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The capital asset pricing model (CAPM) developed by Will@harp (1964) and
John Litner (1965) is considered to be the birth of asseingrtheory among
academicians. CAPM, which brought Sharp the Nobel RniZ&90, is still widely
being used in measuring the estimated return of assetsllaaswuilding the capital
budgeting processes. This model was apparently the firsessfat attempt to
estimate the expected rate of return that investdrslamand if they are to invest in
an financial asset. Although CAPM was criticized by mamdamicians due to its
many simplifying assumptions, results of empirical tepgsformed in many
developed markets, particularly in US, supported the mdtitidilast decade. Fama
and French’s study (1992) is one of the pioneer studies liadiereged the validity
and applicability of CAPM in financial markets. Since thessearchers have been
trying to find out the pitfalls of CAPM. Currently, tteeare very few studies that
have examined CAPM in Turkey. This particular study atterapfdl in this gap by
testing the validity of CAPM iristanbul Stock Exchange (hereinafter ISE). In this
paper; formulation of CAPM model, as well as the récentics forwarded to
CAPM, will be discussed and model’'s predictivity power Wil tested for the ISE
market.



OZET
YARIM ASIRLIK TARTI SMA: CAPM ve iMKB iCIN
TEST EDILMESIi

Ural, Ozgiir

Finans Ekonomisi Yuksek Lisans Tezi, Sosyal Bilimler Engfist
Danisman: Yard. Dog. Hasan Baklaci

Haziran 2006, 127 sayfa

William Sharp (1964) ve John Litner tarafindan tasarlanakPN, akademik
cevrelerce  finansal varlik fiyatlandirma  teorilerinin  gdgu  olarak
nitelendirilmektedir. Sharp’a 1990 yilinda Nobel Ekonomi @il getiren CAPM,
varhklarin getiri tahminlerinin  olgturulmasinda ve sermaye butcelemesi
calsmalarinda hala siklikla kullanilmaktadir. Bu model,rakl herhangi bir finansal
varhga yatirnm yapan bir yatirimcinin beklgdi getirinin teorik olarak
belirlenebilmesi agisindan yapilan ilkshali girisimdir. CAPM’in, gergek yatirim
dunyasinin karmak yapisini oldukca sadet@en varsayimlari pek c¢ok
akademisyenin edérisini cekerken, 6zellikle Amerika ve gir gelsmis piyasalar
icin yapilan testlerin sonuglari modelin teorik sonuciad@90’l yillarin bgina
degin desteklenytir. Fama ve French tarafindan 1992 yilinda yapilan bigrmali
CAPM'in gecerliligini ve uygulanabilirlgini sorgulayan ¢agmalar arasinda 6n plana
cikmstir. Bu tarihten itibaren, aggrmacilar CAPM teorisinin zayif noktalari ile
ilgili cesitli aciklamalar getirmeye Bmglardir. Su an itibariyle, CAPM’in
Turkiyede finansal piyasalar agisindan gecgntli sorgulayan ¢cok sinirli sayida
calsma bulunmaktadir. Bu cama, CAPM uygulamasininistanbul Menkul
Kiymetler Borsasi IMKB) icin gecerliligini sorgulayarak, s6z konusu ghasu
doldurmayi hedeflemektedir. Yayin icerisinde, 6nce CAPM&arik formulasyonu
ve literatirde modele yoneltilen giiler tartisilacak, daha sonra da modelin tahmin
gucuiMKB igin test edilecektir.
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CHAPTER 1: INTRODUCTION

The foundations for the development of asset pricing rsodete laid by Markowitz
and Tobin (Markowitz (1952); Tobin (1958)). Early theories sugggkthat the risk
of an individual security is the standard deviation ofetsirns — a measure of return
volatility. Thus, the larger the standard deviation skaurity return the greater the
risk. However, an investor's main concern is about the efsall of his wealth;
which, in fact, is a portfolio composed of different \gétes. Markowitz observed

that;

* When two risky assets are combined, their standard densatare not
additive, provided that the returns from the two assetsnat perfectly
positively correlated,

* When a portfolio of risky assets is formed, the stahd#eviation of the
portfolio is less than the sum of standard deviationssafomponents unless

they are positively perfectly correlated.

Markowitz was the first to develop a specific measurpastfolio risk and to derive
the expected return and risk of a portfolio. The Markpwbrtfolio selection model
generates an efficient frontier of portfolios and timeestors are expected to select a
portfolio from the frontier. That is, all investorshave rationally in their investment
decisions and aim to maximize their utility by chooding portfolio with the highest

reward-to-risk ratio.

