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Abstract

Index options are traded in many derivatives markets around the world. These
derivatives markets can either operate in efficient or inefficient markets. Most
derivatives markets use the best known option pricing model, i.e. the Black and
Scholes Option Pricing Model, in order to produce theoretical option prices. However,
the model itself assumes that the markets are efficient so that theoretical prices do not
differ significantly from market prices. But what 1s happening in emerging markets?
Emerging markets are characterized by many anomalies, which may create problems
either to the model or 1in general to the fair option pricing.

This study 1s concerned with the Athens Stock Exchange and the Athens
Derivatives Exchange. Specifically, this research tests the at-the-money index call
options on the FTSE/ASE 20 index with two months to expiration.

The Greek market 1s an ‘emerging’ market and this research tries to show that
the Black and Scholes model 1s not an appropriate model for the Athens Stock
Exchange or, more generally, for emerging markets, due to its assumptions.
Additionally, the research tries to identify market anomalies and to test whether these
anomalies have a significant effect on the market option prices.

The thesis includes a review of empirical studies on stock and option markets
and on the Black and Scholes model. The conclusions of these studies suggest that
there are several market anomalies in stock markets that affect option prices.

Furthermore, there are many criticisms that can be leveled against the Black and

Scholes model and its assumptions.

In order to identify the market anomalies and option mis-pricing, we employ a

battery of statistical tests. The test results tend to support the previous empirical



studies and suggest that the Athens Stock Exchange suffers from several anomalies.
The results also indicate the inefficient status of the market. In addition, the Black and
Scholes model creates pricing problems in the Greek market. These pricing problems

are due to the stock market anomalies and the mis-estimation of the true (historic)

volatility from the implied volatility.

The final part of the thesis shows the significant effect that the stock market
anomalies have on option prices. Market anomalies, such as mis-estimation of the
historic volatility, asymmetric information, insider trading and low market depth,
have a significant effect on option prices. Adding these anomalies to the Black and

Scholes model, we are able to construct a model that can predict market option prices

more reliably.
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CHAPTER 1: Introduction

1.1. Introduction

In recent years, investment behaviour, techniques and choices have been
changing, as economies around the world have become more inter-related and so
come to affect each other to a greater degree than previously. A prime example is the
European Union (EU), which has united most member states as they target greater
economic efficiency. This process of globalisation has advantages and disadvantages.
Starting from the disadvantages, we can say that market risk is the greatest of all. For
example, the under-performance of a strong economy (e.g. the US economy) could
create significant problems for other countries. However, on the opposite side, the
greater degree of correlation between economies creates opportunities for producing
greater wealth and becoming stronger.

On a smaller scale, the greater correlation of the world’s economies forces
their stock markets to become more correlated as well (Obaseki and Okafor, 2000,
Nwokoma and Olofin, 2003). The high correlation in stock markets also creates
benefits and drawbacks. One benefit is that institutional investors’ funds are being
invested in many markets that previously would not have been considered. Examples
of such markets are the stock markets of emerging countries, such as those in Eastern

Europe. However, this high correlation also has drawbacks for investors, one of which

is a lower diversification opportunity, which means that there are tewer opportunities

for risk reduction.

Investors have to work out how to earn profits from this transition of the world

economy. Nowadays institutional and non-institutional investors have to become
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global 1n order to explore all the opportunities on offer. They must become global 1n
order to avoid threats as well, as stated above. However, how can they avoid the
threats that globalisation can create? A possible answer to that question is through the
exploitation of the investment choices offered by the larger number of markets
available. New investment tools can provide reduction in risk or higher profits.
Additionally, established tools that are introduced in new markets can also provide the
same opportunity. Such investment tools are the derivatives.

Derivatives are instruments with characteristics that comprise both the
opportunity for lower risk and greater profits. A derivative 1s an instrument whose
value depends on the value of other variables, such as stocks, indexes, interest rates,
treasury bills etc. In other words, the value of the derivative depends on the value of
the underlying asset (Wilmott, 1998). There are many kinds of derivatives such as
futures, forwards, swaps and options. In this research, we focus on options rather than
the whole field of derivatives.

Options are derivatives that give the right to the buyer to buy or sell a
predetermined quantity of the underlying asset from or to the writer of the option. The
writer then has the obligation sell or buy the underlying asset to or from the buyer.
Options are divided into two categories: calls and puts. Call options give the right to
the holder (buyer) of the option to buy the predetermined quantity of the underlying
asset from its writer, meaning that the writer has the obligation to sell the underlying
asset. Put options give the right to the buyer of the option to sell a predetermined
quantity of the underlying asset to the writer of the option. So the writer has the
obligation to buy the underlying asset (Wilmott, 1998; Hull, 1997, Bryis et al, 1998,

Chance, 1998). If the option is American then 1t can be exercised during the whole
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period of the option’s life, while if the option is European then it can be exercised

only on the last day of the option’s life.

Options offer greater leverage, risk reduction (hedging) and arbitrage
opportunities. These opportunities can be exploited only if the options are combined
with other variables, such as stocks, indexes or interest rates, or if they are combined
with each other. These two kinds of combinations are called option strategies.

There are many option markets around the world such as the London
International Financial Futures and Options Exchange (LIFFE) and the Chicago
Board Options Exchange (CBOE). However, as well as the option markets that

operate 1n mature economies, there are some that operate in emerging markets, such

as the Athens Derivatives Exchange 1n Greece.

