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PREFACE

Nowadays it is not easy for individual investors and portfolio managers to achieve a best
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not only makes a contribution to the investment management in Turkish capital market but
also has widen my personal knowledge horizon with regard to the understanding of market
behaviour.
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OZET

Sermaye piyasasinda denge kosullar agiklamaya calisan Finansal Varlik Fiyatlandirma
Modeli, sermaye piyasalarindaki risk-getiri iliskilerini tamimlamak amaciyla arastirmacilar
tarafindan daha once de test edilmistir. Deneysel test sonuglari, modeli kuvvetle
destekleyen yonde oldugu kadar aym &l¢tide yadstyan nitelikte olmustur. Finansal Varlik
Fiyatlandirma Modeli, uygulanabilir portfoy yo6netiminde genis kullanim alam
buldugundan beri, akademik arastirmalarin temel tartisma konularindan biri haline
gelmistir.

Bu calismamin amaci, Finansal Varlik Fiyatlandirma Modeli’'ni Tiirk sermaye
piyasasindaki beta-getir iliskisini tammlamak, betanin menkul degerlerin riskini 5l¢mede
ne orada basanli oldufunu goéstermektir. Finansal Varlik Fiyatlandirma Modeli testi,
Istanbul Menkul Kiymetler Borsasina kayith menkul kiymetlerin getirileri kullamilarak,
geleneksel yontem ve kosullu analiz yontemi olmak iizere iki sekilde yapilmigtir. Fama ve
MacBeth (1973)’in ii¢ basamakli geleneksel -yaklasimi, beta-getiri iliskilerini ve risk
priminin pozitif oldufunun testini amaglamig, ancak elde edilen sonuglar istatistiksel
olarak anlamli olmamustir. Gelenkesel test yénteminin bu sonucu vermesinin temel nedeni
pazar risk priminin pozitif ve negatif oldugu dénemleri birbirinden ayirmamasidir. Bundan
dolay1, Pettengill vd’in (1995) kosullu analiz teknigi kullanilarak analiz dénemi pazar risk
priminin pozitif ve negatif oldugu haftalardan olusan iki gruba aynlmigtir. Béylece
istatistiksel olarak, beta ve getiri arasinda onemli ve saglam sonuglara ulagilmigtir. Ayrica,
sonuglar, pazar risk priminin negatif oldugu donemlerde, risk ile getiri arasinda negatif
iligki oldugunu da géstermistir. Yiiksek betali portfGylerin, pazar primi pozitif oldugu
doénemlerde yiiksek getiri, pazar primi diisiik oldugu dénemlerde diisiik getiri oldugunu
bulunmustur. Tiirk sermaye piyasasinda, beta ve getiri arasinda sistematik kosula bagl bir
iligski oldugu sonucuna varilmistir.

Bu c¢alismanin sonunda, elde edilen tiim bulgular, betamn, yatinmcilar ve portfoy
yoneticileri i¢in halen kullamsh bir risk 6l¢tim araci olarak kullanilabilecegini ancak bu
yapilirken pazar risk priminin pozitif ya da negatif olmasina dikkat edilmesi gerektigini
gostermektedir.

Anahtar Kelimeler:
Finansal varlik fiyatlandirma modeli; Pazar risk primi; Beta ve getiri
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SUMMARY

The Capital Asset Pricing Model, as the dominating capital market equilibrium model, has
been previously tested by various researches in order to define the relationship between
risk and return in different capital markets. The empirical test results show the strong
support as well as the evidences against the CAPM. The CAPM is the actual issue of many
debates in academic research since it continues to be widely used in practical portfolio
management. -

This study has its aim to test the CAPM in order to determine the relationship between beta
and returns in the Turkish capital market and the usefullness of beta as a single measure of
a security risk. The test of the CAPM in this thesis has been conducted in both traditional
and conditional way using the returns on securities listed on Istanbul Stock Exchange.
Using the Fama and MacBeth (1973) three-step traditional approach which aims at testing
the relationship between beta and return and whether the market risk premium is positive,
has given us the result which shows the-insignificant relationship between risk (measured
by beta) and return. We believe that the traditional test results have been biased due to the
fact that the traditional test does not take into account the condition of positive and
negative market excess returns. Therefore, we have splitted the up-market weeks and
down-market weeks to conduct the conditional test according to the Pettengill et al. (1995)
method. The statistically significant and consistent relationships between beta and returns
have been found. The results also indicate that there is an inverse relationship between risk
and returns in the periods when the market excess returns are negative. It has been found
that the portfolios with higher betas have higher returns when the market risk premium is
positive and lower returns when the market risk premium is negative.

We have concluded that the systematic conditional relationship exists between beta and
returns in the Turkish capital market. The overall evidence in this study indicates that beta
is still a useful measure for risk for investors and portfolio managers to make investment
decisions but the analysis should be made by means of the conditional model.

Keywords:
Capital asset pricing model; Market risk premium; Beta and return
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1. INTRODUCTION

1.1 PURPOSE OF THE THESIS

The purpose of this study is to test the validity of the CAPM, which is widely used in
portfolio management to predict the securities returns according to the relationship
between risk and return, in Turkish capital market. The study is also aimed to determine
the type of relationship between risk and return with regard to the market conditions.

1.2 SCOPE OF THE THESIS

The scope of this thesis covers the tesing of the CAPM using data from the Istanbul Stock
Exchange (ISE), particularly all stock returns available on ISE meeting the data
requirements of the test, for the period of 1995-2005.

1.3 METHODOLOGY OF THE THESIS

There are various methodologies of testing the CAPM. However, most of them use main
principles of the three-step approach of Fama and MacBeth (1973), which is one of the
earliest and basic CAPM test methodologies. The basis of this method is the portfolio
formation procedure according to the ranked beta estimates. Betas are estimated by
running time-series regressions. The final step includes the cross-sectional regression of

estimated betas and returns.

One of the recent test approaches is the Pettengill et al. (1995) methodology. This approach
also based on the implications of the Fama and MacBeth method but the final step is
adjusted by adding into the regression of dummy variable which allows to separate the
periods of negative and positive market excess returns. This conditional approach,

generally, brings to the different test results.

We have used both above-mentioned methods to test the CAPM in Turkish capital market

adjusting some data according to the Turkish market conditions.



1.4 LIMITATIONS

The scope of this thesis is limited to the main assumptions of the CAPM. Our test has been
conducted without relaxing of any model assumptions. The study is focused on the beta as
the measure of risk and the single main variable affecting the security returns. However,
the model might be broaden in the future to test the other market variables that can
influence the security returns in the Turkish capital market.



2. THEORY OF THE CAPITAL ASSET PRICING MODEL
2.1 Main Implications and Assumptions of the CAPM

The Capital Asset Pricing Model (CAPM) was developed from the modern portfolio theory
created by Markowitz in 1952. He proposed a portfolio selection technique that maximizes
expected utility to a combination of portfolio return and risk. More precisely, the CAPM
comes out of two developments: Markowitz portfolio theory, which is showing how to
create an efficient frontier, and the theory of James Tobin, who in a 1958 paper suggested
that if investors hold risky securities and are able to borrow - buying stocks on magrin, or
lend - buying risk-free assets, and investors do so at the same rate, then the efficient
frontier is a single portfolio of risky securities plus borrowing and lending, and that
dominates any other combination. Tobin's Separation Theorem suggests that investors can
separate the problem into first finding that optimal combination of risky securities and then
deciding whether to lend or borrow, depending on their attitude toward risk. He then
showed that if there is only one portfolio plus borrowing and lending options at the same
risk-free rate, efficient frontier converts to a linear relationship between risk and return

called the capital market line.

These theories were later expanded independently by Treynor (1961), Sharpe (1964),
Lintner (1965) and Mossin (1966) who introduce a single index model known as the
CAPM. Since then, the CAPM has been the dominating capital market equilibrium model.
It continues to be the most widely used model-in p:actical portfolio management and in
academic research. Its central implication is that the contribution of an asset to the variance
of the market portfolio — the asset’s systematic risk, or beta risk — is the correct measure of
the asset’s risk and the only systematic determinant of the asset’s return. The model
examines the type of risk-return relationship, the determination of the expected rates of
return, as well as the security prices behavior. Being the most basic asset-pricing theory,
CAPM tries to explain the difference between expected returns of different capital assets in

term of their market risk.



As every theoretical model the CAPM has its assumptions. Being based on the Markowitz

portfolio theory, the CAPM includes all its assumptions. The CAPM’s basic assumptions

are as follows:

1y

2)

3)

4)

All investors are risk-averse and rational expected-utility maximizers. It means that
all investors use the Markowitz portfolio selection model, i.e. for holding a higher
risk investors want to be compensated with higher return. Hence, for instance,
between two assets with equal rate of return an investor will select the asset with
lower risk. If it was not true and investors were not risk-averse then logically all
investors would hold the single security with the highest return in order to
maximise their utility preferring more return to less return. However, investors are
typically risk-averse and hold diversified portfolios investing in many types of
assets with different levels of risk. Every investor will choose the portfolio that best
fits or maximises his or her expected utility, meaning that an investor will have the
highest possible indifference curve.

All investors select from alternative portfolios on the basis of expected return and
risk. Rational investors prefer to hold portfolios that are placed on the efficient
frontier. Investor’s portfolio choice depends on the investor’s level of risk-aversion
that is characterized by the shape of investor’s risk-return utility function. A highly
risk-averse investor will choose a portfolio somewhere from the lower left part of
the efficient frontier with the lower risk and therefore with lower return, whereas an
investor with low degree of risk-aversion will hold a portfolio from the right upper
part of efiicient frontier with higher return and higher risk. So, every investor will
choose his or her optimal portfolio from the efficient set of portfolios.

All investors operate on an identical single-period time horizon. It means that this
behavior includes only one investment horizon (which is the same for all investors)
ignoring everything that might happen beyond it, since the shape of the return
distribution generally differs for different investment horizons.

All investors have the opportunity of unlimited borrowing and lending at a common
risk-free rate. The variance and covariance of the risk-free asset with other assets
equals zero. Generally, treasury bills are taken as a proxy for the risk-free asset.

However this assumption ignores the fact that zero variance does not mean that the



)

6)

7)

risk-free asset is free of all risk such as inflation. It accepts the nominal value of
treasury bills.

All investors have homogeneuos expectations with regard to means, variances and
covariances of asset returns. This assumption suggests that all investors have the
same economic view of the world, particularly the prospects of each asset. All
investors use the same expected returns and covariances of asset returns to create
the efficient frontier and the optimal portfolio. Therefore, every investor faces the
same mean-variance efficient set. This assumption also requires that all investors
make their decision according to the same information.

There are no transaction costs on trade in securities and no taxes (or capital gains
and dividends are taxed at the same rates). It is assumed that there are no market
imperfections such as transaction costs. This assumption makes it possible to
arbitrage assets, which are mispriced by transaction costs in reality, and therefore
leading prices to equilibrium. The assumption with regard to taxes is made due to
the fact that investors have different tax brackets, which making them to choose
different assets to invest in. Tax rates differ according to the type of income such as
dividends, capital gains or interest.

All investors are price-takers meaning that the portfolio choices and transaction
scales of individual investors do not noticeably affect the asset prices. So, it is
assumed that the market is perfectly competitive as there is a large number of
investors, each with wealth that is small compared to the total market value of

capital assets.

Certainly, these assumptions ignore many market imperfections and world comlexities.
There are many empirical tests of the CAPM made by researchers by relaxing one or more

of these assumptions, which have become a subject of considerable theoretical debates.

The implications of these assumptions provide the basis of the CAPM theory. The most
important CAPM implications are as follows:

In equilibrium, all investors will choose to hold the market portfolio of risky assets
irrespective of their risk preferences. Notice, that the market portfolio includes all

risky assets traded. Obviously, different investors hold different portfolios,



combinations of which in total form the market protfolio plus the risk-free assets.
This issue is called as the separation principle.

e The risk of every individual security is defined by its covariance with market
portfolio, as all investors hold the market portfolio. So, the remaining non-
systematic risk is diversified away. The only systematic or market risk is taken into
account. A standardised measure of covariance with the market portfolio is known
as beta coefficient of the asset. Beta measures the extent to which asset return and
market return move together. Beta is the proper measure of risk for individual
assets and portfolios regardless of whether these portfolio are efficient or not. Yet,
the risk of efficient portfolios can be measured by beta or variance (or standard
deviation). The inefficient portfolios risk can be measured only by beta, which is
defined as:

_ Cov(R:Ryn)

Var Ry 1)

e Since non-systematik risk is diversified away, the return on investor’s portfolios is
affected only by systematic risk (as measured by beta), which must be compensated
to investors. The security market line (SML) explains this issue by showing the

relationship between expected return and beta of the asset or portfolio.
2.2 The Capital Market Line (CML)

One of the properties of CML is the availability of risk-free asset and assumption that the
investors can borrow and lend unlimited amount at a risk free rate R;. Thus, investors have
the opportunity to construct their portfolios using risky assets and risk-free assets. The
weights of risky and risk-free assets in the portfolio depend on the investor’s risk-aversion
level. The expected return on a portfolio R, thus:

E(Ry) = WR; + (1-W) E(Rn) 22)
where R,, is the market return (return on the market portfolio of risky assets) and W is the
weight of risk-free assets in the portfolio, therefore (1-#) is the proportion of risky assets
in the portfolio. Using lending and borrowing at the risk-free rate, investors face the low
return when lending, the high return when borrowing, and the middle return when
investing only in risky assets (Sharpe, Alexander and Bailey, 1999). In other words,



lending decreases expected return on a portfolio while borrowing increases expected
return, as it is clearly seen on the Figure 1 representing the CML.