A decade later, Shageveloped a computationally efficient methtte single index
model CAPM where return on an individual security is related ® igturn on a

common index (Sharp (1964)). The common index may be any \atiadlight to



be the dominant influence on stock returns and need nat dieck index (Jones

(1991)).

According to Sharp’s theory; when analysing the rislamfindividual security, the
individual security risk must be considered in relationotber securities in the
portfolio. In particular, the risk of an individual secyrihust be measured in terms
of the extent to which it adds risk to the investor’'stiodio. Thus, a security’s
contribution to portfolio risk is different from thésk of the individual security. In
other words; risk should not simply be defined as the Nibjatf a stock’s return but
as the stock’s contribution to a well diversified pditfs risk. The single index
model can be extended to portfolios as well. This isiplesbecause the expected
return on a portfolio is a weighted average of thpeeted returns on individual
securities. This means a portfolio’s risk should be medsasseits contribution to a

well diversified portfolio.

It is well known that investors demand a premium farlmg risk; that is, the higher
the riskiness of a security, the higher the expectedrreequired to induce investors
to buy (or to hold) it. However, if investors are prittyaconcerned with portfolio
risk rather than the risk of the individual securitiasthe portfolio, how can we
measure the contribution of an individual stock to a fpliw? The answer is
provided by theCapital Asset Pricing Modelyhich is an important tool to define the
relation betweemnisk andreturn. The primary conclusion of the CAPM is théthe
relevant riskiness of an individual stock is its contribution to tekimess of a well-

diversified portfolio.” (Brigham (1994)).

In fact, CAPM gives a precise prediction of the relaship that one should observe

between the risk of an asset and its expected rethis.ré&lationship provides two



important functions. First, it provides a benchmark rateetfirn for evaluating
possible investments. For example, one analyzes tharitses; he/she may be
interested in whether the expected return forecasted $tock ismore or lessthan

its “fair” return given its risk. Second, the modelgeeto make a good guess as to the
expected return on assets that have not yet been tradéw imarketplace. For
example; how an initial public offering stock should be gutie How will a major
new investment project affect the return investors regoirea company stock?
Although CAPM is widely criticized due to its over-sinfipihg assumptions, it is
widely used because of the insights it offers and lssads accuracy suffices for

important applications.

Since its foundation, CAPM has attracted attentioaaademic environment as well
as professionals. During its half century history, th@mphdas been tested in many
of the developed markets and attracted many critiques diis twer-simplifying
assumptions. In any case; CAPM, which has brought itsdier the Nobel prize in
1990, is being widely used by both academicians and profeksiomh thus,

predictivity power of the model is crucial in investmentigdiens.

In this paper, our aim is to test the predictibility pow&ICAPM for the ISE. As a
relatively young market compared to developed marketse thgist only a few
studies regarding CAPM application in ISE. Hence, thisidar study attempts to
fill in this gap by testing the predictivity power of CAPMrfistanbul Stock

Exchange.

As an outline of the paper, the Markowitz’'s portfoliolesgion theory will be
discussed firstly since it is the fundamental assumpib@APM. Then, CAPM

theory and its formulation will be explained theorallie including its assumptions



and formulation. A detailed literature review in a sefmection follows the theory
and provides information about the testing methods perfotmneédte as well as the
critiques forwarded to the model. Finally, CAPM'’s preaintpower for ISE will be

tested for a specific sample by re-performance of Sh&ipigle Index Model. The

last section will include the concluding remarks.

For the testing purposes, monthly stock returns during th@-2004 period will be
used in order to measure the predictivity power of CAPMs T8tudy may be
considered as the first study which analyzes such a mangéer of observations for

the CAPM testing in ISE.

As the testing methodology, a time-series regressmatysis will be performed in
order to estimate beta value of each stock which; in, faweasures the risk
contribution of the stock to the market. Results effilst-pass regression will then
be used in a second regression analysis to investiga®PiMG suggestion —fisk
premium of a stock is a function of its beta and no other factor addsuto i&f the

stock— holds for ISE.



CHAPTER 2: PORTFOLIO THEORY

2.1. Risk Diversification

The presence of risk means that there exists the ptibpabat an outcome may be
different than expected. And, diversification is a meancontrol portfolio risk
whereby investments are made in a wide variety of assethat exposure to the
unsystematic risk of any particular security is limitdgbdie et al (2001)). To
examine the diversification effect precisely, it wobkelbetter to review the statistics

underlying portfolio risk and return characteristics.