1.2. An outline of the characteristics of emerging markets

Emerging markets are those markets that operate in countries that are 1n a
transition period and are trying to improve their economic status 1n order to reach the
standards of the more developed countries. Emerging countries tend to receive funds
from sources such as the International Monetary Fund, the World Bank or,
specifically for the European countries, from the European Central Bank and the
Communal Support Framework. Such funds in emerging economies may make
international investors favour emerging markets due to the potential of high profits.
However, we must not forget that such markets do have a high level of risk as their

stocks, bonds and other investment instruments experience high fluctuations in their

prices.
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As a result, emerging markets are usually considered to be inefficient and the
inefficient operation of a stock market can create several problems for the associated

derivatives markets for the following reasons:

- Share prices might not be at their fair value, meaning that there could be over-
or undervalued share prices in the market giving rise to arbitrage opportunities

for some investors, especially for institutional investors.

- Emerging markets experience greater fluctuations than mature markets

causing very high spreads between the highest and the lowest share or index

prices.

- Indexes are not very strong meaning that their fluctuation depends on the
fluctuation of only few stocks. These indexes can easily collapse as only a few

stocks need to underperform, rather than the whole stock market.

- Indexes sometimes are constructed in such a way that they do not reflect the
stock market’s behavior as a whole. This 1s 1n addition to the above point. The
stocks that comprise an index usually are the best stocks rather than a sample
of all the stocks that are listed in the market. So the “picture’ that the indexes

show is not the one that would be portrayed if indexes were better structured.

-  The flow of information 1s not efficient as most of the information is known
only to a small group of investors. Usually 1n all stock markets, but much

more In emerging stock markets, investors are informed by means of the
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financial press or free internet sites. However these investors do not have
access to the information that the brokers have or other ‘insiders’.
Additionally, several media tend to support some stocks and so tend to provide

information only for those stocks.

- There may be a high incidence of insider trading, which can be very costly for
non-institutional investors. We argue that insider trading can be very costly as
insiders have private information that other investors do not have. So private
and 1nstitutional investors, who have access to the private information, can sell
at high levels and then buy at low levels. The profits that they generate are

losses for the remaining investors.

- There may be high transaction costs, ¢.g. the high cost of re-hedging. High
transaction costs leave several investors outside the stock market as they look
to place their funds to cheaper stock markets. Furthermore investors cannot
hedge their risk any time as the cost of re-hedging i1s higher than the actual

benefit of the hedge. (Wilmott, 1998; Hull, 1997, Bryis et al, 1998; CBOE,

1999; ADEX)

These characteristics cause problems in option markets. They are problems
that are related to fair value and other pricing problems, performance and returns, and

market efficiency. But option markets can play another role, that of reducing some of

the market 1inefficiencies.
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Derivatives are not only of interest to the investors, but have also become a
source of inspiration for researchers and practitioners to produce research studies.
These studies are either theoretical or empirical in content.

This study tries to achieve two goals. The first is to add to the existing
literature further information in the field of index options, which are traded in
emerging markets. The second purpose is to provide evidence that market anomalies
have a significant effect on option prices and in addition that some of the assumptions

of the world’s best-known option pricing model, the Black and Scholes Option

Pricing Model (BSOPM), do not hold.
The market under examination is the Athens Derivatives Exchange, so we start

by presenting some information regarding this market and its underlying market, the

Athens Stock Exchange (ASE).

1.3. The Athens Derivatives Exchange

The operation of the derivatives market in Greece 1s controlled by the Athens
Derivatives Exchange SA (ADEX) and the Athens Derivatives Clearing House SA
accordance to the Law 2533/77. The Capital Market Commission is responsible for
the control and supervision of the operation of ADEX and ADECH. ADEX is
responsible for the organisation and support of the derivatives market and for the
supervision of trading on a series of standard contracts, such as futures and options,
and is also responsible for the overall development of the derivatives exchange.

ADECH is responsible for the recording, clearing and provision of guarantees for all
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types of transactions in ADEX. ADEX has share capital of €9 million (i.e. 3,000,000

shares with a nominal share value of €3 each)

The derivative products that have been introduced are contracts based on
various financial assets. such as stocks, stock indices, interest rates and bonds. Their
value, performance and return depend upon the underlying asset on which they are
based. In ADEX, three types of futures contracts are traded: futures on the FTSE/ASE
20 Index, futures on the FTSE/ASE Mid 40 Index, futures on the 10-year Hellenic
Republic Bond, options on FTSE/ASE 20 Index and Stock Lending contracts.

The option contracts on the FTSE/ASE 20 started on 11/09/2000 and so at the
time of writing, they have had just over 3 years of life. The index options on the
specific index are still 1in an infant stage due to their short existence. The following
research will use ADEX as the market under examination and the option type under
examination will be the index option on the FTSE/ASE 20. The option contracts 1n
ADEX are European-style options, meaning that they cannot be exercised prior to
their maturnty.

The short history of the ADEX does not allow us to conduct an in-depth
analysis of 1ts performance. However, the evidence so far seems very encouraging. In
Table 1.1, we are able to observe that the market 1s growing in demand as the number
of investors 1n 1999 was only 325, but this had grown to 15,482 by the end of 2002.
This 1s an increase of more than 46 times. Furthermore, in these four years of
operations the ADEX market has developed eight traded derivatives. These derivative
instruments are the futures 1n the FTSE/ASE 20 index and in the FTSE/ASE 40 index,
tutures 1n the 10 year government bond and specific stocks, options in the FTSE/ASE

20 and 40 indices and options in repos and specific stocks. In 2003, two more

products will enter the market, futures and options in the EUR/USD exchange rate.
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With regard to option contracts, we can see from Table 1.1 that there has been

an increase in transaction volumes and values. At the end of 2000, when options were
first introduced, the transaction volume reached 26,052, but by the end of 2002 the
transaction volume had increased to 1,013.194. This is a massive increase of almost
38 times. The same pattern is observed in the transaction values of traded options.