E(Ry) 4

A

CML

Expected Return

v

Om
Standard Deviation

Figure 2.1 The Capital Market Line
Source: Farrell, J., (1997), Portfolio Management

The Ry M part of the CML represents all portfolios consisting from market portfolio M and
risk-free lending. The MA part of the CML shows combinations of risky assets and
borrowed funds at risk-free rate. Obviously, portfolios located on the M4 line, earn a
higher return than those portfolios located on the Ry M fragment. So, the CML perpesents
all possible alternative portfolios constructed from risky assets of portfolio M and risk-free

'lending and borrowing.

The BMC curve represents the frontier for inefficient portfolios except portfolio M.
Portfolios allocated on the BMC curve become inefficient due to the fact that portfolios
plotted on the CML offer higher return than those on the BMC line at the same level of
risk. Any coﬁbination along the CML (except portfolio M) is superior to any combination
of risky assets alone. The investors will, therefore, prefer to invest in portfolios allocated

on the CML constructing them from risk-free assets or loans and the portfolio M.

The portfolio containing all risky assets represented by the market portfolio M, which is
the tangency point of efficient frontier to the CML on the figure, consists of all investors’
portfolios, i.e. all investors share the market portfolio. It is a result of the CAPM



assumption of homogeneous expectations of investors. Since, all investors attemt to
optimize their personal portfolios, each investor will choose the same market portfolio,
which has the optimal weights of all risky assets (Ross, Westerfield and Jaffe, 2001). If one
security was not included in the market portfolio, it would mean that there is no demand on
that security, thus, it’s price would be zero or the price would be declinig until it reaches
the price which will be attractive for investors to hold that security in their portfolios. So,
this price adjustment leads to the fact that all securities are included in the market portfolio.

The market portfolio is the only portfolio on the CML consisting from risky assets. All
other portfolios on the CML include risk-free assets or risk-free loans. Therefore, the CML

equation is presented by the risk-free rate and the return on market porfolio:

E(Rm) - Rf
ERy)-R=——"",

Om (2.3)
The CML formula shows that for a portfolio to be located on the CML, the expected return
in excess of the risk-free rate must be proportional to the standard deviation of that

portfolio, G,. The slope of the CAPM is the market price of risk and signifies the rate, at

which investors will be compensated fo

To summarize, the CML provides the required risk premium for any porfolio plotted on the
CML comprising the risk-free asset and the market portfolio. In other words, the CML
shows  the risk-return relationship and the appropriate measure of risk for an efficient
portfolio, which is the standard deviation of portfolio’s return (Farrell, 1997). The CML
aslo indicates that the risk-return relationship is linear. So, the CML gives the explantation
of risk premius of the portfolios. However, there exists another issue. It is the relationship
between the eXpected return of a particiler security and the expected return on the

portfolio. This explanation is provided by the characteristic line.
2.3 The Characteristic Line
Since the specific (non-systematic) risk can be diversified away by constructing of a

portfolio, investors require to be rewarded only for bearing a systematic (market ) risk. The

systematic risk provides the extent to which the expected return on individual security



varies with expected return on the market. The extent of this co-movement is provided by

the characteristic line.
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Figure 2.2 The Characteristic Line
Source: Levy and Post, (2005), Investments

As it is shown on the Figure 2 the characteristic line’s slope relates the expected return on
the security E(R;) to the expected retufn on the market portfolio E(R,,). The line 1 shows
that for every percentage point increase in the expected return on the market portfolio, for
example from X; to X>, the expected return on the security 7 rises by the same percentage
form Y; to Y,, meaning that the slope of the line equals 1, which represents the beta |
coefficient ;. Beta indicates how the return on the security i responds to a given variation
in the market return. It measures the systematic risk of an asset with regard to the market
. portfolio. Beta coefficient is defined as the ratio of the security’s covariance of return with

the market Cov(R;Rn) to the variance of the market Var(R,,) and is calculated as follows:
_ CovRBw)  DiwOOm  _ PimSi

Var (Rn) GmOm Onm

(2.4)
Beta coefficient depends on the correlation coefficient between security i and market, and
the standard deviations of the security and market. So, if beta equals 1 the characteristic

line will be neutral, as it is seen form the Figure 2. The line 2 represents an aggressive



security since its beta equals 2, meaning that securities with a beta greater than 1 have
more risk than the market. The line 3 has a beta lower than 1, thus it has less risk than

market and referred to as defensive securities (Levy and Post, 2005).

However, in reality, it is not possible to know or calculate correct betas and expected
returns, since nobody knows what will be the return on assets. Thus, beta measurement
cannot be done ex-ante. Therefore, beta is generally calculated using historical returns on
securities, i.e. ex-post observations. The ex-post returns on assets considered to be the
indicator of the future asset returns. Using the past data of asset returns for the long period
it is possible to calculate the average return on security, market return and beta, which will
be the approximate measures in defining future outcomes. A regression line (characteristic
line) represents a set of past relationships. It is defined as follows:

Ri=a;+fiRnte; 2.4
where the alpha parameter @; is the intercept of the regressoin line, which indicates the
return on the security 7 in the case of market return equals zero. It shows the return on the
security with regard to the market or systematic risk. Consequently, it indicates what return
the security offers for unsystematic risk. The positive alpha represents the excess return on
the security and the negative alpha — the negative return. Sometimes alpha is called the
abnormal return because it has an economic meaning as the measure of return in excess of
the risk-adjusted return. The e; parameter is the deviation from the line, called random or
residual return. It represents the unexpected return arising from influences not determined
by the model. According the the type and scale of influence the residual return may take
any value. It depends on the number of observations. The bigger the number of
observations, the smaller the residual return value. Thus this random return has the mean

. 2 . 2 . .
E(e;) = 0 and variance G .. Variance G ., represents the unsystematic risk or non-market

risk of the security. Since the CAPM considers the ‘general market effect ° as the
“systematic effect’ only, which influences return on securities, then if market effect will be
removed from the security, there should be no significant correlation between securities

(Farrel, 1997). Therefore, the residual returns are uncorrelated between securities.

The additional point in the explanation of risk premium is how the securities in portfolios

are valued. It is given by the Security Market Line.

10



2.4 The Security Market Line (SML)

The CAPM suggests that only market risk is relevant in assessing the requred risk
premiums for individual securities and portfolios, which is measured by beta coefficient
reflecting the sensitivity of the return on securities to movements in the market return (Pike
and Neale, 1999). On the other hand, the volume of the risk premium on individual
securities or portfolios depends on the correlation of security or portfolio with the market.
If a security is prefectly correlated with the market, the risk premium for the market would
be appropriate for that security, otherwise the required return depends on beta, which is
explaned by the SML. The CAPM supposes that when the efficient capital market is in
equilibrium, i.e. all secutities are accurately priced, the relationship between risk and return
is given by the SML. The SML is commonly used as a means of testing the CAPM. It is

the direct analog of the single-index model, which is the statistical model for representing a

return-generating process.

E(R)
A

£
g
§ E(Rm)
g
6]
Ry

ﬂ =1 Beta

Figure 2.3 The Security Market Line
Source: Farrell, J., (1997), Portfolio Management

The SML equation shows that the required return on securities consists of the return on a

risk-free asset and a premium for risk related to the market’s own risk premium, which

varies with regard to the beta of the security:

11



ER) = Ry + Bi [E(Rn) - R]] (2.5)

The risk premium [E(R;) - Rf is equal to the market risk premium [E(R») - R4 multiplied
by the beta of security. Since [E(R») - R/ is greater than zero because investors require a
positive risk premium, the greater the beta the higher the risk and thus the required risk
premium. For example, if beta equals 1, the requred return will then equal the average
return for all securities (the return on the market portfolio), otherwise, the higher the beta,
the higher the risk premium and the total requred return. However, a relatively high beta
does not guaratnee a relatively high return. The actual return depends partly on the
behaviour of the market, which operates as a proxy for general economic factors, the same
way as the expected returns for the individual security depends on the expected return for
the market (Myers, 2003). In rising market it is worth to hold a high beta securities or
aggressive securities, which are allocated on the A4 segment of the SML of the Figure 3,
while defensive securities, which are allocated on the R\ segment of the SML, offer some
protection against falling market. Nevetheless, holding a single high beta security is risky,
even on a rising market. Undiversified portfoilos of investments, whatever their beta
values, are subject of specific risk factors. Therefore, portfolio construction is very

important to eliminate the unique risks of individual securities.

The SML follows from the fact that the market portfolio is allocated on the efficient
frontier. In order for the market portfolio to be mean-variance efficient, the securities
should be positioned on the SML. If at least one asset lies above or below the SML, then
the market considered to be inefficient. In other words, the SML provides a necessary and
sufficient condition for mean-variance efficiency of the market portfolio (Pike and Neale,
1999). It shows whether the security is overpriced or underpriced according to its beta. For
example, if security has beta, which equals zero, then E(R;) = Ry, which means that the
return of the security with no systematic risk equals the risk-free rate. If beta equals 1, then
E(R;) = E(R,,) meaning than the price of security varies in tandem with the market and thus
the security has the same market risk as the market yielding the same rate of return as the
market portfolio. Securities with beta higher than 1 (aggressive securities) have more
systematic risk that the market portfolio. It means that, in equilibrium, the aggressive
securities will have a higher expected return than the market. The defensive securities with

beta lower than 1, have smaller expected return than the market. There are also assets with
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negative beta. Since the most assets have a positive betas, the assets with negative betas are
very uncommon. However, the negative beta can be obtained by short-selling and using
derivative securities. According to the SML, the assets with negative beta have the
expected return lower than riskless asset Ry . These securities can only be used as the part
of portfolio to reduce the risk of portfolio and stabilise its return. So, the SML can also be

used for assets with negative betas.
2.5 The Relationship between the CML and the SML

The SML represents the relationship between expected return and beta and the CML in
turn provides the relationship between expected return and standard deviation. Both, beta
and standard deviation are measures of risk. However, the SML differs from CML, as the
SML applies to all individual assets or .portfolios, regardless of whether they are efficient.
On the contrary, the CML applies only for efficient portfolios. Since investors do not
require a compensation for non-systematic risk, the CML does not apply to individual
assets or portfolios which are inefficient (Levy and Post, 2005). The variance of the asset,

which consists of the market risk and non-market risk, can be explained as:
Gzi =.Bzi sz + csze,- (2.6)

where the first component £ 6°,, is the company’s systematic risk (market risk), which
provides the asset’s variance that is relevant to overall market volatility, and the second
component Gzel. is the company’s non-market risk, which provides the asset’s variance that
is not relevant to the market. According to this equation beta will be equal:
B =N(C'; - 67,)/C"m @.7)
Replacing beta in the SML equation gives the following:
E(R) =R; + [EQRm) - RAXN(S"; - 0% )"
Since efficient portfolios do not have non-market risk then O'Zei = 0, and therefore the above
equation reduces to the CML:

E(Rn) - Ry

ER) = R+ —
Om (2.8)
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So, the efficient portfolio includes only systematic risk G’ p= ,/)’2 D G’ , 8S Gzei = (. Thus the

risk can be measured by beta (SML) or by variance or standard deviation (CML).

However, it is not applicable for inefficient portfolios since Gze,. > 0. In this case only the

SML applies.

Inefficient portfolios, which lie below the CML, have non-systematic risk that is measured
by the distance between those inefficient portfolios and CML. Certainly, such deviations
from the CML do not imply that the market is in disquilebrium. It only means that the
assets are inefficient and the investor should not hold them in isolation. The equilibrium
status of the market can be determined by checking whether all assets lie on the SML
rather than the CML. In equilibrium all assets lie on the SML and below CML.