To make an easier interpretation, we will consider afgartcomprised of two
mutual funds; a long term debt bond fund (denoted D) aastdbck fund (denoted E).
A proportion denoted by wvis invested in the bond fund and the remainder, gl- w
denoted by wis invested in the stock fund. Then; the rate of returthisnportfolio,

P;

P= Wp*rp + We*re (Eq - l)

When we re-arrange the portfolio return equation for ebgt®ns;

E[I’p] =Wp?* E[I'D] + Wg * E[I'E] (Eq — 2)

In general terms, for a portfolio composed of n riskgeds; expected return can be

stated as:

E[rpl =Zw;*E[ri] wherei=1,2,....n (Eq-23)

On the other hand, the variance of the two asset fiorif



G’ = Wp op° + WEPoE” + 2WoWeCOV(fo, TE) (Eq — 4)
where;
COV(I’D, rE) = PDE OD OE (Eq - 5)

The first observation regarding the above equationdas, the variance of the
portfolio, unlike the expected return, is not a weightegtage of the individual asset

variances. Referring to Eq — 5, it can be stated that;

Cov(rD, rD) = GD2
(Eq-16)
Cov(rE, rE) = GEZ

By using Eq — 6, we can reword Eq — 4 as follows:
6> = Wp COV(M, fp) + WeCoV(Ig, Te) + 2woWeCov(p, TE) (Eq-7)

In words; the variance of the portfolio is a weightedhsaf covariances, and each
weight is the product of the portfolio proportions of tpair of assets in the

covariance term.

On the other hand, combining Eq — 4 and Eq — 5; we can réxecinhe portfolio

variance as follows:
2 _ 2 2 2_ 2
Op =Wpop +Weog + 2WbWE ODOEPDE (Eq - 8)

In the case of perfect positive correlation, the@ation coefficient can have a value
of 1 at most fpe = 1). A value of 1 foppe equals the right hand side of Eq — 8 to a

perfect square and simplifies to;

6> = (Wpop + WeGE); or



Op= WpOp + WEGE (Eq-9)

Therefore, the standard deviation of the portfolio veinfect positive correlation is
just the weighted average of the component standard dedatn all other cases,
where the correlation coefficient is less than &,gbrtfolio standard deviation is less

than the weighted average of the components’ standardidavia

Because the portfolio’s expected return is the weiglatestage of its component
expected returns, whereas its standard deviation ishaesglie weighted average of
the component standard deviation, portfolios of less peafectly correlated assets
always offer better risk-return opportunities than tigividual component securities
offer on their own. This is in fact the power of divBcstion which reduces the

portfolio risk. The lower the correlation between tisses, the greater the gain in

efficiency.

To describe the mentioned statistics in words, one agrthat investors face two
kinds of risks, namely, diversifiable (unsystematia) aon-diversifiable (systematic
or market). Diversifiable risk is the risk that candassociated to events unique to a
particular firm. Since these events are essentiattdom, their effects on a portfolio
can be eliminated by diversification — bad events in ome \ill be offset by good
events in another. On the other hand, non-diverséiaisk can be associated with
overall movements in the general market or economy — lidosamic recession,
fluctuations in interest rates, labor market, etc. Thos-diversifiable risk cannot be

eliminated by constructing portfolios.
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Figure — 1 Risk Diversification

Figure - 1 represents how a portfolio risk reduces withitkkeecasing number of
stocks in a portfolio. In fact, adding a new stock eliames the firm specific risk of
other stocks and thus reduces the diversifiable risk. ®mtiher hand, adding new
stocks do not help in reducing the portfolio risk after éaatemnumber of stocks. The
remaining risk, which cannot be eliminated is the non-diftebde risk, which

mainly depends on the macro factors that affect redl firms whose stocks are

included in the portfolio.

By using Eq -8, the relation between expected return aritbfimrisk can easily be

interpreted for varying correlation coefficients andywag weights of securities.

Geometry of Combinations of Securities

E_p B
e shortq

Figure — 2 Geometry of Combinations of Securities



In Figure — 2, the straight line between points q and mesents the return-risk

relationship in case of perfect correlatippg= 1).

On the other hand, the triangle touching the y-axis, iscdse for perfect hedge
correlation ppe = -1). It can easily be noted that, the portfolio rigk de reduced to
“0” with a positive expected return for perfect hedge cééereover, the curve,
passing through points u and v, is the case for a comelatefficient between -1
and 1. From Figure - 2, it can be interpreted that; byiadi¢he assets weights, one
can increase the expected return while decreasing the ljportisk for any
correlation coefficient value except 1. Those mentolnees in Figure - 2 are called

as portfolio opportunity sets for different values of clatien coefficient.

