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Abstract. The main derivative exchange in Russia is FORTS (Futures and Options in RTS) which is a division of Russian
Trade System (RTS). The underlying assets of option contracts are futures on Russian companies’ shares: OJSC “EES”!,
OJPC “Lukoil” and OJSC “Gazprom™. A basic model for estimation of fair option price is Black-Scholes model,
developed in the beginning of 70-s’ years of the last century. This model defines the option premium as a cost of its
hedging by underlying asset. It uses a number of assumptions: prices of underlying assets follow log-normal distribution;
hedging is accomplished continuously; an underlying asset is infinitely divisible; a volatility is constant on all period of
option life. However, according to practice, prices of shares and futures do not follow normal or log-normal distribution,
a volatility can change during a life of option, and hedging is a discrete process. Thus, Black-Scholes model can yield
inexact results in real markets, especially it concerns deeply “in the money” or deeply “out of the money” options. The
basic purpose of the paper is to investigate opportunities to apply Black-Scholes model for an estimation of option

premiums in the Russian market.
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1. Black-Scholes model and volatility smile

It is very important to estimate an implied volatility
for option market analysis. If an implied volatility is
used in Black-Scholes model, the current market price
of an option will be the result of the calculation. An
implied volatility is calculated by solving the the
corresponding nonlinear equation.

Options’ implied volatilities for the various strike
prices can be different in a real market. If an options’
implied volatility with smaller and larger strikes is
higher than “at the money” option’s volatility, a plot
of the dependence of an implied volatility from a
strike can be named as a “volatility smile”. There are
some reasons of the smile occurrence. A volatility of
an underlying asset changes according to some
stochastic process. It is not a constant as it is
postulated in Black-Scholes model. In a real market
historical and implied volatility of options are differ

! Russian uniform power system.
2 Russian Private oil company.
% Russian state-owned company.

too. Figl shows the typical plots of “at the money”
options’ implied and historical volatility. They can be
close to each other, but also can be different for some
period of time. There is an obvious statistical
connection between these two kinds of volatility: a
historical volatility bull trend causes increase of
implied volatility of options; a historical volatility bear
trend leads to downturn of options’ implied volatility.
Sometimes an implied volatility change is a harbinger
of respective alteration of historical volatility.

A plenty of works is devoted to experimental researches
of Black-Scholes model accuracy. In work [1] results
of experiments on options discrete hedging for the
American shares are considered. This research is based
on real historical data. The reasons of the disbalance
between cost of hedging and the theoretical price of “at
the money”’ options are analyzed. It is judged that this
disbalance can’t be explained only by effect of discrete
hedging. A variable volatility character and a presence
of price jumps bring to hedging mistakes.

In work [2] it is told about similar experiments for “at
the money”, “out of the money” and “in the money”

options. The price process is formed by simulation.
9



D. Golembiovsky, I. Baryshnikov

55
53
51
49
47 o oaa A

45 A o

Volatility,%

43 o
41
39
o Historical volatility
37

35

12 ) o > Q U » © > Q
IR RN R SR RN

AN MRS AN A S A S A NN
R N N RN N RN LN RPN N
P F T T PN TIPS

Q
S S S S, S S S S S

A Implied volatility A

P PP PSP P & ® N

SURSERNURNERS IR I
& O
Vv P

> & &
Qb"Q 0""0 Qb"Q
& & S
(O S

2
07

Fig 1. The example of historical and implied volatility dynamics

Black-Scholes and GARCH models of an underlying
asset’s price are considered. In case of GARCH
application, the average hedging mistakes of Black-
Scholes model are negative for “at the money” options
and positive for “out of the money” and “in the money”
options that prove the presence of volatility smile.

The classical volatility smile is observed at the
Russian option market too. The implied volatility has
been estimated for the real data of the options’

settlement prices. The underlying asset of the options
is “EES” share’s futures. The volatility smile for call
options on “EES” share’s futures is shown on fig. 2.
The smile is constructed from options settlement
prices for May, 12, 2004. The settlement price of the
three-monthly future was 7564 RUR/contract.

There are strikes of “out of the money” put options
on the left tail of smile. There are strikes of “in the
money” call options here too. The right tail
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Fig 2. The volatility smile for call options on “EES” share’s futures
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corresponds to strikes of “in the money” put options
and “out of the money” call options. Strikes of “at the
money” options are near a point of smile’s minimum.

It is very interesting and important to establish,
whether the presence of a volatility smile is the result
of inadequacy of Black - Scholes model and whether
this smile reflects a real price of option contracts.

