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Vulnerable option pricing under the Hawkes jump-diffusion model
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Abstract: This paper investigates the issue of option pricing with counterparty risk under stochastic interest
rate. Assume that the value of the underlying asset with stochastic volatility and the value of the counterparty
asset are randomly correlated, and assume that their jumps are driven by the self-exciting Hawkes processes.
The semi-analytical expression for the vulnerable European option price under the proposed model is obtained.
In the numerical analysis, the option price is calculated by the fast Fourier transform method, and find the option
price under the constructed model is higher than the Poisson jump model, the constant correlation model and
the constant interest rate model. Moreover, option price decreases with the default boundary and the bankruptcy

cost ratio; option price increases with the underlying initial price and the counterparty asset initial value.
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Fig. 1 The comparison between the vulnerable option prices from the proposed model, Poisson jump model,

constant correlation model and constant interest rate model

M1 AT L Y, B R R BE AT A i I R 8G N T 3288 32 6k, 170 H. Hawkes B 7Y (0 IR 4% =1
T Poisson B R, BEATUA AR ) SUTAL A 4% vt 3 ] 2 AR DA Y, B ATLA) 23 58 FX) SUTASL A6 vt 3 [ 1 %
XA DR AL 0 S AR L MU R R A SE AL R AR R 2 S BRI B3 N M AN e 1.

B2 JEoR 1 B S S T 2130 5 D* 5™ BRAS LB w - FRETBE = WIAa 1A% S(0) RIS 5 %) -5 7 43R
WMV (0) Z 8] IR 70 M. AT e m] SR, SISO (L B 3 20320 58 AR 16 o st ek, 3% 2 DR DA it o i 403 57
(RIS TN, 52 55 X T 20 AR 288 K5 B A% B AR ™ FAR A5 A8 KT B IR, X2 IR 4 1 2 S R A
BB FAS EEAGRE 2 S M0 [T, 807 A LR BRSO, [ /I, T8 0 36 F IS R A N R 30 2R U5 99
RS BB ) 527 146 4 (0 38 KT 19 K, K2 DR AR (1 B P A0 e i A RO, s B8 5877 4 30391 H R AT



FHSH 5 B4 Hawkes by HUB ST (10 ifE 55 AR E M 611

A% BR AT RE AR AR K SR AN M i 52 2 X % B 7 AT 63 7 B PRI 38 KT 38 K, 35 B 58 5 0 B8 7 AT A6 A L
R, FB A E AL 2 FOB I 2030 SR O, M 2 5t/

35 ‘ ; ‘ ; 2.0
19+
3.0}
1.8+
1.7+
% 25] 1 3E
& 16
=8 B
=2 (1 %5\
= 2. 1.5¢
14+
15}
13+
1.0 ‘ : : ‘ 12 : : : ‘
8.5 9.0 9.5 10.0 10.5 11.0 11.5 02 03 04 05 06 07 08 09
D* w

w
in
b
=}

3.5
3.0
3.0F
2.5
25
N 8
EHol & |
52'0 ?éz.o
= =
=R E= 15
1.5+
1.0 |
1.0
0.5
8.5 9.0 9.5 10.0 10.5 11.0 11.5 8.5 9.0 9.5 10.0 10.5 11.0 11.5
S(0) 1(0)

B2 HRNESESER R RALL S AR B MIR MR RZ 2N F RSB N EZ EE R

Fig. 2 The relations between the option prices and default boundary, bankruptcy cost ratio, the underlying price and the counterparty’s asset value
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