2.2. Efficient Frontier and Optimal Portfolio

2.2.a. Efficient Frontier

As mentioned before, the idea of diversification isesty old debate. A model of
portfolio selection embodying the diversification prinegpwas first formalized by
Harry Markowitz in 1952. The model begins with the ideadifion of the efficient

set of portfolios; or, as it is often called, #fécient frontier of risky assets

The first step is the determination of the risk-return ofymities available to the
investors. This set of opportunities is called as rthieimum-variance frontier of
risky assetsThis frontier is a graph of the lowest possible vargathat can be

attained for a given portfolio expected return.

Figure — 3 below presents a graphical definition to minimanance portfolios. It is

clear that all the individual assets lie to the rigiside the frontier. This, in fact, tells



that risky portfolios constituted of only one singleedsare inefficient. Diversifying
investments leads to portfolios with higher expectedrnst and lower standard
deviation.

E| Investors
Prafer

\\ Minimum
variance
4" Frontier

STD
Figure — 3 Minimum Variance Frontier
Moreover, all the portfolios above the global minimuariance portfolio (point P on
Figure - 3) and upward provide the best risk-return combinatimhshas become an
optimal portfolio candidate. Therefore, the part ehimum variance frontier above
the global minimum variance portfolio is called &= tefficient frontier of risky
assets. For any portfolio on the lower portion of theimum variance frontier, there
is a portfolio with the same standard deviation but &ithigher expected return on
the efficient frontier. Hence, the lower part of thenimum variance frontier is

inefficient.

Efficient Frontier

Awerage Annual Rate of Return

Standard Deviation

Figure — 4 Efficient Frontier
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Figure — 4 is the graphical presentation of the efficfemtier; which is just the

upper part of the minimum variance frontier in Figure — 3

An important property of the efficient frontier

50/30 Mix of

" is that it'scurved not straight. In fact, it's the
Securities 1 and 2

" Securiyz  Key to explain how diversification lets the

improvement of reward-to-risk ratio. To see

why, imagine a 50/50 allocation between just

Security 1

two securities. Assuming that the year-to-year

Figure — 5 Diversification and Frontier performance of these two securities is not
perfectly in sync. That is, assuming that the great y@aishe bad years for Security
1 don't correspond perfectly to the great years and bad f@aSecurity 2. Then, the
standard deviation of the 50/50 allocation will less than the average of the
standard deviations of the two securities separatelypl@rally, this stretches the

possible allocation® the leftof the straight line joining the two securities.

In statistical terms, this effect is due to lack ofvamance. The smaller the
covariance between the two securities - the morebsync the securities are - the
smaller the standard deviation of a portfolio that congthem. The ultimate would
be to find two securities withegativecovariance (very out of sync: the best years of
one happen during the worst years of the other, and visa)verhis also explains
the different risk —return characteristics for varygagrelation coefficient shown in

Figure - 2.

11



2.2.b. Reward-To-Variability Ratio (Sharpe Ratio)

In the previous section, efficient frontier is definedbe the set of most efficient
portfolios for a given collection of securities inrtex of return and risk relationship.
The reward-to-variability ratio goes further and it ajuhelps to find the best
possible proportion of these securities to use, in a piortloat also contains a risk

free asset. The definition of the reward-to-variapidtio is:

S(X)=(x - ) /ox (Eq - 10)

Where;

X is an investment portfolio,

rx is the average annual rate of return of x,

rs is the risk free rate,

ox is the standard deviation gf r

As the name indicates, reward to variability rati@ isneasure of gain against each
unit of risk beared. To see how it helps in creating amapiportfolio, the efficient

frontier diagram, which also includes the risk free tassil be beneficial (Figure-6).

T
StdDewix)

Figure — 6 Capital Allocation Line

Two important results can be inferred from this diagram:

12



If an investment like "X" is combined with a risk-free dsse resulting portfolio
will lie somewhere along the straight line joining riske asset with “x”. (There is
not a damping out effect between risk free asset andtingas “x” since no risk is
associated with the risk-free asset. So, the diagsajust a straight line but not a

curve.)

Since any rational investor would like to maximize the rel@® variability ratio
(maximizing the rate of return per risk taken), the obyects to maximize the slope

of line drawn in the diagram, which is also the rewarddriability ratio.