2. Description of the experiment

In our research the russian shares’ prices for the period
from August 1999 till April 2004 are used. The shares
of the following russian companies were analyzed:
“Mosenergo”, “EES”, “Lukoil”, “Rostelecom”,
“Sberbank” and “Surgutneftegaz”. Black-Scholes
model is used for the option premium calculation. The
underlying assets of these options were the russian
companies’ shares. It is more convenient for the
purposes of the research because long statistics is
available. For the option premium calculation the
following assumptions were used.

1. Risk free rate (as well as in works [1], [2]) was
accepted equal to zero. Future and share option
premiums, estimateded under Black-Scholes model,
coincide at such rate.

2. Time to expiration is 20 and 60 trading days.

3. As well as in [2, 3], for hedging imitation for each
option expiration period was used the volatility which
was estimated on the previous period with the equal
duration. The volatility was calculated by a standard
formula:

L 2
oo |2’ 0

n-1

where o - the historical volatility;

u, — the logarithm of relative increment of price in a
current trading day to the price of a past trading day;

W — the expectation of logarithmic increments;
n — the sample size (20 or 60 trading days).

4. “At the money”, “out of the money” and “in the
money” option premiums were estimated. The option
strike prices of two last categories were calculated as
follows:

X1 = Sxexp( icﬁ) ,
X, = Sxexp(+26+T ),

where X, — the strike price of “out of the money” and

“in the money” options;

X, — the strike price of deeply “out of the money” and
deeply “in the money” options;

o — a daytime volatility;
T — a simulation period (20 or 60 trading days);

S — a current share price in the beginning of the
simulation period.

It was supposed that in the beginning of each
simulation period call and put options with various
strikes are sold. The quantity of the underlying asset
which is necessary to sell or to purchase for each
option is defined, so that the portfolios were delta-
neutral. For such portfolios losses on one position are
compensated by profit on another. An amount of
underlying asset is defined by delta. Correction of
asset’s positions is carried out to ensure delta-
neutrality of portfolios when market moves. Delta of
call and put options are estimated by formulas (2) and
(3) accordingly:

Acal =N(dp), (2)

Aput = N(dl)_l, 3)

In(§)+(r+0,562 7T

- , 4
d; " “4)

where Ay —delta of call option;
Aput — delta of put option;

N(d;)— a function of the standard normal
distribution;

S — a current market price of underlying asset;
X — an option strike price;

T — a time to expiration of option;

r — a continuously compounded free risk rate;
¢ — an underlying asset’s volatility.

Delta was calculated for each trading day and
according to it’s value asset was purchased or sold.
Delta values for “EES” shares are shown in tab. 1.

For maintenance of delta-neutrality it is necessary to
buy 0,53 share on 8,957roubles. In the second trading
day it is necessary to get 0,01 more share on 9,009
roubles. In the third trading day, on the contrary, it is
necessary to sell 0,03 share at the price of 8,922
roubles, etc. In the third trading day 0,03 shares had
the lower price than the price of purchase. There was
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Table 1. A process of delta-hedging

Trading day Spot price, RUR. Delta Results of hedging by the underlying
asset, RUR.

30.03.2004 8,957 -0,53 0,00

31.03.2004 9.009 -0.54 0.03

01.04.2004 8.922 -0.51 -0,05

02.04.2004 8.96 -0.53 0,02

a loss as the result of this operation. The sum of profits
and losses for the simulation period will form the
financial result of operations with the underlying asset.
It is necessary to add to this result the payments on
options in case of their exercise then cumulative
expenses of the option hedging will be received.

For each option expiration period and for each
considered strike the hedging mistakes were estimated
by means of the option premium extraction from the
hedging expenses. The average mistakes of hedging
for the Russian companies’ shares are shown in tab.
2 and 3.

The average mistakes of hedging appeared negative
for “at the money” options and positive for “in the
money” and “out of the money” options. Thus, there
is a volatility smile in the Russian market, and Black-
Scholes model do not quite adequately estimates
option premiums.

