with structural model to
discuss the European vulnerable option pricing. We define
that the default occurs when the default process jumps or
the corporate goes bankrupt. Supposing that the underlying
asset follows the jump-diffusion process and the default
follows the Vasicek model, we deduce the expression of
vulnerable option. Then we use the measure transformation
and martingale method to derive the explicit solution of it.
The results show that the model we put forward is more in
line with the real financial market.
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