Putting this all together suggests the method for findmagltest possible portfolio
from any collection of securities. First, the investmeith the highest possible
reward-to-variability ratioshould be found; next, thenear combination of this
investment should be taken with risk-free asset that proth@esiaximum return for

a given level of risk. The resulting portfolio will bleet most efficient portfolio.
In mathematical terms, the objective is;
Max S(X) =(k - ) /ox stXw=1 (Eq—11)

Taking derivative of this objective function with respeztweights will define the
optimum weights of each risky asset in the riskytfjpio. Once the weight of each
risky asset is calculated by using the above equationutility function of the

investors must be maximized to find the allocation betwihe risky portfolio and
risk-free asset. To show the mathematical interpogtaassume the utility function,

U, is;

U = E[r,] — 0.005Ac¢ (Eq —12)

13



Where; A is the coefficient of risk aversion and 0.00& scale factor. This function
indicates that the utility from a portfolio increases the expected rate of return
increases and it decreases when the variance incrddseselative magnitude of

these changes is governed by the coefficient of risk iavers

An investor who faces a risk free ratg,and a risky portfolio with expected return
E(rx) and standard deviatiark, will find that for any weight of risky portfolio yhe

expected return and variance of the portfolio is;
E(p) =1 +Y[E(x) -]  (Eq—13)
op = Y ox’ (Eq - 14)
Substituting Eq — 13 and Eq -14 in Eq -12 leads to;
U=r +Yy[E(x) - ] — 0.005Ayox 2 (Eq — 15)
Maximizing the utility function and solving for y leads teetequation below;
y = (E() - 1) / 0,01A0x> (Eq — 16)

In other words; allocation problem of each risky assethe optimal portfolio is
solved by maximizing the reward-to-variability ratio (Eq — Mhereas the weight

of risky portfolio is set by maximizing the utility funot of each investor.

If we combine the mathematics above with the integpiat of Figure — 6, we can

conclude that;

» If the risk tolerance level is reduced, the allocatiatio of risky assets

(stocks to bonds, i.e) will remain constant, and the atnotirisk free asset

14



will increase. (Graphically, the new point will be o tétraight line joining
risk free asset to the Efficient Frontier, and movimghe left.)

By decreasing the covariance between the risky asset&gsand bonds, i.e.)
one can allocate more money to risky portfolio and testhe risk-free asset,
thus raising the rate of return. (This is taking advantdgee curved shape
of the Efficient Frontier, stretching it further tcetkeft and tilting the line up.)
By increasing risk tolerance to a high enough level, otlegei a portfolio
composed of solely risky assets. This means reaching aiqgothe efficient

frontier, but to the right of the point where it irgects the straight line.

15



CHAPTER 3: CAPM THEORY

Capital Asset Pricing Model (CAPM) is a set of predios regarding equilibrium
expected returns on risky assets. CAPM was developeWibyam Sharp, John
Lintner and Jan Mossin after foundation of modern paetfehanagement by
Markowitz (Lintner (1965); Mossin (1966)). The model is bailt the idea that the
appropriate risk premium on any asset will be determineitisbyontribution to the

risk of investors’ overall portfolio.

3.1. Assumptions of CAPM

To derive its famous risk-return relationship, Sharp makesesassumptions to
simplify the complexity of investment arena. In fabtiese assumptions became the

center of critics forwarded to the model during the feastdecades.

a. Perfect Competition Assumption

The perfect competition assumption requires that wedltbach investor is small
compared to the total wealth traded in the market. M@ anvestors are price

takers, that is, they act as if security prices ateffected by their own trades.

b. Myopic Behaviour

All investors plan for one identical holding period. In atheords, they ignore
everything that may happen after the holding period. Se agsumption is usually

called as myopic behavior; which, in general, is foundetsuboptimal.
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c. Limited Number of Assets

The model assumes that investments are limited to \eensei of publicly traded
financial assets; such as, stocks, bonds and risk freeowing-lending
arrangements. This assumption excludes investments intraded assets like

human capital, social government investments, etc.

d. Costless Trading

Investors pay no tax for their profit on asset retammd pay no commission for their
trade transactions. In other words; there is no casba@ated with the trade

decisions.

e. Rational Investors

All investors are rational mean variance optimizensaning that they all use the

same Markowitz portfolio selection model.

f. Homogenous Expectations

All investors analyze securities in the same way ancestiha same economic view
of the world. That is; all investors consider the sgmnebability distribution of
future cash flows for the same assets. In other wailtlsnvestors use the same

input data list while deriving the Markowitz model.