2.6 Testing the CAPM

To summarize all above-mentioned theoretical issues, the CAPM can be defined as the
financial theory that describes the relationship between an asset’s market risk and its
expected return. To test this definition many empirical tests of the CAPM have been
conducted by researchers. Majority of those empirical tests on the CAPM follow the
methodology pioneered by Black, Jensen and Scholes (1972) and Fama and MacBeth
(1973), referred to as the “traditional approach”. Under this method, the data set is divided
into two: the estimation and the testing periods. In the estimation period, the beta is
estimated by running a regression of realized returns of an asset against market returns,
which is also called as time series test or the first-pass regression. Then the resulting beta
of the first regression is used to proxy for the true beta of the asset and is regressed against
the excess return of the asset in the testing period. This second stage is also reffered to as
cross-sectional test or second-pass regression.

Generally, this regression takes the following form:
Ry- Rp=yo + )}Uﬁ-i + 2.9)
where the left-hand side is the return of the asset in excess of the risk-free rate and £; is the
estimated beta from the first regression. The most crucial feature of this method is its test
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of hypothesis whereby it specifies that if 7, is insignificantly different from zero, then the
CAPM is taken to be rejected. This simplicity explains its popularity among researchers.

Althought substantial criticism has already been raised in the early years of the CAPM and
the Arbitrage Pricing Theory has been developed as an alternative equlibrium model (Roll,
1977), the CAPM remains popular. This may at least partially be due to the fact that early
empirical tests (Black et.al., 1972, Fama and McBeth 1973) found support for the model in
its original form or in the zero beta version of the model developed by Black and Fischer
(1972). Roll’s critique, however, indicates the significant objectional points with regard to
the CAMP. Firstly, he argues that the only test of the CAPM is whether the market
portfolio is mean-variance efficient. He says that the CAPM will always hold if the market
proxy that is used is mean-variance efficient. If the proxy is not mean-variance efficient,
the relationship between expected return and risk will not hold. Secondly, Roll points out
that, since the market portfolio is not identifiable, the CAPM cannot be really tested as the
market proxies that are used do not include all assets such as real estate, human capital
e.t.c, which are not possible to measure. In addition, it was indicated that if asset’s
performance is measured relative to an index that is ex-post efficient, then from the
mathematics of efficient sets, no security will have abnormal performance when measured
as a departure from the SML. Conversely, if performance is measured relative to an ex-
post inefficient index, then any ranking of portfolio performance is possible, depending on
which inefficient index has been chosen. So, Roll concludes that the CAPM is useless
because it is not feasible. Roll instead advocates the use of the Arbitrage Pricing Theory.
However, perhaps the usefulness bf the Roll’s critique is reminding us that if we find that
the CAPM tests do not hold, then the so-called “market” (or really market proxy) is not

mean-variance efficient.

Regardless Roll’s critique many empirical tests have been done since then, resulting in
rejection of the CAPM as well as supporting it. Among studies rejecting the model, Fama
and French (1992) gained the most prominence since it was able to cast the strongest doubt
on the model’s ability to predict the relationship between beta risk and return. Rather than
attributing asset returns to beta as specified in the CAPM, their study found that firm size

and the book-to-market equity ratio are far superior in explaining asset returns. This result



is against the CAPM hypothesis. This study also produces a controversial finding on the
validity of CAPM: first, as the main model in investigating the relationship beta-return;
and second, the beta role in explaining financial asset return. This was widely reported in
the financial press as the death of beta. (The detailed overview of this paper is presented
below). Other studies related to static CAPM are reported in Banz (1981), Reinganum
(1981), Gibbons (1982), Basu (1983), Chan, Chen and Hsieh (1985), Shaken (1985),
Bhandari (1988) and Jagannathan and Wang ZhengYu (1996). They have found that the
static CAPM is unable to explain the cross-sectional variation of average returns. Tinic and
West (1984) found that January has a larger risk premium than the other months and
further that the significant risk-return relation only exists in January. When data for the
January months are excluded, the estimates of risk premiums are not significantly different
from zero, casting serious doubt on the validity of CAPM. Lakonishok and Shapiro (1984)
examined the monthly returns of all stocks traded on the New York Stock Exchange for at
least four years between 1962 and 1980. They have found that return on individual security
is not specifically related to its beta, but is significantly related to the market capitalization
values. Lakonishok and Shapiro (1986) updated their analysis to 1981 and included firm
size to help explain average portfolio returns. They have concluded that the traditional
(beta) as well as the alternative (residual Standard deviation) risk measure still cannot

explain the cross-sectional variation in returns, only size can significantly explain it.

Nevertheless, Pettengill, Sundaram and Mathur (1995) make a successful attempt to
explain the weaknesses of flat relationship between beta and return. They employ the
conditional CAPM between beta and return in up-market and down market. The result
finds that the positive relationship between beta and return during up-market and negative
relationship during down market. This result supports the continued importance of beta as
a measure of market risk. It is followed by Jagannathan and Wang (1996) and Fletcher
(2000) who examine the relationship between beta and returns in international stock
returns using the model of Pettengill et al (1995). The aim of these studies is to determine
whether beta has a role to play in explaining cross-sectional differences in country index
returns. These studies support the model proposed by Pettengill et al (1995). In up market
months, there is a significant positive relationship between beta and return. In down market

months, there is a significant negative relationship between beta and return. In addition, the



relationship is symmetric between up market and down market months. A related study on
the conditional CAPM has also been done by Hodoshima, Gomez and Kunimura (2000)
that investigate the relationship between beta and return in Nikkei stock market. The result
shows the significant conditional relationship between beta and return. (The detailed

overview of these papers are presented below).
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3. EARLIER EMPIRICAL STUDIES IN TESTING THE CAPM

One of the earliest empirical studies of the CAPM is that of Black, Jensen, and Scholes
(1972). They have found that the data are consistent with the predictions of the CAPM,
given the fact that the CAPM is an approximation to reality just like any other model.
Black, Jensen, and Scholes (1972) have used all NYSE stocks during 193165 to form 10
portfolios with different historical beta estimates. They have used the time-series method
with the realized returns to test the following equation Ry = a; + SR + &, If the CAPM is
valid then the intercept a; should equal zero. They argue that cross-sectional test can be
misleading because of the process structure which appears to be generating the data. They
belive that time series test is more powerfull since it is free of the difficutlies associated
with cross-sectional methods. However, they have conducted the cross-sectional test too.
So, the time series test starts with regression of average monthly excess returns on beta.
The 30-day T-bill rate has been used as the risk-free asset. To avoid an aggregation
problem the tests have been run on grouped data. That is, they have formed portfolios of
securities and estimated the average return and average beta for these portfolios. In order to
avoid the selection bias problem in the ranking procedure, the data from subsequent time
period have been used to estimate the porfolio risk. This ranking process is independent of
the measurement errors in beta of individual securities. The coefficient beta has been
estimated for the five-year periods and then grouped into 10 portfolios in accordance with
the beta rakning from high to low (first portfolio contains high betas, last portfolio — low
betas). The average monthly excess return on the market proxy used in the study is 1.42
percent. The estimated slope for the resulting regression line is 1.08 percent instead of 1.42
percent as predicted by the CAPM. The estimated intercept is 0.519 percent instead of zero
as predicted by the CAPM. The t-statistics that Black, Jensen, and Scholes report indicate
that the slope and the intercept of their regression line are significantly different from their
theoretical values. Test results show that high-beta securities had negative intercepts and
low-beta securities had positive intercepts. Thus the high-risk securities earned less and
low-risk securities earned more on-average over 35-year period than the amount predicted
by CAPM. The second cross-sectional test indicates that the relation between mean returns
and beta of portfolios is linear. However, the intercept and slope of the cross-sectional

relation varied over subperiods. This does not necessarily mean that the data do not
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support the CAPM. As Black (1972, 1993) has pointed out, these results can be explained
in two plausible ways. One is measurement and model specification error that arises due to
the use of a proxy instead of the actual market portfolio. This error biases the regression
line’s estimated slope toward zero and its estimated intercept away from zero. The other
plausible explanation is simpler: if no risk-free asset exists, then the CAPM does not
predict an intercept of zero. In fact, Black, Jensen, and Scholes have concluded that the
data are consistent with Black’s (1972) version of the model ER; = ER, + (ER.-ER,) ;.

Another classic empirical study of the CAPM is by Fama and MacBeth (1973). They
examine whether there is a positive linear relation between the average return and beta and
whether the squared value of beta and the volatility of the return on an asset can explain
the residual variation in average returns across assets that is not explained by beta alone.
The test has been conducted using monthly return data (including dividends and capital
gains) for all common stocks traded on the New York Stock Exchange for the period from
1926 to 1968. As a proxy for the market index, “Fisher’s Arithmethic Index”, i.e. an
equally weighted average of the returns on all stocks listed on the NYSE has been used.
Since using portfolios rather than individual securities in the CAPM tests causes the loss of
information, in order to avoid it a wide range of values of estimated portfolio betas have
been obtained by forming portfolios on the basis of ranked beta values for individual
securities. Then to minimize the regression phenomenon, when in a cross-section of betas,
high observed estimated betas are above the true betas and the low observed estimated
betas are below the true ones, the betas for formed portfolios have been estimated using the
subsequent period data. So, using the first 4 years (1926-29) of monthly returns 20
portfolios have been formed. The following 5 year-period data (1930-34) has been used to
recalculate stock’s betas and portfolio betas to start the test. Portfolio betas has been
calculated as a simple average of individual securities included in the portfolio for the
following 4 years (1935-38). This process has been repeated monthly to adjust portfolio
betas to allow for delisting of securities. So, using the returns on the 20 portfolios for that
4-year subperiod (1935-38) the following cross-sectional regression has been run for each
month of the subperiod: Rpr = $or + Y1 Pt + P /)’2,,,,_, + DutSpea(€) + Mt

where P, P1e, Y, Y5 are the stochastic coefficients, s(e;) is the standard deviation of the

least-squares residuals ¢, The results from this regression, i.e. the time series month by
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month values of regression coefficients are the inputs for the 4-year subperiod (1935-38)
test. The regressions have been run for every subperiod. More precisely, there are nine
overlapping portfolio formation periods. After every portfolio formation period there is a
initial estimation period and then testing period. The t-statistics for testing the hypothesis
that y;; = 0 has also been done. The test results show that the values support the conclusion

that on average there is a positive relationship between risk and return.

The work of Pettengill, Sundaram and Mathur (1995) tests the conditional relationship
between beta and returns. They argue that the validity of Sharpe-Lintner-Black model has
not been directly tested since the previous tests made by other researchers use realised
returns instead of expected returns, and the model does not show a direct relationship
between portfolio betas and portfolio returns when the realized market return is less than
the risk-free return reasoning in the fact that returns for high beta portfolios are less than
return for low beta portfolios. Pettengill, Sundaram and Mathur consider these as the main
reason of finding negative results or weak and inconsistent relationship between beta and
returns in the previous tests. They say that testing results of Fama and MacBeth are
positive because of relationship between beta and returns of tested period are positive on
average. Pettengill, Sundaram and Mathur have analyzed months with positive and
negative market risk premiums separately A monthly comparison of the CRSP index (as
the market proxy) and the 90-day T-bill rates (as a measure of the risk-free rate) over the
period 1936 throught 1990 has been made by Pettengill et al.. The resutls show that the T-
bill rate ecxeeds the market return in 280 out of 660 total observations. It has been
concluded that the existence of a large number of negative market return periods show that
previous tests for unconditional positive relationship between beta and returns are biased
against finding a systematic relationship. So, they have conducted two tests: 1) test of a
systematic, conditional relationship between betas and realized returns; 2) test of a positive
long-run tradeoff relationship between beta and return. The period from 1926 to 1990 has
been taken as the sample period of the test. The CRSP equally-weighted index has been
taken as a proxy for the market index. Monthly returns for securities and CRSP index
returns data have been collected from the CRSP monthly databases. The three-month
Treasury bill rates have been taken as the measure of the risk-free rate. Firstly, to test a

