
Chapter 1
Introduction

As pointed out in Cohen, Hawawini, Maier, Schwartz and Whitcomb

(1980), one of the empirical phenomena of stock price behavior is non-

zero autocorrelated returns. Lo and Wang (1995) further note that there

is now a substantial body of evidence that documents the predictabil-

ity of financial asset returns. In addition to the mean-reverting model,

the moving average process is one popular model to describe predictable

financial asset returns. To capture the autocorrelation of financial as-

set returns, many empirical studies extract the autocorrelation from the

asset returns’ first moment through the form of a first-order moving aver-

age process (MA(1) process), including Hamao, Masulis, and Ng (1990),

Bollerslev (1987), and French, Schwert, and Stambaugh (1987), to name

a few.
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It is also well known that the value of an option may depend on the

underlying asset’s log-price dynamics. The famous Black-Scholes model

assumes that the stock price process is a geometric Brownian motion,

which implies stock returns are independent. In distinguishing between

the risk-neutral and true distributions of an option’s underlying asset

return process, Grundy (1991, p.1049) observes that the Black-Scholes

formula still holds even though the underlying asset returns follow an

Ornstein-Uhlenbeck process. Along this line of research, Lo and Wang

(1995) claim that the unconditional variance of returns is usually fixed

for any given set of data irrespective of predictability. Accordingly, when

one implements pricing formulae of options on assets with predictable

returns, the values of the pricing formulae’s parameters should be adjusted

to fit the unconditional moments of returns. Based on the preceding

assertion and Grundy (1991), Lo and Wang (1995) further price options

on an asset with the trending Ornstein-Uhlenbeck process (trending O-

U process) by using the Black-Scholes formula with an adjustment for

predictability. Apparently, before implementing an option pricing formula

with the approach of Lo and Wang (1995), the pricing formula for the used

model should be known in advance.

As shown in Lo and Wang (1995), an important result of the arbitrage-
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free methods for pricing derivatives is: as long as the underlying asset’s

log-price dynamics are described by an Itô diffusion process with a con-

stant diffusion coefficient, the Black-Scholes formula yields the correct

option price regardless of the specification and arguments of the drift.

However, no studies exist concerning the extent to whether the Black-

Scholes formula still holds when the underlying asset returns are described

by an MA(1) process. Thus, the main objective in the research herein is to

fill the gap by introducing a continuous-time MA(1)-type process, which

is consistent with the findings in empirical studies, and to price Euro-

pean options on an asset with the process by using the martingale pricing

method.

The underlying asset’s log-price dynamics in this research are similar

to a special case of the discrete-time model used in Jokivuolle (1998).

Specifically, Jokivuolle (1998) values European options on autocorrelated

indexes, where the observed index returns determining the option’s termi-

nal payoff are modeled as an infinite-order moving average process, while

the true index returns are specified to be a random walk with drift. How-

ever, unlike Jokivuolle (1998), this research assumes that the process of

observed returns is an equilibrium price process in continuous time. This

setting is based on the common assumption of the martingale pricing
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method and is more in line with Lo and Wang (1995).

One contribution of the research is to price European options on an

asset with continuous-time MA(1)-type dynamics (MA(1)-type options)

by the martingale method. As a result, it is found that the pricing for-

mula of MA(1)-type options is not identical to that of Black and Scholes.

Accordingly, numerical analyses are conducted herein to gauge the impact

of autocorrelation induced by the MA(1)-type process on option values.

The remaining parts of this research are organized as follows. Chapter

2 reviews the literatures that document the valuation of European options

on assets with autocorrelated returns. Chapter 3 shows the setting of a

continuous-time process for autocorrelated asset returns, which will be

considered in this research. Chapter 4 illustrates the pricing formula and

the hedge for the MA(1)-type options. Chapter 5 and Chapter 6 provide

the results of numerical analyses and a conclusion, respectively.
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