Obviously, assumptions mentioned above ignore many redt vemmplexities.
However, these assumptions create a simple arena wisket equilibrium can be

created in a hypotetical world.
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Firstly, lendings and borrowings will cancel out ea¢heo so that the aggregate
risky portfolio equals the entire wealth of economy;ahkhis the market portfolio M.
The proportion of each stock in this portfolio equalsriteket value of the stock
divided by the sum of entire wealth of market. CAPM ieplthat as individuals
attempt to optimize their portfolios, they each arratethe same portfolio with

weights on each asset equal to those of the markeolmmrtf

Based on the assumptions, investors will desire to holatiade risky portfolios.

That is; if all investors use identical Markowitz angy&ssumption e) applied to
the same assets (assumptions c) for the same holdilgl g@ssumption b) and use
the same input list (assumption f), they all must aravehe same optimal risky

portfolio. This is figured in Fig — 7 below.

MARKET PORTFOLIO

4 EFFICIEMNT FROMTIER

EXPECTED RETURN

RISK-FREE ASSET

RISK

Figure — 7 Optimal Risky Portfolio (Market Portfolio)

Since the risky portfolio is composed of all riskyetss Capital Allocation Line of

Figure-6, becomes the Capital Market Line (CML) in Figiiéor the CAPM case.

With complete agreement about the distribution ofrretuall investors see the same
opportunity set and they combine the same risky tangencifolim (market

portfolio, M) with risk-free lending or borrowing.
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Since all investors hold the same same portfolio MisKyrassets, it must be the

value weighted market portfolio of risky assets.

Specifically, each risky asset’'s weight in the tangeportfolio must be the total
market value of all outstanding units of the asset divietbtal market value of all
risky assets. In addition, the risk-free rate mustdbecsclear the market for risk-free
borrowing and lending. In other words; CAPM assumptiongly that the market

portfolio must be on the minimum variance frontighe asset market is to clear.

3.2. Formulation of CAPM

CAPM is built on the idea that the appropriate risk ptamon an asset will be
determined by its contribution to the risk of investors’ ralteportfolio. Portfolio
risk is what matters to investors according to CAPMer€&fore, to derive CAPM,
one must concentrate on determining the amount of rislathasset contributes to a

portfolio.

Consider a portfolio that consists mflifferent assets. As per Eq -7; the variance of
the portfolio is a weighted sum of covariances, anth @agght is the product of the
portfolio proportions of the pair of assets in the c@ree term. It should also be
noted that all the investors use the same input ligimkowitz Portfolio according

to assumption-f; that is, the same estimates of éegereturns, variances and

covariances are used by all investors.

In line with EqQ-7 and the definition above, risk contribntof an asset “X” to the

portfolio may be defined as;

Wy [Wi1Cov(n, rx) + woCov(ly, Ix) + .. + wCov(rx, x) + .. + wCov(r, rx)] (Eq-17)
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EQ-17 defines risk contribution of asset X to the markethasweighted sum of
covariances, where each weight is the product of thi#ofio proportions of the pair
of assets in the covariance term. When there are ass®ts in the market, there will
be many more covariance terms than variance terorsdguently, the covariance of
a particular stock with all other stocks will dominateck X’s contribution to total

market portfolio, M. Eq - 17 may be summarized as Vadlo

Stock X’s risk contribution to the market M sc@ov(rx, rv) (Eq —18)

This can also be demonstrated mathematically. In litle &g — 3, the rate of return

on the market portfolio may be written as;

rm=2w*r; fori=1,2,...,n (Eq-19)

Hence, the covariance of the return on asset Xtiwémarket portfolio is;

Cov (1x, rm) = Cov (k, Zwi*ri) =X w; Cov(rk, i) fori=1,2,....,n (Eq-20)

Comparing the last term in Eq — 20 and Eq — 18, it can beadchflat the covariance
of X with the market portfolio is indeed proportional te tcontribution of X to the

variance of the market portfolio.

Result of Eq — 18 implies that; by providing returns that enoversely with the rest
of the market, asset X stabilizes the return on treradvportfolio if the covariance
between X and market is negative. On the contrarthefcovariance is positive,
asset X makes a positive contribution to overall pbotfosk because its returns

amplify swings in the rest of portfolio.
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Having measured the contribution of asset X to the maskédnce, the appropriate
risk premium of asset X can be measured. But, firsdystould note that the market
portfolio has a risk premium of Eff — rr and a variance afy leading to a reward to

variability ratio of;

Elrvm] = 1 / om? (Eq — 21)

It should be noted that the risk is measured in persguared as the variance of
market return since the appropriate risk measure of Xsi€dvariance with the

market portfolio (that is; its contribution to therigance of the market portfolio). This
ratio is also called as the market price of risk whigblans how much extra return

must be earned per unit of portfolio risk.