systematic, conditional relationship between betas and returns Pettengill, Sundaram and
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Mathur have used a modified version of the three-step portfolio method of Fama and
Macbeth (1973). The sample period has been divided into 15-year subperiods, which then
has been divided into a portfolio formation period, a portfolio beta estimation period, and a
test peroid of a five years each. Betas have been estimated for each security by regressing
the security's return against the market return. Securities have been equally divided into 20
portfolios according to the estimated beta rankings (securities with lowest betas have been
placed in the first portfolio, securities with the highest betas — in the last portfolio).
Portfolio betas have been estimated by regressing portfolio returns against the market
returns. The third step has been modified taking into consideration the conditional nature
of the relationship between beta and returns. The regression coefficients from the
following equation have been examined: Ry = Jo; + V1: *0 * i + I *(1-6) *Bi + & .
where 6 = 1, if (R — Rs) > 0 (when market excess returns are positive) and ¢ =0, if (R, —
Rg) < 0 (when market excess returns are negative). This equation has been tested for each
month of the test period by calculating y; or y, depending on the sign of market returns.
Secondly, to test a positive long-run tradeoff relationship between beta and return a
standart t-test has been used in order to determine if the market returns are, on average,
positive. For symmetry test the risk premiums p; (for up market — market with positive
return) and J, (for down market — market with negative return) have been compared with
some sign and mean value adjustmens. The empirical results of the above-mentioned tests
provide strong support for a systematic but conditional relationship between beta and
realized returns. The results of traditional (unconditional test) shows the significant
relationship between beta and returns for the total sample period 1936-1990, but not for the
subperiods 1951-1970 and 1971-1990. The results of conditional test shows that there is a
positive relationship between beta and returns during periods with a positive market returns
and an inverse (negative) relationship during periods with a negative market returns. That
is for periods with negative market return high beta portfolios have lower returns than low
beta portfolios. These findings are hold for each subperiod and across all months in a year.
The results of positive long-run tradeoff test indicate a significant positive reward for
holding market risk during the overall sample period, which has been found having on
average a positive excess return. Also the strong consistency in the relation between beta
and return and symmetry in the risk premium in up and down markets have been found

during the observations.
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Jagannathan and Wang (1996) tested the static CAPM assuming that betas do not remain
constant over time and including the human capital when measuring the return on
aggregate wealth. They argued that two assumptions of the CAPM that betas of assets
remain constant over time and that the return on stocks measures the return on the
aggregate wealth portfolio, are unreasonable. Jagannathan and Wang have conducted the
conditional test of the CAPM relaxing the assumption that betas remain constant over time
allowing betas vary over time. In order to use the better proxy for return on market
portfolio they have constructed the model with three betas. They have used the returns on
US stocks listed on the NYSE and AMEX for the period of 1962-1990. Using Fama and
French (1992) approach 100 portfolios have been created. For every calendar year, starting
from 1963, all firms have been sorted into size deciles according to their market values.
Then for each size decile betas for each firm have been estimated using past return data
and CRSP value-weighted index as the market proxy. The next step was sorting firms
within each sixe decile into beta deciles according to their beta estimates. Then the return
on each of 100 portfolios has been calculated for the next 12-month period. This procedure
has been repeated fot the each calendar year to obtain a time-series of monthly returns for
1963-1990 years for 100 portfolios. Using this return data, the traditional CAPM
specification has been examined, resulting in the fact, that the strong size effect suggests
that the conventional specification of the CAPM is inconsistent with the data. With regard
to the human capital, the authors have argued that there is an important difference between
human capital and other physycal assets owned by firms, paying attention that the entire
cash flow coming from the use of the physical assets used by firms is promised away by
issuing financial securities. However, for the human capital only a portion of the labor
income is secured by issuing mortgages. Thus, it has been concluded that the factors
affecting the return on human capital cannot be identifeid by examining returns on
mortgages and other finacial assets. Therefore, the return on human capital has been
assumed to be an exact linear function of the growth rate in per capita labor income. So,
the main model has been developed including the return on the market porfolio and the
growth rate per capita labor income. In order to visually compare the performance of the
different specifications, the fitted expected return, which has been computed by using the

estimated parameter values in a mode] specification, has been plotted against the realized
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average return. Then it has been shown that when the CAPM holds in a conditional sense
(i.e. expected returns and betas vary over time in systematic manner), unconditional
expected returns on assets are linear in the average beta and a measure of beta instability
over time. It is also has been noticed that when betas remain constant over time, the model
collapses to the familiar static CAPM. Jagannathan and Wang have demonstrated that the
empirical support for their conditional CAPM specification is strong, and when betas and
expected returns are allowed to vary over time by assuming that the CAPM holds period
by period. The size effect and the statistical rejections of the model specifications become
much weaker. Although the conditional model performed better than the static model, the
authors advocated causion in interpreting these results as strong support for the conditional
CAPM, explaining it by the inherent word dinamism, which might need another missing
explanatory variables in the static model. So, due to the fact that the model might be
inaccurate it has been concluded that the CAPM, like any other model, is only an

approximation of reality.

The paper of Fletcher (1997) tests the conditional cross-sectional relationship between beta
and return using Pettengill et al. (1995) approach and the role of size in UK stock market.
The test covers the period of 1975-1994. The 30-day UK Treasury Bill monthly returns
have been used as a risk-free rate. The return on the FTA Index (Financial Times All Share
Index) and EWI (equally-weighted index) have been used as the market proxy. First, the
relationship between portfolio beta and size and the monthly returns of the 100 size-beta
portfolios have been tested without separationg up markets and down markets. The betas of
the portfolios have been estimated for the full period of 1975-1994 with respect to the FTA
and EWI proxies. Betas have been estimated from the regression model of Fama and
MacBeth (1973). Then cross-sectional regression, estimated by Ordinary Least Squares has
been run each month. That regression equation has also been used to test the size effect by
including the additional size variable. For the conditonal CAPM test the sample period has
been divided into up market months and down market months. The sample period has been
divided into two ten-year sub-periods. All securities have been ranked on the basis of
market value and grouped into 10 portfolios in ascending order. Within each size decile,
the beta of the security has been estimated from the regression of the security return on a

constant and the return on the FTA Index using past data over the previous 36 to 60
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months. Equally-weighted returns have been calculated each month on the 100 portfolios
over the subsequent year. This procedure has been repeated for each year. The monthly
risk premiums have been splitted the into two subsamples: with positive market return and
with negative market return. The test results show that there are a substantial number of
down market months over the sample period, and in periods of up market months, there is
a significant positive relationship between beta and return, where high beta portfolios
received higher returns than low beta portfolios. In periods of down-markets, the results
show that there is a significant negative relationship between beta and return where, high
beta portfolios earned a lower return than low beta portfolios. In fact, it has been found that
in a majority of the size deciles, the low beta portfolios had a higher mean returns than the
high beta portfolios and that there is no significant positive risk premium on beta in UK
stock market. The test results indicate that the relationship is stronger in down market
months than up market months. As for the symmetry of the relationship between beta and
returns in up market and down market months, it has been found that this relationship is
unsymmetrical. It has also been found that there is little support for size effect on returns in
UK stock market. In general, the evidence within the paper shoes that there is a conditional
relationship between beta and returns in UK stock market. Fletcher has concluded that beta

may still play a useful role for portfolio managers.

The aim of the Hodoshima, Garza—Go 'mez, and Kunimura’s work (2000) is to examine the
relationship between beta and returns in the Japaneee stock market. They have supported
the idea of Pettengill et al. (1995) and found that data are better explained by making a
distinction between positive and negative market excess returns. In addition to the
Pettengill et al. (1995) approach they have also analyzed a model including as explanatory
variables, size, and book to market equity ratio, which Fama and French (1992) examined.
They have compared different relationships based on summary statistics of goodness of fit
and tested results obtained from the cross-sectional regression method. The test results
show a positive conditional relationship between beta and returns in up market, which is
offsetting a negative conditional relationship between return and beta in down market,
resulting in the absence of any unconditional relation between beta and returns. Monthly
stock returns listed on the first section of the Tokyo Stock Exchange (TSE) for the period
of January 1956-December 1995 have been used in the study. Monthly average of the
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next day call money rates with collateral, taken from the Nikkei database have been used
as the risk free rate. As the Proxy of market return Hodoshima, Garza~Go 'mez, and
Kunimura have used two indexes: a value weighted index (VWI), provided by the Japanese
Securities Research Institute (JSRI) for all the firms listed on the first section of the TSE,
and an equally weighted index (EWI) of all the firms in the sample. The EWI has been
used for small stocks and the VWI — for nonmanufacturing sector and financial sector. This
has been explained by the fact that EWI gives a better description for small stocks and
VWI is more influenced by nonmanufacturing sector and financial sector. 20 portfolios of
stocks based on the ranking of the betas have been constructed. Then they have been re-
estimated, using the next two years data and beta for each portfolio by the average of re-
estimated betas of the stocks for that portfolio. In the next step the stocks have been
assigned to the portfolios formed in the beginning and the portfolio return have been
obtained by averaging returns of the stocks for each portfolio. They have used two years
data to construct portfolios and two years data to estimate betas of the portfolios. To test
the conditional CAPM the cross-sectional regression has been used and cross-sectional
regression method of Fama and MacBeth (1973) has been used to test the unconditional
CAPM. Hodoshima, Garza—Go'mez, and Kunimura have obtained the following test
results: about 40% of monthly observations of the Japanese stock market excess return
consist of negative returns; there exist positive and negative linear relationships between
beta and returns in up market and down market; the conditional relationship is in general
‘better fit in the down market than in the up market in terms of the goodness of fit measures
given by given by the R? and standard error; beta and book to market equity ratio is not
significant, while the size is significant with a negative coefficient in the unconditional
CAPM test and conversely — in conditional CAPM test. It has been concluded that it is
appropriate to differentiate the returns into up and down markets for the relevance of beta,
although the same does not apply to other explanatory variables as the size and book to
market equity ratio, and that beta is a suitable measure of risk to explain return in the

conditional relationship.
Shakrani and Ismail (2001) have tested the conditional CAPM for Islamic unit trusts in

Malaysia. They have found a flat unconditional relationship between beta and returns as a

result of test conducted without separating positive and negative market excess return. The
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results with significant positive relationship between beta and returns have been found
using the conditional CAPM test. The results of cross-sectional regression analysis show a
positive relationship between beta and returns in up market and a negative — in down
market. Moreover, it has been found that the relationship between beta and returns is
higher in down market. The test has been conducted adopting the Pettengill et al. (1995)
approach using the same cross-sectional regression method but with returns on Islamic unit
trusts and taking the inter bank rate for 1 month as a risk free rate, and syariah index —as a
proxy of market index. To evaluate the difference in the relationship between beta and
returns the statistics as t-test, adjusted R-squared and standard error have been used. The
conditional and unconditional tests have been conducted. First, the beta has been calculated
for each individual Islamic unit trust by estimating the unit trusts refurn as a function of
risk free rate and market excess return. Then, this estimated beta has been used for the
whole sample (Sample A), and two sub samples, i.e. Sample B (1 May 1999 — 23 June
2000) and Sample C (24 June 2000 — 31 July 2001). Second, the estimated beta has been
re-estimated for each Islamic unit trust using the average return of Islamic unit trusts.
Then, this average beta and average return has been estimated using the unconditional and
conditional relationship of the cross-sectional data. Summary statistics of syariah index has
showed 60 positive values and 58 negative values and the market excess return with
syariah index - 96 negative values and 22 positive values. The summary statistics of the
time series average and standard deviation of beta and return for Islamic unit trusts shows
the small positive average returns of below 1 for the market return. Standard deviations of
the market return and the market excess return also become smaller after separating up
markets from down markets. The cross-sectional regression (using the average return and
average beta) results show the weak relationship between beta and return for unconditional
test. On the contrary, the conditional test shows the positive results. So, the work of
Shakrani and Ismail support the conditional CAPM and it has been concluded that the beta
can be used as a measure of market risk to explain the cross-sectional differences in

Islamic unit trust returns.

