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Pricing Foreign Currency Option under Restriction

DU Kun', WANG An-xing"?
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Abstract; The previous literature about option pricing usually assumes that the underlying asset follows some kind diffusion process

models. Black—Scholes (1973) assumes the underlying asset follows the Geometric Brownian motion. As underlying asset price may

be discontinued, Merton (1976) suggested a jump-diffusion process model be used to describe it. Heston (1993 ) observe that the

volatility of underlying asset price may change. Thus, he suggested that the underlying asset follows a stochastic volatility model. Given

the underlying asset price behavior model, Black-Scholes (1973), Merton (1976) and Heston (1993 ) propose their own option

Ot



Vol. 28, No. 1 £ B I £ ¥ W 2014 4 W1

pricing formulas.

However, regulating asset price is common in the real world. For example, the range for RMB exchange rate is controlled with
certain limit. In this situation the underlying asset price behavior models are not suitable for describing RMB exchange rate.

In this paper, we use a restricted jump—diffusion model to describe the dynamics of managed foreign exchange rate. At first we
use Merton’s (1976) model to describe exchange rate dynamics. If the daily change exceeds a given interval by exchange rate
regulations, we use boundary value as the exchange rate. Otherwise, Merton’s (1976) model is used. We propose three functions to
analyze the exchange rate process based on the restricted jump—diffusion model. The restricted jump—diffusion model can properly
describe the dynamics of managed exchange rate.

We derive the analytical price formula for European call option of foreign currency under our restricted jump-diffusion model using
Fourier inverse. Using call-put parity, put option price formula can be easily obtained. Our proposed formula is similar to Black-
Scholes-Merton’s.

We ran the Monte Carlo simulation and the result shows that our restricted jump-diffusion model is significantly different from
Merton’s (1976 ) jump-diffusion model. Numerical solutions of European call option for our restricted jump-diffusion model and
Merton’s (1976) jump-diffusion model are derived by using the same parameters. The relationship between price regulation and option
price is discussed with respect to the difference between our model and Merton’s.

Our methodology can be used to compute European option price for the underlying asset following restricted jump—diffusion
model, regardless whether the underlying asset is stock or future. In addition, the propesed model can be used to analyze pricing option
with stochastic interest rate and stochastic volatility.

Key words: foreign currency option; managed exchange rate; Fourier inversion
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(L% 80 )

In section 1, we investigate the size effect using the Shanghai Stock Exchange database for the period 1996-2009 and find that for
both adjusted and unadjusted risks, small firms are prone to earning greater returns than large firms in the following years: 1998,
2000, 2004, 2007, 2008 and 2009. However, some years, such as 1996 and 2003, also show the reverse size effect.

In section 2, different from the conventional research method this paper follows the direction created by Dimson and Marsh
(1999), Mills and Jordanov(2003) and so on, and adopts the Markov chain method to study the size effect from the predictability
aspect. It is found that large size portfolio is easier to reject the random walk hypothesis than the small size portfolio. A higher degree
of predictability appears for the large size portfolio.

In section 3, the fundamental reasons for the size effect and its reverse phenomenon appearing in China’s capital market are the
manipulation of institutional investors and the absence of short-sale mechanism, especially for transaction-based and information-based
manipulation. In addition, the absence of short-sale mechanism reinforces this phenomenon to a certain extent.

Key wordssize effect; predictability ;random walk hypothesis; Markov chains

R H ;XXM Charlie C. Chen

— 93 —