Consider an investor who is currently invested %100 in theehaoortfolio and
suppose he is willing to increase his position in the ntgpketfolio by a small
fraction, 5, financed by borrowing at the risk free rate. The pantfolio will be a
combination of three assets: the original position e rifarket with a return ofr
plus a short position in risk free asset that will netubrs, plus a long position in
market with a return odry. Summing up all the returns lead to a portfolio return of
rm + 8(rm — ). Taking expectations and comparing with the original etgzkreturn,

the incremental expected rate of return with the newtippdecomes;

AE[r] = E[rm + 8(rm — B)] — E[rv]

AE[] =38 [E(m) -]  (Eq-22)

To measure the impact of new position on the market micesk, the relevant

change on the portfolio variance should also be catdiahe new portfolio has a
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weight of (1 +5) in the market andds-in the risk free asset. Therefore, the variance

of the adjusted portfolio is;

or°= (L+8)%*om?= (1 + D +8) *om’=om’+ (B +8) om® (Eq—23)

Sinces has a very small value; which is less thaf’is very negligible compared to
206, so it can be ignored in portfolio variance caldolat Therefore, variance of the
new portfolio can be written asu® +250y° Finally, it can be concluded that the

increase in the variance of new portfolio is;

2 _ 2 2 2
Acp=op "+ 2 on - 6°m

Aop 2= B0m° (Eq — 24)

Summarizing Eq - 22 and Eq — 24, the trade-off between themeatal risk
premium and incremental risk, referred to as the margineg¢ of risk can be stated

as;

AE[r] | Ac®= [E(tm) — K] / 20m° (Eq — 25)

It can easily be noted that the marginal price of sshallf of the market price of risk

given in Eq — 21.

Now, suppose the investors prefers to invest the propditio asset X instead of
market. The new investment is financed by risk free ang. In this case; increase

in the mean excess return will be;

AE[r] = E[rw - ors +drx] - E[rm]

AE[] =38 [E(rx) — 1]  (EQ—26)

22



On the other hand; since the new portfolio will haweeaght of 1 in the markeg, in
asset X and & in the risk free asset; variance of the new portfolitl be
126m%+8%0x>+[2*1* 5*Cov(rx, fv)]. Comparing the new variance with the 100%

market portfolio’s variance, increase in the variacae be stated as;

Ace’ = Pon™+8%0x +[2*1* §*Cov(rx, fv)] - om’

Ac®= §%0m? + 25CoV(Kx, ) (Eq - 27)

Dropping the negligible term and summarizing Eq - 26 and Bd,-the marginal

price of risk of X is;

[E(rx) — 1] / 2Cov(K, fw) (Eq—-28)

In equilibrium, the marginal price of risk of asset Xishequal that of the market
portfolio. Otherwise, if the marginal price of risk X is greater than the market’s,
investors would prefer to increase their portfolio rewdod bearing risk by
increasing the weight of X in their portfolio (It shdube noted that CAPM
assumption requires rational behaviour of all investodsumage of the same input
lists). Until the price of asset X rises relative thee market, investors will keep
buying asset X. The process will continue until stockgsriadjust so that marginal
price of risk of X equals that of market. The same pcesreverse, will equal
marginal prices of risk when X’s initial marginal prioérisk is less than that of the
market portfolio. Equating the marginal price of risk o6X0 that of market results
in a relationship between the risk premium of X and tfaharket (Equaling Eq —

25 and Eq — 28);

[E(rvm) — K] / 2 om®= [E(rx) — K] / 2Cov(K, fw) (Eq - 29)
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By re-arranging Eq — 29;
E(rx) — = {CoV(rx, v) / om? }* [E(rm) — K] (Eq — 30)

In fact; in line with Eq -18, ratio of CowJ rv) / om?> measures the contribution of
asset X to the variance of the market portfolio ametibn of the total variance of
the market portfolio and is defined as bdtalsing this measure; Eq — 30 can be

reworded as Sharpe’s famous CAPM expected return-betarehip.

E(rx) =1 + Bx [E(tm) — 1] (Eq-31)

In fact, CAPM’s final conclusion above explains theessity of many assumptions.
If everyone holds an identical risky portfolio, theweryone will find the beta of each
asset with the market portfolio equals the asset’s béta his or her own risky

portfolio. Therefore, everyone will agree on the appaterrisk premium for each

asset.

