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Abstract: Assuming that the interest is given, the principle of fair insurance premium-actuarial approach is used

to deal with pricing formula of option on foreign currency option under the assumption that foreign currency

option price process in a fractional Brownian motion with jumps and the pricing formulas of European foreign

currency option are obtained. It has certain reference significance to avoiding foreign exchange risk.
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INTRODUCTION

A currency option is a contract which gives the
owner the right but not the obligation to buy or sell the
indicated amount of foreign currency at a specitfied pricing
on affixed date. Since, the currency option can be used as
a tool for investment and hedging, it is one of the best
ways for corporations or mdividuals to hedge against
adverse movements in exchange rates and the theoretical
models for pricing currency options have been carried
out. The standard Furopean currency option valuation
model has been presented by Garman and Kohlhagen
(1983) (Black and Scholes, 1973). However, some studies
have provided evidence of the mispricing for currency
options by the Garman-Kohlhagen (Hereafter G-K) Model.
The most important reason why this model may not be
entirely satisfactory could be that currencies are different
from stocks in important respects and the geometric
Browmean motion cannot capture the behavior of currency
return. The empirical research on asset return indicates
that discontinuities or jumps are believed to be an
essential component of financial asset prices. And there
is strong evidence that the stock return has little or no
autocorrelation. Since, fracticnal Brownian motion has
two important properties called self-similarity and
long-range dependence, it has the ability to capture the
typical tail behavior of stock prices or indexes
(Aase, 1988; Peters, 1989). To capture the behaviors of
spot exchange rate, the combination of Poisson jumps and
fractional Brownian motion 18 introduced in this study.

PRICING MODEL FOR CURRENCY OPTION
IN A JUMP FRACTIONAL ENVIRONMENT

Definition: Consider a probability space (Q, F", Py) on
which all the random variables and processes are defined

(Hu and Oksendal, 2003). A fractional Brownian motion
{By () .. with Hurst parameter He(0, 1) is a centered
Gaussian process with mean zero and covariance:

Ey, [Ba (0B ()] = " + b <o s site v

Where the parameter H 1s the self-similarity mdex and
Fl'=0{B, (5), Ozszt} with F;" = F. To derive the currency
option pricing formula in a jump fractional market,
researchers make the following assumptions (Xiao ef al.,
2010):

¢+ There are no transaction costs or taxes and all
securities are perfectly divisible

»  Security trading is continuous

¢ The short-term domestic interest rate ry and foreign
mterest rate r; are known and constant though time

¢ There are no riskless arbitrage opportunities

The spot exchange rate follows a fractional Browman
motion with random jumps under the probability measure
P, Thus:

(IJ' - A‘Hj(t) )dt +

0<t<T
odB, (t)+ (e -1)dN

’ (1)

t

Let B and B/ denote the domestic and foreign price
of risk free bond, respectively. Then, B and B/ satisfy
Eq. 2 and 3:

dB? = Biridt, B! = 1B} = ¢~ 2)
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where, 3(t) denotes the spot exchange rate at time t of one
unit of the foreign currency measured in the domestic
currency; the drift u(t) and volatility o are assumed to be
constants; By (t) is a fractional Brownian motion; N, is a
Poisson process with rate A; €'™-1 is jump size at t which
is a sequence of independent identically distributed and
J)~N(-0,%2, o). In addition, all three sources of
randomness, the fractional Brownian motion {By (t): t>0},
the Poisson process {N, t=0% and the jump size ¢'®-1 are
assumed to be independent.

From the fractional Gisanov formula, taking variable
transformation for Eq. 1:

_ H- Ay +rf'rat

G

B, (t) )

+ By (1)

Substituting Eq. 4 into Eq. 1, then Eq. 1 can be
transformed into the following standard form:

(-5 )dt +
0=<t=<T

E

odB, (1)+(e" -1)aN (5)

t

It is clear that B,(t) is a new fractional Brownian
motion with random jumps under the probability
measure P

Lemma: Using Ito formula, the solution for stochastic
differential Eq. 5 1s (Li et al., 2005):
} ©

Nt
(11 )t ot 0B (1) + (1)

1=1

-

v the mean

B0 8| e -wn- Lo <o )+ S
Sexp{(rd -rf)t-%Gztm}E[m{ng(t)}}

E{exp{%](ti )H
1

1

= Sexp{(rd -1 )t -EGZtZH}exp{E
1,

= Sexp{(rd -1, ) JrEncrJ }t}

1
GthH}exp {Encft

(7)

} C(k,T)= E((exp
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ACTUARIAL APPROACH TO
PRICING CURRENCY OPTIONS

Bladt and Rydberg (1998) proposed the actuarial
approach to option pricing which transform option pricing
1nto a problem of equivalent of the fair msurance premium.
This 18 no economic assumptions m the actuanal
approach; so, it is valid not only to the arbitrage-free,
equilibrium and complete market but also to the arbitrage,
non-equilibrium and mcomplete market.

Definition 1: The expectation return rate B(t) of S(t) on
te[0, T] is defined to ITﬁ(s)dt as follows (Bladt and
Rydberg, 1998): ’

= eXp(J.ntB(s)ds)

Definition 2: Let C (k,T) denotes the European call option
and P(lg, T) denotes the European putt option whose spot
exchange rate is S(t), the strike price is k and the expiration
date 1s T. Then, the value of European option 13 defined
by actuarial approach as follows:

Ck,T) = E((exp(—jDTB(t)dt)S(T) B! -kBg)IAj

P(kT)= E[(kBS —exp(-LTB(t)dt)S(T)BE)IBJ

The necessary and sufficient condition to execute of
European call option and the put option on the expiration
date 1s, respectively; Condition A:

exp(-jUTB(t)dt)s(T)Bg > kB!
Condition B:
KB > exp(-jUTB(t)dt)s(T)Bg

Theorem: Suppose the spot exchange rate (S(t):t=0)
satisfy BEq. 1, B and Bf satisfy Eq. 2 and 3 then,
respectively the value of the European call and put option
at the time O is:

_LTB(t)dt)s(T)Bg-kBg)lAj
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Proof: Using Ito formula, the solution for stochastic I{usﬂ(mij(r,)—’wm}
differential Eq. 5 1s: -
(1)
_ | A < 1 @ ! =P
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The eXp(—jUTﬁ(t)dt)S(T)Bg >kpt takes equivalent forms:

T

(r,-:)T Ly
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NTGJ
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Sexp e x B! > kB
oBy (T)+2J(t)
i=1
Then, researchers have:
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(k1) SBUz{( )exp{zJ()

And:

C,(kT)=E

d
{kBDI{E"“['LT BE)Jo(T)2% >kBg}

kBgP{cﬂéH(Tﬁ

Where:

And the ¢() is the cumulative normal distribution
function. From Eq. 9, researchers have:

Clk,T)= E[(exp(—jnTB(t)dt)S(T)Bg -kBg)IA]
— ¢ (kT)-C, (k. T)

sgnz{( )exp[ZJ() “‘jTﬂq)(bn)

¢y,

(b.)
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In the same way, researchers obtain Eq. 9. This

completes the proof.
CONCLUSION

In the actuanal approach, there is no economic
assumption of the financial market which means
the result is valid to all types of market. This method is
simpler than the classical B-S Model, for it is not
necessary to seek an equivalent martingale measure.
On the basis of the general actuarial approach, this
study assumes that the spot exchange rate is driven by
Poisson jumps and fractional Brownian motion. Tt has
certain reference significance to avoidng foreign

exchange risk.
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