The paper of Brennan, Wang and Xia (2002) presents the estimation and test of a simple
model of Intertemporal Capital Asset Pricing (ICAPM) and evaluation of the model ability

to account for the returns on portfolios sorted according to size and book-to-market ratio,
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as well as according to industry. The ICAPM suggests the pricing of risk, related to the
variation in investment opportunity set, limiting the number of state variables to be
considered to the two that are required to describe that set, i.e. ICAPM allows for time-
variation in the real interest rate and slope of the capital market line. Authors of this paper
refer to the ICAPM suggested by Merton (1973) and Fama and French (1995). The model
parameters and time series of the state variables have been estimated using data on eight
synthetic constant maturity zero coupon US Treasury bond yields and inflation rate
calculated from the CPI for the period of 1952- 2000. For cross sectional pricing tests the
returns on 25 size and book-to-market sorted value weighted portfolios, the CRSP value
weighted market portfolio and the nominal short interest rate for the same period have been
used. The time series of the state variables have Been estimated by using the model of
nominal bond yields in a Kalman filter, to extract the time series of the unbbservable state
variables from data on bond yields and inflation. In the simple ICAPM that has been
estimated, time variation in the instantaneous investment opportunity set is described by
the dynamics of the real interest rate and the maximum Sharpe ratio. It has been assumed
that “these two variables follow correlated Ornstein-Uhlenbeck processes; consequently,
the current values of these variables are sufficient statistics for all future investment
opportunities and are the only state variables that are priced in an ICAPM setting”. Firsly,
valuation model allowing for a stochastic interest rate and Sharpe ratio has been
constructed. Equation of the expected return on the asset and then Sharpe ratio have been
_estimated. Then the stochastic process equation for real cash flow expectation has been set.
In order to value nominal bonds the stochastic process for the price level has been
specified. Second, by specializing the estimateed pricing model (so that the innovation in
the pricing kernel is an linear function of the market return and the innovations in
stochastic interest rate and Sharpe ratio), a specific version of the ICAPM has been
obtained. It has been indicated that the returns on Fama-French hedge portfolios are
correlated with the innovations in state variables. In order to estimate the risk premia on
the Fama-French hedge portfolios that are implied by simple ICAPM two separate
approaches heve been used: a pricing kernel based approach, which uses the pricing kernel
coefficients that have been estimated from the bond yield data and a tracking portfolio
approach, which uses portfolios of equities that have maximum correlation with the

estimated innovations. Finally, the ability of the Fama-French hedge portfolios and the
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tracking portfolios to explain the returns on 25 size and booktomarket sorted portfolios
over the sample period has been compared. The tests using 30 industrial portfolios instead
of the size and booktomarket sorted portfolios have also been conducted. The overall
results of ICAPM test show that zero-coupon nominal bond yields are linearly related to
the state variables, the real interest rate, the Sharpe ratio and expected rate of inflation. The
estimated real interest rate and Sharpe ratio show strong business cycle related variation.
The Sharpe ratio has found to be related to the return on market portfolio and the level of
stock prices (measured by the mafket dividend yield) — to both the Sharpe ratio and real
interest rate estimates. These findings are consistent with the model predictions. The
results of formation of the size and book-to-market sorted portfolios, tracking the
innovations in the state variables show that risk premia on the Fama-French hedge
portfolios are explained by the ICAPM. The ICAPM is rejected only when the risk-free
interest rate is allowed to differ from the Treasury Bill rate. The results of tests using 30
industrial portfolios show that the model is not rejected using these returns, although both
the simple CAPM and the Fama-French model are rejected.

The studies of Elsas, El-Shaer and Theissen on beta and returns of German stock market
(2003) also provide a significant relationship between beta and returns. Their observations
are based on the Pettengill et al. (1995) method. In order to show how the resutls of Fama
and McBeth test change according to the conditional nature of the relationship between
beta and returns Elsas, El-Shaer and Theissen have conducted Monte Carlo simulations. In
order to empirically test the relationship between beta and returns they have used data from
the German stock market (1960-1995 years period). The results show the strong support of
relationship between beta and returns taking into account its conditional nature. Compared
to the unconditional test conducted by them, which result shows weak relation between
beta and returns, the adjusted (conditional) test provides totally positive results. As in the
test performed by Pettengill et al. (1995), the positive results have been also found in all
subperiod and in the total sample period by Elsas, El-Shaer and Theissen when testing the
German stock market. They argue that the previous tests made by other researchers on the
German stock market have the result of weak relationship between beta and returns
because of the periods with negative market returns. However, it has been mentioned that

modifying the test for conditional nature of the relationship between beta and returns does
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not resolve all problems (partually of econometric nature) with regard to the CAPM tests.
It has been also stressed that the advantage of conditional test is that the hypothesis of
relationship between beta and returns can be tested independently of the hypothesis of a
positive market returns. So, before the empirical test Elsas, El-Shaer and Theissen have
conducted Monte Carlo simulations. An artificial market, where the CAPM holds with
known parameters and the market portfolio is determined and is ex-ante efficient, has been
constructed. The results of two test procedure over the 1000 simulation runs indicate that
the traditional two-stage approach has a weak support of the relationship between beta and
returns rejecting the null hypothesis only in 177 out of 1000 cases, whereas the conditional
test rejects the null hypothesis in 985 out of 1000 cases. The methodology of empirical
analysis of Elsas, El-Shaer and Theissen is the same as Pettengill et al. The cross-sectional
regression separately made for up market and down market and the above-mentioned
equation of Pettengill et al. (1995) have been used in tests. The DAFOX index has been
used as a proxy of maket portfolio. The average rate for three months term deposits
(Deutsche Bundesnabk) has been used as a risk-free rate. Betas for each stock have been
estimated by regressing the time series of stock returns against the time series of the index
returns. As it is mentioned above the singnificant relationship between beta and returns has

been found when conducting the conditional test.

Pedro B. de Ocampo (2003) have tested in his work the CAPM in the Philippine stock
market using two methods: traditional approach of Fama and Macbeth (1972) and
Pettengill et al. (1995) method. The strong risk return trade-off has been found under the
conditional test of the CAPM. The modified three-step approach of Fama and Macbeth
with cross-sectional regression has been used to conduct the unconditional CAPM test and
the Pettengill et al. (1995) method has been used to conduct the conditional CAPM test.
The monthly share prices for 103 stocks listed in the Philippine Stock Exchange for the
period January 1992 to December 2002 have been used in the test. The 91-day Treasury-
Bill rate has been used as a risk-free rate and the Phisix index — as a proxy of market index.
The results of the traditional test, which show that the beta coefficient is insignificantly
different from zero having the incorrect sign and the intercept is significantly different
from zero, do not support the unconditional CAPM. However, as predicted by traditional
CAPM, the relationship between risk and return has been found to be linear. The results
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aslo show that factors other than beta do no affect returns. As for the conditional CAPM
test results, it has been found that there is a positive relationship between risk and return
where high beta stocks.earn higher returns in up market and a negative relationship
between risk and return where high beta stocks earn lower return in down market. The
conditional CAPM test results also confirm the linear relationship between beta and returns
and that factors other than beta do not affect returns. The risk-return relationship between
periods of positive and negative excess market returns has been found to be symmetrical as
it was found by Pettengill et al. Hovewer, it has not been found a positive reward for
holding risk as predicted by Pettengill et al. method. It is explained by the fact that the
stock prices for the period of January 1998 - December 2002 have been affected by the

Asian economy crisis, where the 65% of risk free rates was higher than the market returns.

The recent work of Zhang and Wihlborg (2004) intended to study the conditional and
unconditional CAPM in six European emerging markets making, provides a significant
conditional relationship between beta and returns in domestic markets and positive results
of CAPM test in two international markets. Zhang and Wihlborg have used Pettengill et al.
(1995) method to test risk-return relationship and estimate cost of equity capital of firms in
six emerging markets, i.e. Cyprus, Czech Republic, Greece, Hungary, Poland, Russia, and
Turkey. The distinction between domestic and international CAPM has been made in order
to examine whether the domestic CAPM will outperfom the international one as a result of
high degree of the market segmentation. Two tests of CAPM: conditional and
unconditional have been conducted. Fama and McBeth (1973) two-step regression
approach has been used for unconditional test and Pettengill et al. (1995) method has been
used for conditional test. The monthly time series share prices of 753 firms from six
emerging markets for the period of 1995 — 2002 have been used in tests. As the market
proxy for each country, they have used the returns of market indexes of that country and as
the risk-free rate for each country, they have used short-term Treasury-bills of that country.
The Morgan Stanley world index returns have been used as the world market portfolio
returns. The CPI has been used for high inflation countries to calculate the real returns. The
empirical results show that the betas and returns are much higher in the above-mentioned
six emerging markets than those of the world market. For four countries with the high

inflation periods the real returns are much lower. The returns for six countries are not
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highly correlated with each other and with the world market. It has been found that more
than 50% of realized returns are negative in the most countries and the null hypothesis with
mean equals zero cannot be rejected. The existence of conditional rather than
unconditional relationship between risk and returns has been proved during the tests.
Zhang and Wihlborg have found the positive risk-return trade-off. As for international and
domestic CAPM tests, it has been found that the international CAPM performs well,
especially into two countries (Czech Republic and Russia), which are more intergated in
the world markets. Zhang and Wihlborg have concluded that beta is still a useful measure

of risk in emerging domestic markets taking into account its conditional nature.

The aim of Sandoval and Saens study (2004) is to test the conditional and unconditional
CAPM in Latin America using the data from the Argentinean, Brazilian, Chilean, and
Mexican stock markets, to examine the effect on return of other risk factors as size, book-
to-market ratio and momentum and to test the market integration hypothesis in the Latin
American stock markets. Sandoval and Saens have noticed that since the Latin American
emerging stock markets have their high industrial concentration (especially Argentinean
and Mexican), the variables as size and market concentration might be an important factor
in explaining the firm-specific cross-sectional return variations. The study covers the
period between January 1995 and December 2002 using the weekly returns in U.S. dollars
of the stocks for each country. The U.S. Treasury bill rate has been used as a risk free rate
and the MSCI-LATAM stock market index has been used as proxy for the market
portfolio. Fama and MacBeth (1973) approach using three steps of econometric tests has
been used to analyse the unconditional CAPM. First, since Latin American’s stocks are
traded infrequently, Sandoval and Seans have used the aggregated coefficients method
proposed by Dimson (1979) to estimate the individual betas; that is they have regressed
individual security returns against five lagged, matching and five leading market return
terms using both the Latin American Stock Market Index and S&P 500 Index as a proxies
for the market portfolio. Then they have formed portfolios, where securities with the
lowest estimated betas have been assigned to the first portfolio and securities with the
highest betas - to the last portfolio. In the second stage, the portfolio betas have been
estimated for each two-year period (totaling in eight portfolio beta estimation periods) and

used as explanatory variables in the further next year. The last stage includes cross-
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sectional regressions based on Black (1972) CAPM definition, which has been estimated
by a pooled cross-sectional OLS giving estimates of the average values of weekly
coefficients yot and y;t in the testing period. Then average values of weekly coefficients
have been tested to find whether they are significantly different from zero. When testing
the conditional CAPM, testing periods have been devided into up and down market weeks.
Tests results show the inconsistency with a positive and significant relationship between
portfolio betas and returns, with the exception of the Mexican stock market. The low R-
squares show that the model might be either misspecified or additional risk factors other
than beta might be required to explain the relationship between risk and return. The results
of conditional CAPM show that in four Latin American countries the stock markets present
a significant and positive beta risk premium during up markets and a significant but
negative beta risk premium during down markets, providing a strong support for a
systematic but conditional relationship between portfolio betas and realized returns in each
of the Latin American stock markets. It has been found that in 417 weeks over the period
1995 through 2002, the risk free rate exceeds the market return by 50%, 48%, 53% and
46% for the Argentinean, Brazilian, Chilean and Mexican stock market, respectively.
Sandoval and Saens have also found that the null hypothesis of a symmetrical relationship
between risk and return during periods of positive and negative market returns is rejected
at the 5% level for the Latin American stock markets with exception of Mexico. It shows
that Latin American stock markets react more to down than to up market. As for the test of
the effect on return of other risk factors as size, book-to-market ratio and momentum, its
results show that these extra risk factors is not commonly priced across the Latin American
stock markets and do not contribute to explain significantly the cross sectional stock return

variations in Latin American stock markets.

The paper of Tang and Shum (2004) presents the test of the risk-return relationship in the
Singapore stock market for the period of 1986 — 1998 years, having the fokkowing
purposes: test for a conditional relation between beta and returns; test for a positive long-
run risk-return tradeoff; test whether other measures of risk in addition to beta affect asset
pricing when up and down markets are split. The data collected from the Pacific-Basin
Capital Markets (PACAP) Databases consist of monthly returns of 144 listed stocks and
equally weighted as well as value-weighted market returns (to determine whether the
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results of using these two market proxies are different). The one-month Singapore
interbank offer rate (SIBOR) has been used as the risk-free rate. The 13-year period has
been divided into three non- overlapping subperiods: the construction period (1986 —
1989), the estimation period (1989 — 1992), and the testing period (1992 — 1998). Betas of
individual stocks have been estimated and 20 equally weighted portfolios have been
formed according to the estimated betas ranking in the construction period. In the
estimation period, betas and other risk measures of each portfolios formed in the
construction period have been estimated. The final stage includes the regressions of
portfolios returns against betas and other risk measures from the testing period. The whole
process has been re-done by dropping the first month’s data in the estimation period and
adding the second month’s data in the testing period and has been repeated up to the last
month of the testing period. To compare the goodness of fit across different models of risk
measures adjusted coefficient of determination has been used. The test results of
unconditional CAPM show the weak positive relation between beta and returns. The strong
systematic but conditional relationship between beta and realized returns has been found as
a result of conditional CAPM test using Pettengill et al. (1995) approach. It has been also
found that high-beta portfolios receive a larger positive risk premium than low-beta
portfolios in up market and high-beta portfolios receive higher losses than low-beta
portfolios in down market. The findings reject the symmetrical risk premiums in up and
down markets due to the fact that the market risk premium in up market doubles that in
down market. Tang and Shum have found that unsystematic risk plays an even more
significant role than beta 'in pricing the Singapore securities in up market and not only
compensates the systematic risk but also the unsystematic risk. In fact, they have suggested
for investors in the Singapore stock market do not hold diversified portfolios when the
market excess returns are positive. They have also concluded that beta is still a good
measure of risk and the other risk measures are also useful in explaining cross-sectional

variations in stock returns.