During the three years of operation, values increased by 20 times: in 2000 the figure

was €276.12 million and at the end of 2002 was €5,774.86 million (see Appendix 1).

Table 1.1: Transaction Volumes and Values for ADEX (1999-2002)

- 11999] 2000| 2001| 2002

Number of Investors: 325 3, 181 9, 133 - 15,482
Products ' - 8
2

Transaction volumes B, 052 287, 055 1,013,194
Transaction value (nominal values, €m - 276.12 | 2, 255.1 5,/74.86

| Transaction value (based on the premium, €m 96 | 110,51 402,61

Source: Athens Derivatives Exchange |

Despite the increases in the above indicators, ADEX 1s still an emerging
derivatives market due to its short life and the very low value of transactions that take
place on 1t compared to the ASE, where transaction values reached a level of €24,784
million 1n 2002. The ratio between the transaction values of the ADEX and the ASE is

about 5 1n favour of the ASE.
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1.4. The Athens Stock Exchange

1.4.1. A bnief history of the Athens Stock Exchange

In 1870, above the café ‘The Beautiful Hellas’ there was the office of the
Athens Merchant Club. The merchants used to meet in this club in order to discuss
various issues and to negotiate the two National Bonds that were issued at that time.
In October 1872, the Credit Bank was established and in March 1873 and May of the
same year, the Lauriou Company and the Industrial Credit Bank of Greece were
established respectively. These establishments led to more intensive transactions,
more speculation and so the Athens Merchant Club was renamed as the ‘Stock
Exchange’ (Voulgan, 1995).

The Athens Stock Exchange was established in September 1876 under the
Koumoundourou government (Voulgari, 1995). In this year, there was the 1ssuance of
the first Stock Exchange Law based on the French Commercial Code. Under Law
2324/95, the ASE was reformed from a Corporate Body under Public Law to a
Societe Anonyme with the name of Athens Stock Exchange S.A. (Fact Book, 1999).
The duration of the company was set to be 200 years. This duration could be extended
or become shortened only if the General Meeting of the Shareholders decided it

(Voulgari, 1995). Now the ASE 1s located at 10 Sofokleous Road. It is very common

in Greece to refer to the ASE as the ‘Sofokleous’.



Chapter 1 Introduction 10

1.4.2. Overview of the Athens Stock Exchange

The ASE is an organisation that nowadays is known to almost the whole
Greek population, and a significant percentage of the population invests on it.
However, a decade ago only a minimal percentage of the Greek population knew what
it meant to invest on the stock exchange and almost no foreign investors (private or
institutional) were involved with investments on the ASE.

Yet since the early 1990s, many changes have taken place in Greece and in the
ASE. The whole Greek economic and political climate has changed through the years,
resulting to a new investment environment. The improvement of the Greek economy
and the creation of a stable political climate have helped in the development of a more
secure capital market that 1s recognised all over the world. It 1s notable that for two

consecutive years (1997 and 1998), the ASE was the best performing stock exchange

1n the world.

The reformation of the ASE was an important result of the improvement of the
macroeconomic and political environment in Greece. During the 1990s, the ASE
made changes that were mainly concerned with the statutory context ot the ASE. In
particular, a more comprehensive and advanced operational and trading system and
legal framework was established. These changes offered to the ASE the opportunity
to improve 1ts performance and to attract interest from both domestic and foreign
InVestors.

From 1995 to 1999, the market rose by 505%. In the next few years, the ASE
under-performed and by the end of 2002, the ASE General Index was at the level of
1762.69, i.¢. 1t had suffered a 68% drop from the level of 1999. Furthermore, the same

pattern is observed in the transaction values and in the market’s capitalisation. The
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high capitalisation index, FTSE/ASE 20 index, has also dropped since 1999. As
shown in Table 1.2 and Figure 1.1, the index dropped by 70% from 1999 to the end of

2002. (See also Appendix 2).

Table 1.2: ASE General Index (1995-2002

ASE General Index
914,15
933,48
- 1.479,63
2.7/37,35
5535,09
3.388,86

s L

2.591,56
1./62,69

oo chayge

2.11%
58,51%
85,00%

102,21%

-38,77%

Source: Athens Stock Exchange

-31,98%

Figure 1.1.: ASE General Index (1995 - 2002)
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0 -60,00%

19951996199719981999200020012002

Years

It could be said that in 2001 the ASE entered the league of the mature markets.
However, as shown in Table 1.3, 1t still retains some of the characteristics of
emerging markets, such as low transaction values, high concentration of market

capitalisation in a small amount of stocks and low liquidity.
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Table 1.3: Concentration and Liquidity in the Greek and UK Stock Markets

| _Concentration Ratio |  Liquidity Ratio
Years Greece UK
2000 0.46 094  3.01
2001 0.47 047 3.66
2002 0.6 0.40 4.00

Data from ASE and LSE (actual figures are in Appendix 3)

The concentration ratio for the ASE is high and indicates that 46%, 47% and
60% of the total market capitalisation over the period 2000-2002 came from the 10
largest stocks. The number of listed firms for the same period was 342, 349 and 3438
respectively. Comparing these figures to the UK ones, we can see how concentrated
the Greek stock market is. Furthermore, market liquidity is relatively low for the
Athens Stock Exchange. The liquidity ratio can be found by dividing the transaction
values by the market capitalisation. The ratio should be at least 1, meaning that a
market has normal liquidity if the market capitalisation i1s transacted at least once
during a year. For the Greek stock market the ratio 1s 0.94, 0.47 and 0.40 for the
period under examination. The UK statistics respectively are 3.01, 3.66 and 4. So,
from these results we can see that there are stocks for the Athens Stock Exchange that
remain untraded. The main reason for such results is that investors do not have the
liquidity 1n order to enter the market and to make transactions. Of course, this can also

be concluded from the transaction values that have been declining since 1999.

