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ABSTRACT: The most popular parametric formula (B-S) used in
pricing the European-style options is given by Black-Scholes (1973). The
prediction power of (B-S) strongly rely on the accuracy of the

independent variables: spot price, strike price, time to maturity, risk free
interest rate and market volatility. To improve the accuracy, many
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volatility models are proposed. Also Day and Lewis (1992) introduced
the idea of combining implied volatility and EGARCH. In this article an
optimal combination of market implied volatility, GARCH(1,1), and
GJR(1,1) is made, and the prediction power of B-S is doubled.

I. INTRODUCTION

The main measure of an investment risk, whether of a single
financial instrument stock, bond, forward or a portfolio, is its
volatility. While considering the simplicity of calculating an
implied volatility based on a given market price of an
instrument, it is the volatility of the approaching period
through which the instrument is to be held that actually
matters. In this paper, three different volatilities are combined
to get a new one.

For many decades Black-Scholes (Black, and Scholes 1973)
formula and its modifications are used to price European style
put, and call options. The formula depends on five
parameters, spot price, S, strike price, K, time to maturity, 7,
risk free interest rate r, and market volatility s. For calls “c”

[To1)

or puts “p” the formulae are

c=SN(dy)—Ke ™ N(d,), (1

and

p=Ke " N(=d;) — SN(—d,)

2
Where
_In(S/K)+(r+s?/2)T
dy = S 3
and
dz = dl - S\/T.
(€]

In (1) and (2), N(x) is the cumulative standard normal
distribution function. Indeed the probability that option
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gets exercised is N(d,). It is multiplied by the strike price
and then discounted to its present time value, giving the
expected value of the cost of exercising an option.

N(dl) is the factor which measures how much the present
value of the asset exceeds its current market price (Nielsen
1992). The product of N(dl) and option spot-price is the
expected value of receiving the stock at option’s maturity.
Therefore the option price must be equal to the difference of
these two expected values.

There are many objections to B-S option pricing formula.
Fisher Black (Black 1975) states that the market prices of
listed options tend to differ from the values calculated by the
Black-Scholes formula methodically. Especially extremely-
out-of-money options tend to be overpriced, while into-the-
money ones tend to be underpriced. He also adds that options
having time-to-maturity below three months do tend to be
overpriced.

Since the introduction of Black-Scholes-Merton in (Black, and
Scholes 1973), most of the research efforts have been to
remove some of the restrictions or assumptions in the Black—
Scholes model. Among those are the premises of the log-
normality of returns or that of constant volatility.

Meanwhile several volatility models are proposed. Implied,
historical, conditional probabilities are some of them (Fadda,
1916; Fadda, and Can 1917). Works (Latané and Rendleman
1976; Schmalensee, and. Trippi 1978; Chiras, and Manaster
1978), supported the claim that implied volatility outperforms
historical volatility. In (Beckers, 1981) it is demonstrated that
the implied volatilities of at-the-money options give better
results than any other combination of available implied
volatilities.

In this article, using the implied volatility computed from B-S
formula as the target, and a least square formulation, an
optimal combination of the three volatilities, implied
volatility, GARCH(1,1), and GJR(1,1), the prediction power
of B-S is doubled.

2. MATERIALS AND METHODS

The data used in this article is S&P100 European Style Index
also known as XEO, 75, 694 call options throughout one year
from October3, 2013 to September 29, 2014, and 141,397 put
options in the same period.

To find the optimum combination of the three volatility
models, first a target volatility, that is when used with other
parameters in B-S formula, will exactly yield the market price
of the option, is computed. It is observed that the option price
in B-S formula is an increasing function of the volatility. An
iterative scheme is set. Iteration starts by the implied volatility
supplied by the data set. If computed option price is less than
the market price of the option, and then volatility is slightly

increased till, computed option price is the same as the market
price. If computed option price is more than the market price
of the option, and then volatility is slightly decreased till,
computed option price is the same as the market price. The
volatility V of the balanced state is a kind of implied volatility
of the B-S formula. Then a linear combination

V=aX+bY+cZ+d
©)]

of X= implied volatility, Y= GARCH(1,1), and Z=
GJR(1,1) is found, which is the best in the sense of least
squares. The coefficients of optimal combination are found
as in Table 1.

Table 1. Coefficients of optimal combination for options

a b C d
Puts 0.8099 0.5858 -0.4629 | 0.0610
Ccalls | 0.8769 0.4952 -0.3737 | 0.0439

Option price depends on the parameters strike price,
K, time to maturity, 7, risk free interest rate », which are
known from today. If we predict the tomorrow’s spot
price S, using the best estimate s for the market volatility,
the optimum option prices for tomorrow can be calculated.
Option prices in our dataset are predicted one day before,
and when compared with the realized prices, it is seen that
the success of B-S formula is doubled.

Table 2. Absolute mean errors in pricing

Implied Volatility | Optimal Volatility
Puts 5.2490% 3.5773%
Calls 6.0252% 3.6573%

3. CONCLUSIONS

Since the introduction of Black-Scholes-Merton in
1973, most of the research efforts have been targeted to
remove constant volatility condition. For this several
volatility models are proposed. Implied, historical,
conditional probabilities are among them. Some
researchers also tried optimization processes to assign
appropriate weights to volatilities involved. In this
research work implied volatility, GARCH(1,1), and
GJR(1,1) are combined thorough a least squares technique,
and , the prediction power of B-S is doubled.
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