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Vulnerable European option pricing in a regime-switching and Hawkes jump
diffusion model

DU Huiyuan, FAN Xiaoming *
(School of Mathematics, Southwest Jiaotong University, Chengdu 611756, Sichuan, China)

Abstract. Option pricing with counterparty default risk under stochastic volatility and stochastic interest rate models is studied. In
this model, the mean reversion levels of volatility and interest rate process are controlled by a continuous Markov process in a finite
state space, and it is assumed that both the underlying asset price process and the counterparty asset price process contain jumps, and
their jumps obey the Hawkes process with self-stimulation, and it is assumed that the volatility process also contains jumps. The ana-
lytical pricing formula of European vulnerable option is derived by means of measure transform, solution of discount characteristic
function and multivariate Fourier transform. Then the fast Fourier transform method is used to calculate the effective approximation
of the option analytic pricing formula, and the accuracy of the approximation is verified by Monte Carlo simulation. Finally, the sen-
sitivity of different parameters in the proposed model to the price of vulnerable call options is analyzed, and the difference between
the proposed model and the stochastic interest rate model without Markov regime-switching( MRS) is compared by numerical experi-
ments, and the impact of the introduction of regime-switching in the model on the option pricing results is illustrated.
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Table 2 Comparison of Monte Carlo and FFT solution results

K FFT Monte Carlo RE/% K FFT Monte Carlo RE/%
8.0 3.164 6 3.1599 -0.147 5 10.2 2.3590 2.349 8 -0.390 3
8.2 3.072 1 3.076 3 0.1359 10.4 2.303 8 2.308 3 0.1955
8.4 2.984 4 3.001 2 0.564 3 10.6 2.250 8 2.253 1 0.102 7
8.6 2.901 0 2.906 8 0.199 5 10.8 2.199 9 2.189 3 -0.485 2
8.8 2.8217 2.814 17 -0.249 5 11.0 2.151 1 2.154 0 0.136 8
9.0 2.746 1 2.761 6 0.564 3 11.2 2.104 1 2.109 9 0.278 5
9.2 2.674 1 2.683 0 0.332 4 11.4 2.0859 2.045 1 -0.668 3
9.4 2.605 3 2.6252 0.763 9 11.6 2.0153 2.010 1 -0.260 3
9.6 2.539 6 2.5337 -0.2319 11.8 1.973 4 1.976 7 0.167 4
9.8 2.476 8 2.501 9 1.016 5 12.0 1.933 0 1.936 1 0.159 3
10.0 2.416 6 2.423 9 0.302 7
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