1.5. Description of the thesis

From the overview of the ADEX and ASE, we are able to see that both
markets seem to be emerging. ADEX has very low transaction values compared to the

underlying market (ASE) and the ASE has a high concentration ratio and very low

liquidity.
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The thesis attempts to identify and estimate the significance of the stock and
derivatives markets’ anomalies on option contracts and specifically on the valuation
of these contracts. The study will concentrate on at-the-money call options on the
FTSE/ASE 20 index (see Appendix 4), with two months expiration time, for the
period 9/2000-9/2002. A detailed analysis of the variables and data is included in the
methodology section in Chapter 5. The main reason for choosing at-the-money call
option contracts with 2 months expiration time is that these series are considered to be
the most heavily traded and thus should provide the best answers to our research
questions. The anomalies to be examined in the thesis are asymmetric information and
insider trading in the ASE, the market depth of the ASE and ADEX (in terms of
transaction volumes and transaction costs), seasonality and calendar effects, the non-
normality of the series under examination and the mis-approximation of implied

volatility.

The study starts with an analysis of the EMH, CAPM and BSOPM. A review
of some empirical studies regarding stock and derivatives markets’ behaviour will
follow. The thesis then turns to the main part of the research: the empirical study.
First, some tests will be conducted regarding the anomalies of the ASE and ADEX
that could cause problems to the BSOPM. Specifically, we test the efficiency level
and the normality of ASE and the put-call parity. Then there will be tests regarding
the validity of the BSOPM 1n markets like the ASE and ADEX. Having generalised
the conclusions on these tests, we will move on to the last part of the thesis in which
we will estimate and identify the significance of the market anomalies on option
prices and whether these anomalies create mis-pricing of option contracts.

A more detailed explanation of each part of the thesis follows.
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1.5.1. Outline of chapters

An outline of the remaining chapters is essential in order for the reader to
know how the study will be structured.

In CHAPTER 2 there is an analysis of the Efficient Market Hypothesis and the
Capital Asset Pricing Model. The analysis is focused on the assumptions of the
models.

I[n CHAPTER 3 there is an extensive analysis of the BSOPM. The analysis
includes an explanation of the model and the main criticisms of it.

CHAPTER 4 comprises a literature review of the empirical studies on option
and stock markets. These studies mostly refer to stock market anomalies and the
relationship between stock and option markets.

CHAPTER 5 presents the methodology and will describe the methodological
approach and research methods that are used in the thesis. In addition, this chapter
includes a thorough analysis of the variables that are used in the study.

In CHAPTER 6, we present the tests that have been conducted in order to
1dentify anomalies in the ASE that could create problems in the BSOPM. These tests
are divided into efficiency testing and tests that show whether ASE 1s a proper market
for normal theory models. Additionally, there are tests regarding the validity of the
BSOPM in an emerging market, such as the ASE, and finally there are tests regarding
the efficient operations of the ADEX. The main findings reported in this chapter are:

- the FTSE/ASE 20 1index 1s not efficient.

- Imphlied volatility 1s not a good approximation for true volatility.
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- Overall the index and the log-index are not normally distributed despite the
fact that the trading which is taking place with two-day’s break (i.e. Friday —
Monday) 1s normally distributed.

- Put-call parity does not hold, yet when transaction costs are incorporated there
are no arbitrage opportunities.

- The BSOPM provides prices that are significant different from the market
prices.

CHAPTER 7 is one of the most important chapters as we test whether the
anomalies that have been observed in the ASE and ADEX are significant and if they
create mis-pricing problems in option contracts. The main findings of this chapter are:

- Transaction costs have a significant effect on option prices.

- Asymmetric information affects option prices.

- Option transaction volumes affect option prices.

- Tests on the final regression model show that the model generates better
results than the BSOPM. They also show that the model has good predictive
ability. Finally, tests show that asymmetric information, transaction costs and
option transaction volumes all have significant effects on option prices.
Finally, CHAPTER 8 1s the last chapter of the thesis, which draws conclusions

and makes recommendations for future research.

1.6. Conclusion

In brief, we can say that this study 1s concerned with the use of index options
in emerging markets. The study focuses mainly on the mis-pricing of such options,

especially in emerging markets, which can provide abnormal profits to some investors
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and serious losses for other investors. Before the analysis and presentation of the
literature review and tests, we consider in detail the efficient market hypothesis and

the capital asset pricing model (in Chapter 2). We then turn in Chapter 3 to the main

model under examination, the BSOPM.
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CHAPTER 2: Efficient Market Hypothesis ana

Capital Asset Pricing Model

2.1. Introduction

In this chapter, we present and analyse the Efficient Market Hypothesis
(EMH) and the Capital Asset Pricing Model (CAPM). We focus on the EMH as it 1s
one of the most fundamental assumptions in any pricing model. The EMH 1s also one
of the most controversial issues in finance. On the other hand, CAPM 1s the most
widely known and used pricing model for assets. CAPM shows the relationship that
must exist between risk and return, 1f markets are efficient.

CAPM refers, as we will see below, to the relationship between risk and
return, while EMH refers to the response rate of the asset price to the arnval of new
information in the market. So the question that EMH 1s asking 1s: how quickly do
stock prices reflect new information?

As we mentioned above, efficiency 1s a major assumption in all pricing
models, including the BSOPM. The analysis of the EMH will assist us to understand
the consequences of inefficiency in a market and how this can affect asset pricing
models.