Futher the coefficients of volatility smile, at which the
average mistake of hedging becomes equal to zero, have
been determined. A historical volatility was multiplied
by the coefficients. The received new value of volatility
was used for delta and option premium calculation. The
coefficients of smile were calculated so that hedging

Table 2. The average mistakes of hedging for the simulation period of 20 trading days

An option type EES Lukoil Mosenergo Rostelecom Surgutneftegaz Sberbank
Put ATM -0,0263 -0,9332 -0,0066 -0,1522 -0,0498 -14,4916
Put OTM (-0) 0,0114 0,2270 0,0013 0,0731 0,0135 3,1267
Put ITM (+0) 0,0082 0,5472 0,0076 0,2540 0,0321 12,2457
Put OTM (-20) 0,0024 0,0237 0,0001 0,0725 0,0009 0,7978
Put ITM (+20) 0,0107 0,2641 0,0026 0,1267 0,0348 7,4121
Call ATM -0,0263 -0,9332 -0,0066 -0,1522 -0,0498 -14,4916
Call ITM (- o) 0,0114 0,2270 0,0013 0,0731 0,0135 3,1267
Call OTM (+0) 0,0082 0,5472 0,0076 0,2540 0,0321 12,2457
Call ITM (-20) 0,0024 0,0237 0,0001 0,0725 0,0009 0,7978
Call OTM (+20) 0,0107 0,2641 0,0026 0,1267 0,0348 7,4121
Table 3. The average mistakes of hedging for the simulation period of 60 trading days
An option type EES Lukoil Mosenergo Rostelecom Surgutneftegaz Sberbank
Put ATM -0,0696 -2,5884 -0,0203 -0,7581 -0,1077 21,7309
Put OTM (-0) 0,0312 0,6892 0,0021 0,1776 0,0160 3,6844
Put ITM (+o) 0,0125 1,9359 0,0055 0,3214 0,1001 6,06189
Put OTM (-26) 0,0058 0,0592 0,0002 0,0517 0,0013 0,4139
Put ITM (+20) 0,0260 0,1866 0,0056 0,0623 0,0691 3,7824
Call ATM -0,0696 -2,5884 -0,0203 -0,7581 -0,1077 -21,7309
Call ITM (-0) 0,0312 0,6892 0,0021 0,1776 0,0160 3,6844
Call OTM (+0) 0,0125 1,9359 0,0055 0,3214 0,1001 6,6189
Call ITM (-20) 0,0058 0,0592 0,0002 0,0517 0,0013 0,4139
Call OTM (+20) 0,0260 0,1866 0,0056 0,0623 0,0691 3,7824
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expenses of options by underlying assets were in the
average equal to the option premiums calculated under
Black-Scholes model. The iterative methods realized in
MS Excel have been used for these purposes. The
coefficients demonstrate a smile too.

Based on the practical reasons, the coefficients of
smile have been calculated for the following russian
companies: OJSC “EES” and OJSC “Lukoil”. There
are option trading on the companies’ shares at FORTS.

With the purpose of testing of the coefficietns’ stability,
they were calculated for the three periods:

» for all historical period,

» for first half of the period from August, 1999 till
June, 2002;

» for second half of the period from July, 2002 till
April, 2004.

The results are shown on fig 3-6.
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Fig 3. A volatility smile for options on “EES” shares for the simulation period of 20 trading days
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Fig 4. A volatility smile for options on “EES” shares for the simulation period of 60 trading days
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Fig 5. A volatility smile for options on “Lukoil” shares for the simulation period of 20 trading days
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Fig 6. A volatility smile for options on “Lukoil” shares for the simulation period of 60 trading days

Fig 3-6 show that irrespectively from the historical
estimation period of the coefficients a volitility smile
is observed in the Russian market. A smile is quite
stable and defined by the real cost of option hedging.

The received coefficients of smile have the high
practical importance. They show that Black-Scholes
model overestimates (if a coefficient is less than unit)
or underestimates (if a coefficient is more than unit)
real option premiums.

3. Conclusions

A classical volatility smile is observed in the Russian
option market. On the average, the prices of “out of

14

the money” and “in the money” options, calculated
under Black-Scholes model, is less than their real
prices. On the other hand, on the average, the value
of “at the money” option premiums, calculated under
Black-Scholes model, is more than the real cost of
hedging by an underlying asset.

The inaccuracy of Black-Scholes model can be
eliminated by calculation of coefficients of volatility
smile. It is necessary to estimate a historical volatility
and multiply it by a coefficient of smile to calculate
a fair option premium. The received volatility is
substituted in Black-Scholes model for computation of
a fair option price. If a market price of an option is
less than its fair price such options should be bought
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and, on the contrary, if a market price of an option is
more than its fair price such options should be sold.

Black-Scholes model modification by means of
coefficients of smile has the high practical importance.
It allows hedgers to estimate options more efficient for
hedging targets. (About application of options for
hedging commodity price risks see, for example [4]).

Speculators are able to receive additional profit during
the periods when market quotations of option contracts
differ from their fair prices.
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