Medvedev (2004) tested the CAPM under ambiguity. He has used Zhang (2002) model of
individual choice under ambiguity in the context of Kwon (1985) market model of asset

returns. The implications of the ambiguity for equilibrium asset prices have been studied,
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assuming uncertain volatility setup used in the quantitative finance and proposed by
Avellaneda et al (1995) under the assumption that the volatility process is not known but
the volatility always lies within known bounds. The theoretical CAPM under the market
model with unknown volatilities of asset returns has been derived as follows: first, the
equation of individual project that generate random return has been estimated, then under
some assumptions the random variable has been estimated. Then including into account
multiple assets and introducing ambiguity into the market model of Kwon (1985), which
allows to derive the CAPM without restrictive assumptions on the utility function or asset
return distribution, the classical version of CAPM has been modified with regard of
including the second factor that measures the degree of the ambiguity in returns. Some
assumptions have been made to reduce the problem of choice under ambiguity to the
standard problem of choice under probabilistic uncertainty. The estimated two- factor
CAPM has been tested for US stocks using 48 industry portfolios constructed by Fama and
French for the period of 30 years 1973 ~ 2003. Then the residual returns of these industry
portfolios have been estimated and their volatility standard deviations have been
calculated. The modified CAPM has been then tested running cross-sectional Fama-
McBeth regression. The test results show that the ambiguity factor is statistically
significant and the effect of market beta is insignificant. It has been concluded that these

results are economically meaningful.

. The studies of Lewellen and Nagel (2004) present the test whether the conditional CAPM
can really explain asset-pricing anomalies. They argue that unconditional CAPM does not
describe the cross section of average stock returns because the CAPM does not explain
why small stocks outperform large stocks, why firms with high book-to-market ratios
outperform firms with low B/M ratios. So, Lewellen and Nagel perform the test of
conditional CAPM in order to learn whether it can explain these patterns. They say that if
the conditional CAPM holds, only the small deviations from the unconditional CAPM
shoud be expected to be found — much smaller than those observed empirically. For the
tests the time-series CAPM regressions for stock portfolios have been used. The
unconditional test has been conducted using the full time series of returns for each
portfolio, restricting alpha and beta to be constant. The conditional test has been conducted

using a common approach where beta is a function of observed macroeconomic variables.

34



In order to solve the problem of availability of the full set of state variables, the conditional
alphas and betas have been estimated using short-window regressions. The CAPM
regressions have been estimated separately every month, quarter, half-year and year using
daily, weekly, or monthly returns. So the estimates of each quarter’s conditional alpha and
beta have been made without using any state variables or making any assumptions about
quarter-to-quarter variation in beta, except one assumption that beta is relatively stable
within the quarter and each regression can simply treat it as constant. The conditional
CAPM has been tested in two ways. First, it has been directly tested whether the
conditional alphas are zero. Second, it has been tested whether betas vary over time in a
way that might explain stocks unconditional alphas by calculating the volatility of betas
and their correlation with business conditions and the market risk premium. Since the
regressions have been estimated over short intervals instead of monthly returns daily or
weekly returns have been used. The estimations have been made using overlapping returns
(observations overlap by four days). The tests focus on size, B/M, and momentum
portfolios from 1964 to 2001 using NYSE and Amex common stock returns. The CRSP
value-weighted index has been used as a market proxy and the T-bill rate has been used as
a risk-free rate. The size and B/M portfolios has been constructed as those of Fama and
French (1993). Twenty five size-B/M portfolios based on the intersection of five size and
five B/M portfolios have been formed. Sb, the tests have been based on six combinations
of the twenty five size-B/M portfolios.v The momentum portfolios have been formed
separately. The stocks have been sorted every month into deciles based on the past six-
month returns. The portfolios have been hold for overlapping six-month periods. The tests
use returns compounded ovér three horizons: daily, weekly and monthly. The test results of
the conditional alphas provide strong evidence against the conditional CAPM. B/M and
momentum portfolios alphas remain large, statistically significant, and close to their
unconditional estimates. The test results of conditional CAPM also show that the size
effect is weak, as in unconditional tests, but small stocks now show a hint of abnormal
returns. It has also been found that beta vary considerably over time due to the changes in
true conditional betas (not estimation error) but it is not enough to explain large
unconditional pricing errors. Therefore, it has been concluded that the conditional CAPM
performs about as poorly as the unconditional CAPM and does not explain the B/M and

momentum effects.
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The recent study of Ang and Chen (2005) is aimed to estimate and develop the conditional
CAPM with time-varying betas, time-varying market risk premia, stochastic systematic
volatility to test the book-to-market effect over the long run using returns of all stocks
listed on the NYSE, AMEX, and NASDAQ. Ang and Chen argue that although alphas and
betas are generally estimated by OLS (Ordinary Least Squares) and a large OLS of alpha is
considered as an anomalous return relative to the CAPM, beta variations over time, which
are correlated with time-varying market return, result in misspecified standard OLS
inference, and therefore it is not possible to use it to asses the fit of the conditional CAPM.
They have showed that OLS alphas and betas are biased and not a proper estimate of
conditional alphas and betas. The main stress in the study has been done on the time-
variation of conditional betas in estimating conditional alphas. Their estimation technique
provides direct, consistent estimates of conditional alphas and of the time-series of
conditional betas. The conditional CAPM has been used to portfolios sorted by book-to-
market ratios, which have a spread in average returns that cannot be explained by an
unconditional CAPM using an OLS regression. They argue that this can be explained by
the one-factor conditional model with time-varying betas. They have also noticed the
advantages of their modelling method: 1 - the time-varying betas have been considered as
implicit state variables and infered directly from stock returns; 2 — the betas have been
considered as endogenous variables that vary slowly and continuously over time (rather
than to assume discrete changes in betas across subsamples and constant betas within
subsamples); 3 - they have included predictable time-variations in aggregate market
conditions in both the conditional mean and the conditional volatility. Markov Chain
Monte Carlo (MCMC) and Gibbs sampling estimation approach, which incorporates the
effect of parameter uncertainty, estimates conditional alphas and betas and measures the
effect of small sample bias, has been used. They have exanimed the sample period from
July 1926 to December 2001. To test the unconditional CAPM, alphas and betas have been
estimated using unconditional one-factor regression. Its result shows that the alphas from
the unconditional one-factor model are insignificant for book-to-market sorted portfolios
over the long run. As for the conditional one-factor model, it has been found that the model
is sufficient to explain the average returns of book-to-market portfolios. Nevertheless, Ang
and Chen do not posit that the conditional CAPM is the complete model for the cross-
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section of stock returns and that the conditional CAPM can explain all anomalies. They
argue just that the conditional one-factor model is able to explain a wider range of returns
than previously thought. Their results also emphasize the importance of taking into account
time-varying factor inputs before asserting the cross-sectional return pattern anomalous

relative to a conditional CAPM.
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4. TEST OF THE CAPM IN TURKISH CAPITAL MARKET

4.1 Data and Methodology

In this study two tests of the CAPM have been conducted: traditional and conditional. We
use Fama and MacBeth (1973) three-step approach to conduct traditional (or
unconditional) CAPM test and Pettengill et al. (1995) method for conditional test.

The sample period for this study extends from January 1995 though December 2004.
Weekly returns for all securities listed on the Istanbul Stock Exchange (ISE) and ISE100
equally-weighted index, which has been used as a proxy for the market portfolio, have
been obtained from the ISE database. Since there is no available data on returns adjusted
for dividends and equity offerings we have used returns calculated directly from the
weekly closing prises for securities. The equity offering and dividend payment days of
particular securities have been dropped from the related week. In other words, security
returns assumed to be zero in the equity offering and dividend payment days due to the fact
that security price falls down for a big percentage depending on the equity offering or
dividends payment value. As the risk-free rate we have used the three-month US Treasury
bill rate adjusted for the inflation in USA and Turkey, and converted into the weekly rates
(see Appendix XIII). Since Turkish Treasury bill rates were abnormally high in the period
of 1990-2003, that would cause a meaningless results of the test, it has been decided to use
the US Treasury bill rates, which in turn, have been adjusted for the USA inflation
deducting the inflation rate from the treasury bill rate for the same period. Then using
Fisher equation for nominal and real return calculation, US Treasury bill rates have been
adjusted for inflation in Turkey using inflation rates for the same period as treasury bill
returns. The US Treasury bill rates have been obtained from the US Federal Reserve
Bulletin. The US and Turkish inflation rates have been collected from the US Bureau of
Labor Statistics database and the State Institute of Statistics of Turkey respectively.
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4.1.1 Traditional Approach

According to the Fama and MacBeth (1973) approach the sample period should be divided
into subperiods, which in turn divided into three periods: portfolio formation period,
estimation period and test period. In the portfolio formation period portfolios are
constructed on the basis of ranked beta values for individual securities. Fama and MacBeth
argued that portfolio betas can be more precise estimates of true betas than the betas for
individual securities since beta estimations cause an unavoidable “errors-in-variables”
problem. Also the procedure of portfolio formation, according to the ranked beta values,
reduces the loss of information in the risk-return tests caused by using portfolios rather
than individual securities. However, Fama and MacBeth asserted that such a procedure
could result in a serious regression phenomenon, when constructing portfolios on the basis
of ranked betas causes bunching of positive and negative sampling errors between
portfolios since in a cross-section of individual betas, high observed betas tend to be above
the corresponding true bétas and low observed individual betas tend to below the true
betas. Thus, a large portfolio betas would tend to overstate the true portfolio betas and a
low portfolio betas would tend to be an underestimate. Therefore, in order to avoid a
regression phenomenon, Fama and MacBeth formed portfolios from ranked individual
betas calculated from the data for one time period and then used a subsequent period
(estimation period) to obtain the portfolio betas. Actually in the estimation period betas of
individual securities are re-estimated to compute portfolio betas.! So, it is hoped that the
regression phenomenon is minimized in portfolio betas since using fresh data randomizes
errors in the betas of individual securities within por’cfolios.2 In the third time period (test
period) portfolio betas, which have been estimated in the second time period (estimation
period) are regressed against porfolio returns, which are calculated using the test period

data.

! Note that the number of portfolios and their contents do not change in the estimation period.

? Fama and MacBeth (1973) pointed out that: “the errors-in-variables” problem and its solving method using
portfolios were first mentioned by Blume (1970); portfolio approach has also been used by Friend and Blume
(1970) and Black, Jensen and Scholes (1972); the regression phenomenon was first recognized by Blume
(1970) and Black, Jensen and Scholes (1972), who offered the similar problem solution as Fama and
MacBeth (1973).
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Our sample period of 1995-2004 has been divided into five 6-year subperiods such that the
test periods overlap with the 1-year interval in order to minimize the errors in beta
estimates, which arises from the beta volatility, and hence, get more precise estimates and
results. Each subperiod then has been separated into three 2-year periods: portfolio
formation period, beta re-estimation period and test period. Each of them consists from 104
weekly observations. In each 6-year subperiod we use securities that are available within
that period and meet the data requirements. The five different portfolio formation periods,
five estimation periods and testing periods with the numbers of securities available on ISE

shown in Table 1.