Finally, CAPM will assist us to understand the risk-return relationship, which

again applies to all pricing models, including the BSOPM.
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2.2. Etficient Market Hypothesis

One of the most fundamental concepts in finance is the Efficient Market
Hypothesis (EMH) which was introduced by Fama (1965, 1970). Since its first

appearance, the EMH has been an issue for debate between academics and

professionals.
The EMH argues that a market is efficient only when many rational investors
are competing with each other by analysing market information in order to maximize

their profits. Fama (1965, 1970) showed that there are three different categories of

market efficiency.

Strong Form: Strong-form efficiency implies that, at any given time, the share price
reflects all available information, whether it 1s publicly available or not. So even
information from inside a company cannot offer an investor excess returns, as the
information has already been reflected in the share price. So if the ASE were strong-
form efficient, we would expect that private information would not be able to generate
higher returns for insiders. In other words, 1t asymmetric information arrived in the

market, there should not be any abnormal rises or falls i1n the index’s returns (Seyhun,

1998)

Semi-Strong Form: In a market that 1s semi-strong etficient, share prices incorporate
all publicly available information. According to this form of efficiency, fundamental
analysis is pointless. Fundamental analysis tries to analyse the movement of a share
price in relation to publicly available information. However, as the information is

already reflected in the present share price, an investor cannot earn excess returns
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based on these observations and calculations. Hence if the ASE is semi-strong
efficient, we would expect to be able to estimate true or historic volatility from
implied volatility. Additionally, the index should not appear to have any volatility
clustering (ARCH and Generalised ARCH effects), as volatility clustering could be

used to predict future prices of the index (Panagiotides, 2003).

Weak Form: Weak-form efficiency implies that, at any given time, all past price
movements are reflected in the share price. So technical analysis 1s of no use as
technical analysis takes into consideration only past prices. However, as those prices
are already incorporated 1n the share price, investors cannot earn excess returns. If the
ASE were weak-form efficient, then one would expect to find that the FTSE/ASE 20

index would follow a random walk and the index returns would be uncorrelated and

independent (Wheeler et al, 2002).

In short, the EMH states that no investor can constantly outperform the market
if the market 1s efficient. However, investors sell stocks that they believe are worth
less than their current prices and they buy stocks that they believe are worth more
than their current prices. According to EMH, this cannot be profitable. One can

conclude that trading financial assets in order to outperform the market 1s not a matter

of skill but rather a matter of luck.

Another implication of the EMH 1s that as most of the investors are rational
and believe that the market 1s efficient, and that nobody can outperform the market,
there is no point in trying to analyse the market’s information and stocks. But if this

were the case, 1.e. if there were no information analysis, then markets would no longer

be efficient as stock trading would depend solely on luck.
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Many researchers have tried to identify anomalies in stock markets and to
challenge EMH. These studies have tried to show that there are markets that are not
efficient due to certain anomalies. These anomalies can be summarised as
fundamental anomalies, such as low price to book value, meaning that stocks with
low book to market value outperform those with the high book to market value (Fama
and French, 1992, Dennis et al, 1995). Other anomalies include calendar anomalies,
such as day-of-the-week effects (e.g. the result that Mondays have lower returns than
other weekdays (Harris, 1986, Agrawal and Tandon, 1994), month-of-the-year ettects
(e.g. the result that January stock returns are the highest of all months (Haugen and
Jorion, 1996, Bhabra et al, 1999) and turn-of-the-month effects where 1t has been
shown that stock returns are higher on the last days of a month and the first few days
of the next month (Hensel and Ziemba, 1996). Other anomalies include the small
business or size effect where it has been argued that small firms outperform larger
ones (Reinganum, 1997), and ‘insider transactions’ effects, according to which the
observation by investors that insiders are trading their stocks 1s seen as a signal that
the stock price will rise (if insiders buy) or that it will fall (af insiders sell) (Fishman
and Hagerty, 1992). In addition several other anomalies have been 1dentified 1n capital
and stock markets which provide evidences against the EMH. Such anomalies include
the S&P index effect (Harris and Gurel, 1986, Shleifer, 1986) where firms which are
about to be included 1n the S&P index, they tend to have a huge rise. Furthermore
another anomaly is the pricing of closed-end funds (Lee et al, 1990, Lee et al, 1991)
where these funds tend to trade at a discount relative to their net assets values.

Finally, a theory that tries to challenge EMH is that of ‘behavioural finance’.

Behavioural finance deals with the influence of psychology 1n financial decisions and

argues that factors such as fear, greed, risk seeking and peer group pressure have an
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important role in investment considerations. According to Barber and Odean (1999),
investors make two mistakes. The first one is excess trading and the second is the
tendency to disproportionately hold on to losing investments while selling winners.
They argue that these mistakes have a systematic character and are not random. As
they have a systematic character, Barber and Odean (1999) argue that these mistakes
arc made due to psychological factors. Another study by Hirshleifer (2001) argues
that financial decisions are made not only under the examination of new information
but also based on the investors’ psychology for the stock prices. In addition, Barberis
(2001) points out that investors’ behaviour 1s a major consideration for decision
making and thus there should be models which can capture investors’ behaviour in
asset pricing.

Fama (1998), however, argues that despite the fact that stock prices over-react
and under-react to new information, which 1s a result of psychological factors, this
does not mean that EMH does not hold. Fama (1998) based his argument on the fact
that most of these reactions tend to disappear in the long-run.

In Chapters 6 and 7 a number of tests are applied to check for efficiency.

These are summarised below.

Strong-Form Efficiency: Tests for insider trading and asymmetric information are
used. These are chosen as 1n a market with strong form efficiency, inside information
should not yield abnormal profits due to the fact that all information (even inside

information) 1s incorporated 1nto the stock price.

Semi-Strong Form Efficiency: We use volatility tests to check for semi-strong form

efficiency. These tests have been chosen as if all publicly available information is at
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the disposal of all investors, then implied volatility will not be significantly ditterent
from the historic or true volatility. In addition, if the ASE is semi-strong efficient,
there should not be any volatility clustering. If all publicly available information is not

incorporated into the stock price, then investors will be able to use fundamental

analysis.

Weak Form Efficiency: To test for weak-form efficiency, we use a random walk test,
a runs test and seasonality tests (i.e. tests for day-of-the-week and January effects).
We argue that these tests can assist us to check whether the ASE is a market with
weak-form efficiency as they all show whether the market’s returns follow any
specific patterns. If they do, then technical analysis can be used to explore those

patterns and earn excess returns.
Finally many financial models are based on an assumption regarding EMH.
These models assume that markets are efficient in order for them to work. One of

these models 1s the Capital Asset Pricing Model.

2.3. Capital Asset Pricing Model

2.3.1. The model

In order to analyse CAPM we first need to introduce the model and state its
assumptions. CAPM was introduced by Treynor (1961), Sharpe (1964) and Lintner
(1965). CAPM divides the risk of holding assets into systematic and unsystematic
risk. Systematic risk i1s the risk of holding the market portfolio. This risk is

incorporated into the stock as each stock participates in the market and so to a smaller
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or greater extent stocks are affected by the market. Unsystematic risk is the risk which
is unique to an individual asset. It represents the component of an asset's return which
is uncorrelated with general market movements. Unsystematic risk 1s the risk that can
be diversified by creating a portfolio rather than holding only one share (Markowitz,

1952). So according to CAPM, the marketplace compensates investors for taking

systematic risk, but not for taking unsystematic risk.

As investors should only be compensated for taking systematic risk, CAPM

produced a measure for that risk which replaces the Markowitz sigma (o) figure
which was a measure for total risk rather than only the systematic one. This measure

1S the beta figure ‘B’. The CAPM formula 1s the following:

E(R)=R,+|ER,)-R, |xp
where:

E(R. )= expected return of stock 1

Rf = the risk free rate

E(R ) =expected market return
[, =beta figure of stock i

Cov(r, " Cov(#,1,)
o

Beta can be calculated as follows: S =

, where the Cov(r,r )is the

15m
m

covariance of the stock’s and the market’s returns. Covariance measures the tendency

of these two returns to vary together. The o is the variance of the market’s returns.
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Figure 2.1.: The Security Market Line - CAPM
Retu

CAPM — Security Market Line

Beta
B=1
Figure 2.1 shows the Security Market line, on which M represents the market

portfolio 1.e. a portfolio that combines all the traded assets. From the CAPM equation,
we can see that the risk free rate 1s a constant and the slope of the Security Market line
1S

Slope = E(R-) ~ 5
P,

2.3.2. CAPM assumptions and criticisms

Having explained CAPM we should outline the model’s assumptions.

Assumptions of CAPM:

1. All assets in the world are traded so every investor can hold the market

porttolio.

2. All assets are infinitely divisible so every investor can hold a percentage of the

market portfolio.

3. All investors in the world collectively hold all assets in order to create the

market portfolio.
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4. Investors have homogeneous expectations meaning that they have the same

expectations regarding the expected returns and variances.

5. There are no transaction costs so if markets are in equilibrium then there 1s no

arbitrage opportunity.

6. No individual investor can influence the stock price as each investor’s funds

are only a very small percent of the total funds that are invested in the stock.

7. For every borrower, there is a lender so that every investor is able to either
invest more money in the market portfolio or to borrow some money at a risk

free rate and make a more defensive portfolio

8. There 1s a niskless security in the world and all investors borrow and lend at
the riskless rate so they can create a more defensive or a more offensive

portfolio relative to the market portfolio.

9. There i1s a one period investment horizon so none of the investors can change

their strategy within the investment horizon.

10. Security distributions are normal with a constant mean and variance. Under
CAPM, 1nvestors would choose to invest in different portfolios only based on

the mean (expected return)-variance porttolio selection.

CAPM operates in a perfect world. Yet how pertect is the world in reality? We
will not analyse all the assumptions but rather we will concentrate on those that

appear to have the greatest weight.

First of all, stock returns may not be normally distributed. In order for stock

returns to have a normal distribution, the market must be correctly priced at all times
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and thus to exhibit strong-form efficiency. In Chapter 6, we show that there are
emerging and inefficient markets and such markets do not have normally distributed
stock returns. In fact, we show that the ASE does not have normally distributed
returns.

Another major problem with CAPM is the so called market portfolio. The
market portfolio is very difficult, if not impossible, to be estimated. This 1s why many
studies use proxies such as the S&P 500 index, which could obviously lead to the
misspecification of the model. Similarly, a study by Torz (1998) showed that by
running a linear regression 1n order to estimate beta, the residuals are not random.

Other assumptions that are questionable are the constant risk free rate and the
assumption that investors can borrow and lend at the same rate. Everybody knows that
in the real world this 1s not true, as borrowing money costs more than lending money.
Furthermore, interest rates are not constant, but fluctuate constantly. A final point
concerning interest rates 1s that the model uses nominal rather than the interest rates.

Finally, CAPM can only be tested using historic data which makes it unable to
produce future predictions. If CAPM could produce future predictions then the market
would not be efficient and thus the whole model would collapse as one of the model’s
assumptions 1s market etficiency.

Due to the underlying assumptions of the CAPM, the model has been widely
criticised. Some of these criticisms are presented below.