Table 4.1 Sample periods and number of stocks

Periods
1 2 3 4 5

Portfolio Formation Period 1995-1996 1996-1997 1997-1998 1998-1999 1999-2000
Estimation Period 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002
Testing Period 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004
No.of securities at the beginning

of formation period 211 235 266 283 297
No.of securities meeting data requirement 167 187 197 206 225

In the portfolio formation period using 2-year period data we estimate the beta for each
individual security by regressing the time series of the securities’ excess returns, calculated
from the natural logarithm of security prices, on the time-series of the index excess returns
where excess returns have been obtained by substructing the risk-free rate from the returns
(see Appendix XII). The equation of time-series regression, also often called as the first-
pass regression, is as follows:

Rit-Rpt=0i + Bi(Rm: - Re)) + €5 4.1)
where R;; is the individual security’s return for the ¢ period , Ry, is the risk-free rate, R, is
the index return, B; is the beta of security and e;, is the regression residual. Based on
ranked beta estimates we have sorted the securities into 20 equally weighted portfolios.
Porfolio 1 contains the securities with the highest betas, portfolio 20 - the securities with
the lowest betas. Using the Fama and MacBeth (1973) approach the number of securities in
the each porfolio have been calculated as int (A/20) for the middle 18 portfolios and int
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(N/20 + Y [N — 20 int (N/20)] for the first and last portfolios if N is even, where N is the
total number of securities to be allocated to portfolios and int (N/20) is the largest integer
equal to or less than N/20. The last portfolio includes an additional security if N is odd. In
the following two-year period (estimation period) the portfolio betas have been estimated
by recomputing the individual security betas and calculating unweighted averages of the
security betas included in each portfolio constructed in the formation period. In the test
period the portfolio returns have been calculated by averaging individual security returns in
a portfolio using the 2-year data of the test period. Then we run the cross-sectional
regression in the following form:

Roi-Rp= Por+ P11t Po + €i (4.2)
where Jor, J1: are the regression coefficients, Ry, is the portfolio return, S, is the portfolio
beta and ¢;, is the regression residual. The weekly portfolio returns have been regressed

against portfolio betas, which have been computed in the estimation period.
4.1.2 Conditional Approach

In the test period we have estimated the regressions both using the traditional test
procedure and using the conditional approach of Pettengill et al. (1995). As Pettengill et al.
(1995) argued, the test of the CAPM model needed to be modified due to the model’s
requirements that a part of the market return distribution is below the risk-free rate.
Pettengill et al. said that since the test of relationship between beta and returns based on the
assumption of a positive risk-return tradeoff, the expected market return then must be
higher than the risk-free return, otherwise all investors would hold the risk-free security.
Therefore, the expected return on any risky portfolio is a positive function of beta.
However, Pettengill et al. argued that due the fact that CAPM test uses realized returns
instead of expected returns the validity of the model would not be directly examined.
According to Pettengill et al. there must be conditions under which high beta portfolios
earn lower returns than low beta portfolios in order for high beta portfolios to have more
risk. The CAPM equation (R;; - Ry;) = fi (Rm; - Rss) + €;; shows an exact condition under
which the realized returns for high beta portfolios are expected to be lower than the
realized returns for low beta portfolios. It shows that the relationsheep between beta and
returns for high and low beta protfolios is actually conditional on the realtionsheep
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between realized market returns and the risk-free return. If R, < Ry, then Bo(Rm: - Ryy) is <
0. In such cases, the predicted portfolio return incules a negative risk premium that is
proportionate to beta. Hence, according to to Pettengill et al., if the realized market return
is less than the risk-free return, an inverse relationship exists between beta -and return,
which means that high beta portfolios have predicted returns that are less than the predicted
returns for low beta portfolios. Since the realized market returns occurs to be frequently
less than risk-free rate of return, the conditional relationship will have a big effect on tests
of the relationship between beta and returns. So, our first step in conducting the conditional
test is to analyse the market returns over the sample periods. A week-by-week comparison
of the ISE100 index and the risk-free rates over the period 1999 (first test period) through
2004 shows that the T-bill rate exceeds the market return in 155 out .of total 311
observations. Therefore, the existence of a large number of negative market excess return
periods suggests to modify the CAPM test to account of positive and negative market
excess returns in order for test results not to be biased. The conditional test utilize the
modified version of the three-step porifolio approach of Fama and MacBeth (1973). The
procedure of the first two steps of portfolio formation and estimation periods are remains
the same. The portfolios are constructed on the basis of ranked betas and then portfolio
betas are estimated in the second period along with the portfolio returns. However, the
third step (the test period), which tests the relationship between portfolio beta and returns,
is modified to account for the conditional relationship between beta and realized returns.
As it has been mentioned above, if the realized market return is above the risk-free return,
portfolio betas and returns should be positively related, and if the realized market return is
below the risk-free return, portfolio betas and returns should be inversely related.
Consequently, to conduct the conditional CAPM test, the regression coefficients from the
following equation have been examined:

Rpt= Jot+ 916 *Bpe+ 52 *(1-0) * fps + & (4.3)
where 6 = 1, if (R — Rg) > 0 (When market excess return is positive in week ) and 6 = 0,
if (Rm: — Rp) < 0 (when market excess return is negative in week 7). Due to the fact that ¥,
is estimated in periods with positive market excess returns, the expected sign of this
coefficient is positive. Therefore, the following hypothesis are tested:

Ho: 7, =0,

Ha: y; > 0.
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Since ¥, is estimated in periods with negative market excess returns, the expected sigh of
this coefficient is negative. Hence, the following hypothesis are tested:

Ho: y,=0,

Ha: y,>0.

The systematic conditional relationship between beta and realized returns is supported if

the null hypothesis is rejected in favor of the alternate in both cases.
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5. EMPIRICAL RESULTS
5.1 The results of the traditional (unconditional) test

Table 2 shows the values of the 20 portfolios betas f,; used in test procedure and their

determination coefficients.

Table 5.1 Portfolio betas

Test Period

1999-2000 2000-2001 2001-2002 2002-2003 2003-2004

Portfoio fpt R* Bt R Bt R* Bt R* Bor  R?

1 0,866 0,381 1,037 0,565 1,040 0,237 1,012 0953 1,175 0,669
2 0,913 0,395 0913 0,387 0,951 0,212 1,003 0966 1,068 0,610
3 0,767 0,421 0,820 0,461 0,846 0,175 0,998 0936 1,070 0,607
4 0,812 0,396 0,841 0,374 0,814 0,187 0,972 0931 1,032 0,577
5 0,810 0,445 0,893 0,452 0,747 0,159 0,999 0946 1,003 0,544
6 0,834 0,500 0,748 0,308 0,696 0,140 0,992 0927 0,830 0,473
7 0,795 0,361 0,703 0,342 0,740 0,143 0,984 0,936 0,837 0,545
8 0,768 0,339 0,819 0,416 0,694 0,129 0,984 0,948 0,896 0,468
9 0,950 0,506 0,737 0,369 0,762 0,156 0,996 0,924 0,907 0,424
10 0,814 0,416 0,765 0,349 0,647 0,114 0992 0,939 0,813 0,428
11 0,801 0,386 0,731 0424 0,679 0,127 0988 0,904 0,849 0,445
12 0,842 0,488 0,730 0,358 0,515 0,069 0,991 0,909 0,840 0,422
13 0,814 0,408 0,736 0,317 0,640 0,106 0,992 0918 0,902 0,361
14 0,813 0,488 0,685 0,296 0,613 0,105 0,991 0,923 0,790 0,420
15 0,792 0,350 0,729 0,343 0,551 0,082 0,972 0917 0,843 0,380
16 0,683 0310 0,651 0,278 0,695 0,129 1,001 0,928 0,695 0,306
17 0,759 0378 0,699 0265 0,562 0,078 0,987 0,924 0,722 0,290
18 0,744 0344 0,702 0,364 0,572 0,093 0,984 0,905 0,765 0,352
19 0,805 0,447 0,495 0,205 0,362 0,048 0981 0,924 0,771 0255
20 0,578 0,253 0,470 0,123 0,347 0,034 0,971 0,901 0,545 0,227

The major test results of the implications of the CAPM for the total sample period are in
Table 3. The results are presented for all the sample subperiods. For each period and
model, the table shows: g, J;; - regression coefficient estimates (regression intercept and

slope); se(yo), se(yo) — standard errors of the regression coefficients; se(Rp-Rf) - standard



error of the portfolio premium; R? - the determination coefficient; ssreg — the regression
sum of squares; ssresid - the residual sum of squares; Rm-Rf market premium. The table
also presents the standard t-statistics T(yo) and T (y1) for testing hypothesis that $;, = 0. As
predicted by the CAPM the estimated regression coefficients should be equal to:

Jo=0

Y1 =Rm— Ry

In the four of five periods jy is very close to zero and all of them are negative. With regard
of ¥,, it has the result close to predicted by model in only the period (2001-2002). The
results also show that R-squared in three periods of five are nearly zero. However, the t-
statistics for the second (2000-2001) and third (2001-2002) periods are higher (-1,5690 and
-2,7056) than in the other periods. For the same two periods the standard errors of
coefficients are quite small and J: is very close to the market premium R, — Ry as
predicted by the model. Nevetheless, the 7, in those two periods are negative, which
indicates that the risk-return tradeoff not positively related as predicted by the model but
inversely. The Figures 5.2, 5.3 clearly show that in the periods 2000-2001 and 2001-2002
there is strong negative inversely related relationship Between beta and returns. The other
periods do not show any consistent strong results in favor of the CAPM. As it is seen from
the Table 3 and Figures 5.1, 5.4, 5.5 in the other three periods 1999-2000, 2002-2003,
2003-2004 the relationship between beta and return is weak although the J, is positive. In
the first period (1999-2000) 14 portfolios, which have almost the same beta value, get the
return ranging in big interval from 0 to -0,007 (see Appendix). The t-statistics shows that
the value of the slope coefficient is insignificant. The t-statistics of the forth period (2002-
2003) indicate the significance of the slope coefficient on the level close to zero 0,014. The
last period (2003-2004) also has the small t-statistics for y,, which shows negligible
positive relationship between beta and return and equals 0,004. In general, the overall
results of the traditional CAPM test are inconsistent across subperiods and show the weak
support of the model predictions. This results, however, do not mean that there is no
systematic relationship between risk and return. The results, to a greater extent, might be

biased due to the aggregation of positive and negative market excess return periods.
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Figure 5.1 Traditional test results for the period of 1999-2000
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Figure 5.2 Traditional test results for the period of 2000-2001
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Figure 5.3 Traditional test results for the period of 2001-2002
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Figure 5.4 Traditional test results for the period of 2002-2003
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Figure 5.5 Traditional test results for the period of 2003-2004
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5.2 The results of the condititional test

Given the conditional relation between beta and realized returns, we have tested the dual
hypothesis of a positive relation between beta and returns during periods of positive market
excess returns and a negative relation during the periods of negative excess returns. For the
conditonal CAPM test the sample period has been divided into up-market weeks and
down-market weeks. The portfolio betas remain the same as reported in Table 2. The
statistics of the conditional test for market with positive risk premium is presented in
Tables 4. The statistics of the conditional test for market with negative risk premium is
presented in Tables 5. The results of Tables 4 and 5 show that the relation between beta
and return is statistically significant both in up-market and down-market, and in each
subperiod. The slope coefficients §; have the expected sign. Portfolios with higher betas
have higher returns when the market risk premium is positive and lower returns when the
market risk premium is negative, which are confirmed by the Figures 5.6 — 5.15. The t-
statistics of yp and y; are significantly high in all subperiods both in up-market and down-
market. Comparing this t-statistics with the t-statistics of the traditional test it can be
noticed that the values of t-statistics in conditional test are considerably higher. The
standard errors of the coefficients are low as in the traditional test, except the one period
2002-2003 with standard errors se(Jg) = 0,1215 and se(¥;;) = 0,1228 for the up-market, and
se(Jor) = 0,1195 and se(¥;,) = 0,1208 for the down market. The R-squred of the regressions
are high, starting from the lowest 0,4155 to the highest 0,8161. So, it has been found a
highly significant relationship between beta and returns in each subperiod. For every
subperiod the hypothesis of no relationship between risk and returns during periods of
positive excess market returns is rejected in favor of an expected positive relationship at
the 0,01 level. Likewise, for every subperiod, the hypothesis of no relationship between
risk and returns during periods of negative excess market returns is rejected in favor of an
expected negative relationship at the 0,01 level. Figures 5.6 — 5.15 show the realized
returns for the 20 portfolios separately for months with positive and negative risk premium.
Figures 5.6 — 5.15 also demonstrate the effect of neglecting the conditional nature of the
relation between beta and return. Since, as mentioned earlier, the number of month with
positive and negative market risk premia are almost equal in our sample, the unconditional

average return of each beta portfolio is approximately equal to the unweighted average of
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the two conditional return shown in the Figures 5.6 — 5.15. It is obvious that there is no
relationship between the porfolio betas and these unconditional returns. So, the overall
results of the conditional test support the conclusion that the betas are related to realised
returns in the way predicted by the model.
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Figure 5.8 Conditional test results for the up-market period of 2000-2001
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Figure 5.9 Conditional test results for the down-market period of 2000-2001
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Figure 5.10 Conditional test results for the up-market period of 2001-2002
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Figure 5.11 Conditional test results for the down-market period of 2001-2002
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Figure 5.12

Conditional test results for the up-market period of 2002-2003
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Conditional test results for the down-market period of 2002-2003
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Figure 5.14 Conditional test results for the up-market period of 2003-2004
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Figure 5.15 Conditional test results for the down-market period of 2003-2004
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6. CONCLUSION

A number of previous studies testing systematic relationship between risk and return found
weak and inconsistent results. However, the traditional test procedure based on the Fama
amd MacBeth (1973) approach includes a joint test of two hypotheses. The hypothesis of a
relationship between beta and return and the hypothesis of a positive market risk premium
are tested simultaneously. Pettegill et al. (1995) proposed a conditional test procedure,
which allows to separately test the hypothesis of a relationship between beta and return.
The conditional CAPM test, which is conducted using the ex-post data has the results that
predict a conditional relationship between beta and return such that securities with higher

beta have higher (lower) returns when the market risk premium is positive (negative).