Fama and French’s (1992) study used monthly returns for the period 1963-

1990 on the stocks of NYSE, AMEX and NASDAQ. They examined the size and
book to market equity and found that the relationship between beta and returns is not
significant. So they concluded that the model does not provide an adequate

description of average stock returns for the period of the study.
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Additionally Cadsby (1992) found that there are anomalies in the risk-return
relationship. In his study he used data from 2/1/1963 until 31/12/1985 for daily stock
returns on New York Stock Exchange listed stocks. He used two periods of 10 years
each. The total amount of stocks was 672 and 874 respectively for the first and the
second decade. He showed that risk was rewarded in the early days of the month but
not during the rest of the month and later in the week but not early in the week.

Finally Miles and Timmermann (1996) analysed the variation in expected
monthly stock returns for a large cross-section of UK companies, by running cross-
sectional regressions of the monthly returns. The result was that firms’ betas are not
significant 1in explaining cross-sectional variation in stock returns. They concluded

that book-market value, and to a lesser extent company size and liquidity, appear to

contain more information than CAPM about variations 1n expected returns.

However, there have been several studies that are in favour of CAPM. Ng’s
(1991) analysis covered a period from January 1926 through December 1987,
consisting of NYSE common stock returns, and employed a multivariate GARCH
approach for analyzing the data. He 1dentified a positive relationship between beta
and monthly returns. This tends to support the validity of CAPM as a description of
the risk-return trade off in capital markets. A final study by Pettengill et al (1995)
supported the same conclusions.

One asset pricing model that developed 1n order to challenge CAPM was the
Arbitrage Pricing Theory (APT) (Ross, 1976). The APT specifies returns as a linear
function of more than a single factor, compared to the CAPM which specifies returns

as a linear function of the systematic risk. APT is based on the law of one price i.c.

that the same product must have the same value at any place. The model is as follows:

E(R)=a +b,1, +b,1,,+..0.1, te,

g= gt
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where a, is the stock return if factors are not influencing the stock return and

l,,1, ...1, are the various factors. The b;;, by, ...b; reflect the sensitivity of the

112

stock’s return to changes in the various factors. The assumptions of the APT are as

follows:

1. For a given level of risk, investors prefer high returns to low returns. For a given

level of returns, investors prefer low risk to high risk.

2. Investors can borrow or lend at the risk free rate.

3. There are no transaction costs or restrictions on short-selling.
4. Investors agree on the factors that influence security returns.
5. There are no riskless arbitrage opportunities.

Assumption 5, of course, 1s the key assumption and 1s also referred to as the ‘law of
one price’ or the “no-arbitrage condition’.

The problem that APT faces 1s that the model does not specify the factors that
influence stock returns. A paper by Roll and Ross (1984) argued that the following
four significant factors are likely to influence stock returns:

1. Unanticipated changes 1n inflation.
2. Changes 1n expected industrial production.
3. Changes 1n risk premium.

4. Unanticipated changes in the slope of the term structure.
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2.4. Conclusion

Through the presentation and analysis of the EMH and CAPM, we are able to
understand the meaning of market efficiency and the assumptions upon which one of
the most fundamental asset pricing models i.e. the CAPM, is based. Analysing the
EMH can enable us in later chapters to test for market efficiency. Efficiency 1s a
major part of finance theory and specifically in financial markets, as all the major
asset pricing models assume efficient markets. In addition, the analysis of CAPM and
its assumptions will also enable us to analyse the Black and Scholes Option Pricing

Model, as i1ts assumptions are essentially the same as those of CAPM.
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CHAPTER 3: The Black and Scholes Option
Pricing Model

3.1. Introduction

This study concentrates on the Black and Scholes Option Pricing Model
(BSOPM) and examines whether it is an appropriate model to be used for option
pricing in emerging markets. Furthermore, the study will try to show that call option
prices 1n Greece are influenced to a significant extent by several market anomalies.

In Chapter 6, we test the emerging status of the Athens Stock Exchange and
the Athens Derivatives Exchange. Preliminary information presented in Chapter 1
suggests that the ASE and the ADEX are indeed emerging markets. The emerging
status of these stock markets could create pricing problems for call options when their

prices are based on the BSOPM.

Before conducting the tests that will enable us to draw conclusions as to
whether the BSOPM 1s an appropriate model for emerging markets, it 1s important to
analyse the actual model. In this chapter, we discuss the BSOPM and its assumptions,
and then examine several criticisms of the model and its various extensions, including
option pricing on assets with stochastic volatility and option pricing with stochastic
interest rates. In addition to the BSOPM, there are several other option pricing models
that have been introduced (e.g. the Binomial model, and the Monte Carlo approach to

option pricing). We start, therefore, with a brief description of these models.
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3.2. Option Pricing Models

3.2.1. Binomial Option Pricing Model

The Binomial Option Pricing Model was introduced by Cox et al (1979) and 1t
1s the second most common method of pricing option contracts.

The model breaks down the time to expiration into a very large number of
time intervals. Having done that, a tree of stock prices is produced from time zero
until the option expiration. At each step, the stock price will tend to decrease and
Increase according to the volatility and the time to expiration. This 1s a binomial
distribution of the stock price, which shows all the possible prices that the stock can
take until the expiration of the option contract.

Having estimated the tree of stock prices, we then work backwards, 1.e. from
expiration to time zero. At each step and for each possible stock price, the option
price 1s calculated using a risk neutral valuation and based on the probabilities that the
stock will rise or fall, the risk free rate and the time interval. At the end of each step’s
calculation, we have a single price which 1s the option price of the specific contract.

The advantage the Binomial Option Pricing Model has over the BSOPM is
that 1t can price accurately American options as it can take the possibility of an early
exercise 1into consideration at each step. When an early exercise point 1s found, it is
assumed that the option holder would elect to exercise and the option price can be

adjusted to equal the intrinsic value at that point. This then flows 1nto the calculations

higher up the tree and so on.
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However, one disadvantage of the binomial model is that if the number of time
intervals becomes very large, then it is very time consuming to calculate the option

prices, even with very sophisticated computers.