In this study we have conducted two CAPM tests: traditional and conditional. It has been
found that the CAPM can not be proven under the traditional test approach. The results
show that in two of five subperiods the relationship between beta and return is inversely
related, which does not support the hypothesis of positive market risk premium predicted
by the CAPM. In other subperiods the results show positive but insignificant relationship
between beta and return. However, when the conditional test has been applied, the
statistically significant relationship between beta and return has been found in all
subperiods. The market excess return analysis shows that in almost a half observations the
market excess return is negative. We argue that the traditional test results have been biased
due to the fact that the traditional test does not take into account the condition of positive
and negative market excess returns. So, we have separated the up-market weeks and down-
market week to conduct the conditional test. The results indicate that the portfolios with
higher betas have higher returns when the market risk premium is positive and lower
returns when the market risk premium is negative. It has been found that the relationship
between beta and return is consistent across all subperiods in the sample. Therefore, we
have arrived at the conclusion that the systematic conditional relationship exists between

beta and returns.

Our test results support the hypothesis that the systematic risk of a security measured by its

beta is indeed a relevant measure of risk and is one of the main explanatory powers on



security returns in Turkish capital market. Beta is reliably related to the security’s return
depending on the sign of the market risk premium. Hence the use of market beta esimated
from the historical price data by portfolio managers hence seems to be justified. The
contribution of this study to the investments management is the evidence provided for the
role of beta in explaining returns in the Turkish capital market. Moreover, in the practical
sense, the study also suggests that a portfolio of stocks may perform better when its funds
are invested in high beta stocks during up market and in low beta stocks during down

market.
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APPENDIX XII: Example of Beta Estimation

0,740 Beta of ABANA

0,770 R-squared of the regression

Date ISE100  ABANA T-bill R (ISE 100) R (ABANA) ER(ISE 100) ER (ABANA)
01.0695  26549,82 2025  0,025504
01.13.95  26548,19 1925 0025544 -0,015015  -0,050644  -0,040559 0,076187
012095  25519,86 1400 0025500 -0,039505  -0,318454  -0,065005 0,343954
012795  25246,08 1400 0025513 -0,010786  0,000000  -0,036299 -0,025513
02.03.95 2546339 1350  0,024820  0,008571  -0,036368  -0,016250 0,061188
02.10.95  26918,00 1375  0,024838  0,055553  0,018349 0,030716 -0,006488
02.1795  28214,19 1300  0,024833  0,047030  -0,056089 0,022197 0,080923
022495  29720,10 1450  0,024799 0051999  0,109199 0,027199 0,084400
03.03.95  29781,63 1350  0,024251  0,002068  -0,071459  -0,022183 0,095710
03.1095  33232,88 1275 0,024268  0,109648  -0,057158 0,085380 0,081427
03.17.95 3380238 1275 0024264  0,016991 0,000000  -0,007272 -0,024264
032495  36693,19 1375 0,024264  0,082060  0,075508 0,057796 0,051244
03.31.95 3983733 1350 0,024213  0,082213  -0,018349 . 0,058000 -0,042562
04.07.95 4462288 1950  0,018074  0,113442  0,367725 0,095369 0,349651
04.14.95 4820325 2275 0,018052  0,077180  0,154151 0,059128 0,136099
042195 5465393 2425 0,018001  0,125595  0,063851 0,107594 0,045850
042895 4661520 2250 0,018037 -0,159094  -0,074901  -0,177132 0,092939
05.0595 5122744 2450  0,016366  0,094349  0,085158 0,077983 0,068792
05.12.95 5122744 2450  0,016328  0,000000  0,000000  -0,016328 0,016328
05.19.95  47181,80 2200 0,016355 -0,082267  -0,107631  -0,098622 -0,123986
052695  46500,33 1975  0,016359 -0,014549  -0,10788%  -0,030908 -0,124248
060295  48653,10 2250  0,016511  0,045256  0,130362 0,028745 0,113850
06.09.95 5378129 1300 0016456  0,100210  -0,548566 0,083754 -0,565022
06.1695 5248934 1050  0,016487 -0,024316  -0,213574  -0,040803 -0,230061
06.23.95  53042,90 1175  0,016449  0,010491 0,112478  -0,005958 0,096029
06.30.95 4823301 1050  0,016411 -0,095057  -0,112478  -0,111468 -0,128889
07.07.95 4635735 1175  0,016453 -0,039664  0,112478  -0,056117 0,096025
07.1495  47884,48 1175  0,016408  0,032412  0,000000 0,016003 0,016408
0721.95  47486,61 1450  0,016429 -0,008344 0210295  -0,024773 0,193866
072895 5277152 1600 0,016432  0,105638  0,098440 0,089205 0,082008
08.0495  49103,94 1775 0016941 -0,072146  0,103797  -0,089087 0,086856
08.11.95  45888,04 1900  0,016930 -0,067735  0,068053  -0,084665 0,051123
08.18.95  45801,88 2025  0,016934 -0,001879  0,063716  -0,018813 0,046782
082595 4554298 1775 0016937 -0,005669  -0,131769  -0,022606 -0,148707
09.01.95  45690,62 1700 0017416 0003237  -0,043172  -0,014179 0,060588
09.08.95  46194,89 1850 0017402  0,010976  0,084557  -0,006425 0,067156
09.1595 4478231 1875 0017416 -0,031056 0013423  -0,048472 -0,003993
092295  41608.43 1775  0,017384 -0,073510  -0,054808  -0,090894 £0,072192
092995  41707,62 1725 0017344 0002381  -0,028573  -0,014963 0,045918
10.06.95  45767,72 2375 0017094  0,092895  0,319770 0,075801 0,302676
10.13.95  43577,71 2575  0,017084 -0,049033  0,080852  -0,066117 0,063769
102095  49029,62 3650  0,017087  0,117879  0,348878 0,100792 0,331791
1027.95 4714587 3450 0,017052 -0,039178  -0,056353  -0,056230 -0,073405
11.03.95 4492830 2950  0,016547 -0,048179  0,156569  -0,064726  -0,173116
111095  42370,63 2450 0016572 -0,058612  -0,185717  -0,075184 0,202289
11.17.95  42833,18 2550 0016596  0,010858  0,040005  -0,005738 0,023409
112495 4215946 3150  0,016565 -0,015854 0211309  -0,032419 0,194744
12.01.95 3933714 2450  0,015478  -0,069290 0251314  -0,084768 0,266792
12.08.95 4184642 2450  0,015467  0,061837  0,000000 0,046370 0,015467
121595  39669,01 2350 0,015471 -0,053436  -0,041673  -0,068907 -0,057144
122295 4223625 2225 0,015420 0062709  -0,054658 0,047289 -0,070078
122995  40024,58 2100 0,015339 -0,053785  -0,057820  -0,069124 -0,073158



APPENDIX XIII: Example of T-bill Rate Adjustment

USA Inflation
Inflation Rate ~ Deducted T-bill Inflation Turkish Inflation =~ Weekly Adjusted

Date T-bill (USA) (USA) Rate (Turkey)  Added T-bill Rate T-bill Rate
01.06.95 0,0578 0,0280 0,0298 1,2589 1,3262 0,025504
01.13.95 0,0587 0,0280 0,0307 1,2589 1,3283 0,025544
01.20.95 0,0577 0,0280 0,0297 1,2589 1,3260 0,025500
01.27.95 0,0580 0,0280 0,0300 1,2589 1,3267 0,025513
02.03.95 0,0579 0,0280 0,0299 1,2242 1,2907 0,024820
02.10.95 0,0583 0,0280 0,0303 1,2242 1,2916 0,024838
02.17.95 0,0582 0,0280 0,0302 1,2242 1,2913 0,024833
02.24.95 0,0574 0,0280 0,0294 1,2242 1,2896 0,024799
03.03.95 0,0573 0,0280 0,0293 1,1967 1,2611 0,024251
03.10.95 0,0577 0,0280 0,0297 1,1967 1,2619 0,024268
03.17.95 0,0576 0,0280 0,0296 1,1967 1,2617 0,024264
03.24.95 0,0576 0,0280 0,0296 1,1967 1,2617 0,024264
03.31.95 0,0564 0,0280 0,0284 1,1967 1,2591 0,024213
04.07.95 0,0576 0,0280 0,0296 0,8841 0,9398 0,018074
04.14.95 0,0570 0,0280 0,0290 0,8841 0,9387 0,018052
04.21.95 0,0556 0,0280 0,0276 0,8841 0,9361 0,018001
04.28.95 0,0566 0,0280 0,0286 0,8841 0,9379 0,018037 -
05.05.95 0,0574 0,0280 0,0294 0,7981 0,8510 0,016366
05.12.95 0,0563 0,0280 0,0283 0,7981 0,8490 0,016328
05.19.95 0,0571 0,0280 0,0291 0,7981 0,8505 0,016355
05.26.95 0,0572 0,0280 0,0292 0,7981 0,8507 0,016359
06.02.95 0,0564 0,0280 0,0284 0,8073 0,8586 0,016511
06.09.95 0,0548 0,0280 0,0268 0,8073 0,8557 0,016456
06.16.95 0,0557 0,0280 0,0277 0,8073 0,8573 0,016487
06.23.95 0,0546 0,0280 0,0266 0,8073 0,8553 0,016449
06.30.95 0,0535 0,0280 0,0255 0,8073 0,8534 0,016411
07.07.95 0,0553 0,0280 0,0273 0,8063 0,8556 0,016453
07.14.95 0,0540 0,0280 0,0260 0,8063 0,8532 0,016408
07.21.95 0,0546 0,0280 0,0266 0,8063 0,8543 0,016429
07.28.95 0,0547 0,0280 0,0267 0,8063 0,8545 0,016432
08.04.95 0,0544 0,0280 0,0264 0,8325 0,8809 0,016941
08.11.95 0,0541 0,0280 0,0261 0,8325 0,8804 0,016930
08.18.95 0,0542 0,0280 0,0262 0,8325 0,8806 0,016934
08.25.95 0,0543 0,0280 0,0263 0,8325 0,8807 0,016937
09.01.95 0,0534 0,0280 0,0254 0,8584 0,9056 0,017416
09.08.95 0,0530 0,0280 - 0,0250 0,8584 0,9049 0,017402
09.15.95 0,0534 0,0280 0,0254 0,8584 0,9056 0,017416
09.22.95 0,0525 0,0280 0,0245 0,8584 0,9040 0,017384
09.29.95 0,0514 0,0280 0,0234 0,8584 0,9019 0,017344
10.06.95 0,0534 . 0,0280 0,0254 0,8421 0,8889 0,0170%4
10.13.95 0,0531 0,0280 0,0251 0,8421 0,8883 0,017084
10.20.95 0,0532 0,0280 0,0252 0,8421 0,8885 0,017087
10.27.95 0,0522 0,0280 0,0242 0,8421 0,8867 0,017052
11.03.95 0,0529 0,0280 0,0249 0,8153 0,8605 0,016547
11.10.95 0,0536 0,0280 0,0256 0,8153 0,8617 0,016572
11.17.95 0,0543 0,0280 0,0263 0,8153 0,8630 0,016596
11.24.95 0,0534 0,0280 0,0254 0,8153 0,8614 0,016565
12.01.95 0,0532 0,0280 0,0252 0,7605 0,8048 0,015478
12.08.95 0,0529 0,0280 0,0249 0,7605 0,8043 0,015467
12.15.95 0,0530 0,0280 0,0250 0,7605 0,8045 0,015471
12.22.95 0,0515 0,0280 0,0235 0,7605 0,8018 0,015420
12.29.95 0,0491 0,0280 0,0211 0,7605 0,7976 0,015339
01.05.96 0,0504 0,0300 0,0204 0,7811 0,8174 0,015719
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