We should comment here that the Binomial Option Pricing Model and the
BSOPM have the same assumption regarding the stock price distribution. Due to that

common assumption, the binomial model with infinite steps is equivalent to the

BSOPM.

The model may be 1llustrated as follows:

Sy with probability p

Sq with probability q, where =1 -p

where S 1s the stock price and S,, Sq are the stock prices if the stock price rises or

declines respectively.

With just one period, the option price would become:

C, = max|[0, S, — K] with probability p

Cqs=max|0, Sq — K] with probability q, where q=1-p

where C is the option premium, C, and C4 are the option premiums for premium’s rise
or decline respectively and K 1s the strike price ot the option.

With n steps, the binomial formula becomes:

, ! j yn=J lo 7,7 777 "
C=[;(}_!(H_J_)Jp q max[O,u d S—-K]}/r
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where r is the risk-free rate, n is the number of changes that occur in the stock price
(rise or fall) and j is the number of stock price rises. However if we denote a as the
minimum number of increases that the stock prices must have in order for the option

to expire at-the-money then the model becomes:

forj<a max [0,4 d"7 S-K] = 0
forj>a max [0,4 &' S-K] = d"7 S-K

SO:

C = {i( " ]p"q"‘j max[ujd”'jS — K]}/r"

ma\ Ji(n—J)!

If we now split the underlying price and the strike price the model becomes:

_ o N n PR 7o S | I RCINNN By
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3.2.2. A Monte Carlo approach to option pricing

The Monte Carlo simulation on option pricing was first introduced by Boyle

(1977). A Monte Carlo simulation 1s actually a random walk simulation. The model

has several assumptions regarding option pricing. These assumptions are:

- The stock price follows Brownian motion

- The returns are log-normally distributed

- The interest rate 1s continuously compounded
- The stock markets are strong form efficient

- There are no transaction costs

- No dividends are paid
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The 1dea 1s to run the random walk long enough so that it has time to take a tour
through most of the distribution. The actual steps for calculating the option price
through a Monte Carlo simulation is:

- Obtain historic prices on each stock to estimate annual volatility, ¢

- Simulate stock prices up to the maturity date T:

r =3

—0.502)I+JZ\/;
S. = Soe-(rf -

where Z represents the z values of the normal distribution and ¢ is the time to
expiration.

Based on the simulated stock price, the calculated option prices are:

C =e™" payoff

where the payoff 1s:

Payoff = max{S, — K ,0}

3.2.3. Other recent developments 1n option pricing models

Researchers and academics have focused in recent years on implied tree
models and more specifically, on implied binomial and trimonial trees (Dupire, 1994,
Derman and Kani, 1994, Rubinstein, 1994a, Jackwerth and Rubinstein, 1996). The
binomial tree assumes that the probability of the stock price increasing or decreasing
1s known. However, as it 1s not possible to know these two probabilities, we use the
implied probability distribution of the underlying asset.

Future stock prices are estimated based on a random walk, where the

underlying has a non-constant volatility which depends on time and the stock price.
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So the implied binomial tree uses the observable market option prices in order to

estimate the implied probability distribution.

3.3. The Black Scholes Option Pricing Model

3.3.1. The model

The main reasons for analysing the BSOPM are the following:

- It 1s the world’s best known option pricing model

- It 1s used in most of the world’s derivatives exchanges

- ADEX uses the model (specifically, ADEX uses a variation of the BSOPM
where 1nstead of the spot index prices, they use the future index prices, with

the benefit that there 1s no need to calculate the dividend yield and the interest

rates).

According to the model, the cost of a call option will equal the underlying
asset’s price minus the price of a discount bond that has the same expiration time as

the call option and a face value equal to the option’s strike price (Black, Scholes

1973).

Based on the above definition of a call option’s premium, we can understand
that if the option has a long time to expire, the discount bond price will be near to zero
and thus the call premium will be almost the price of the underlying asset. However,
if the option’s life is very short, then the bond price will be near to 1ts face value and
so the option’s premium will be near to zero (Black, Scholes 1973).

Well before 1973, Sprenkle (1961) produced an option pricing formula that

was very close to the BSOPM. Sprenkle’s formula was the following:
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COP = kxN(b,) - K cN(b,)

1n(-’§‘) + ‘; (" —1)

_1:\/ (z-‘* _ z‘)_

b =

kx 0-2 x
In(—)-—(@ —1)
h = C 2

1

val(t = 1)

where:
COP = call option price
X = underlying price
C = €XEICISE price
t* = maturity date
o = stock’s return variance
N(b;), N(b,) = cumulative normal density function
k, k* = unknown parameters

According to Sprenkle, k 1s the ratio of the expected value of the stock at
expiration to the current stock price and k* 1s a discount factor that depends on the
stock’s riskiness. In other words, k 1s the expected return of the stock. As is easily
observed, the major drawback of Sprenkle’s model 1s these two unknown parameters,
1.€. k and k*.

Twelve years later Black and Scholes succeeded in excluding the unknown

parameters, which had made the previous model vulnerable. The model that Black

and Scholes developed was very similar:
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C = SN(d,)- Xe " N(d,)

ln(—S—-) —(r+ o )t —1¢)
d=—2x_ 2
o+(t —1t)

d, =d, —O'\/(t; "5

where:

S = underlying price

X = strike price

e™ = discount factor

r = risk-free rate

o- = underlying asset’s return variance
t* = maturity date

N(d;), N(d,) = cumulative normal density function
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