3.3. Security Market Line

The expected return — beta relationship can be viewedeagaad-risk equation. The
beta of a security is the appropriate measure of kdbasause beta is proportional to

the risk that the security contributes to the optipmtfolio.

The expected return — beta relationship can be portrayed caliplas the security

market line (SML) in Figure - 8 below.
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Asset Class

Market
Bacurity

0 et 1.0

Figure — 8 Security Market Line (SML)
Because the market beta is 1, the slope is the riskiymeof the market portfolio.
At the point on the horizantal axis whgye 1 (which is the market portfolio’s beta),

the return just equals the market return.

It should be noted that Capital Market Line (CML) graphe tisk premiums of
efficient portfolios (portfolios composed of risky assand risk-free assets) as a
function of portfolio standard deviation. This is approgridiecause standard
deviation is a valid measure of risk for efficiently dsiéied portfolios that are
candidates for an investor's overall portfolio. The SMh contrast, graphs
individual asset risk premiums as a function of assét fihe relevant measure of
risk for individual assets held as parts of well diieediportfolios is not the asset’'s
standard deviation or variance; instead the contributiothefasset to the portfolio
variance, which we measure by the asset’s beta. The iSMdlid for both efficient
portfolios and individual assets. The slope of SMLhes ttisk premium for individual

assets which can be deducted from Equation-31.

Since the SML is the graphic representation of the a@grpereturn-beta relationship,
“fairly priced” assets plot exactly on the SML; that their expected returns are

commensurate with their risk. In case of validity oARM assumptions, all
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securities must lie on the SML in market equilibrium.weweer; if a stock is
perceived to be underpriced in the market, this will mde it will provide an
expected return in excess of the fair return stipdldig SML. In other words;
underpriced stocks will plot above SML. On the other hamy, over-priced stock
will plot below SML indicating that it will provide a #s return than stipulated by

SML.

However, any under or over-priced stock has to movea@guilibrium in the long-
run. Particularly, investors will tend to buy under-pricgdcks and the expected
return of these stocks will go down getting closer w@irtifair return stipulated by
SML. Likewise, investors will tend to sell over-pricstbcks, causing their expected

return to go up and move towards their fair return o.SM

3.4. Risk Factor of CAPM —Beta-

In the CAPM, the beta of an investment is the risk tha investment adds to a
market portfolio. An invesment with a beta greater thae is expected to rise more
than the market in a bull market, but also to fall endhan in a bear market.
Investments with beta’s less than one are typicallyendefensive. By contrast, they
are expected to rise less than the market on a markenugtd to fall less than the
market on a market downturn. The beta coefficient aésves an important role in
risk quantification and turns out to be the primary deteami of the market risk

exposure of an investment.

Hence, the roles of beta in investment decisions lmeasummarized as follows:

* To aid active portfolio design,

e To control risk,
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* To analyze performance,

* To establish expected returns using the traditional CAPM.

In fact, beta has evolved as a result of the attengpt®duce the complexity of
calculations required to implement the Markowitz poimfadelection theory. The
idea behind beta is to reduce the computational problenbgiiieking all stocks in
a market through a market index. The model that capturesetlationship is known
as Market Modelwhich is simply the estimation of beta coefficienstead of

computing huge number of complex covariance relationgigses (1991)).

There are three approaches available for estimatingdtee The first is to use the
historical data on market prices for individual investmente second is to estimate
the betas from the fundamental characteristics ofirtiestment. And finally, the

third is to use the accounting data.

3.4.a. Historical Market Betas

The conventional approach for estimating the beta afwastment is a regression of
the historical returns on the investments against tsirical returns on a market
index (Jones (1991)). For firms that have been traded inck stxachange for a

sufficient amount of time, it is relatively straifbtward to estimate returns that an
investor would have made on investing in stock in intervalel{ as weekly or

monthly) over that period. In theory, these stock retumnsthe assets should be
related to returns on a market portfolio, i.e. a padftiat includes all traded assets,
to estimate the betas of the assets. In practicenogiet tend to use a stock index,
such as the ISE-100, as a proxy for the market portfola naight estimate betas for

stocks against the index.
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The standard procedure for estimating betas is to regtesk returns (y against

market returns (f).

r=a+bg (Eq - 32)

where;

a = Intercept from the regression

b = Slope of the regression; Caw) / om>

The slope of the regression corresponds to the betaeaftock and measures the

riskiness of the stock.

The intercept of the regression provides a simple meaduperformance of the
investment during the period of the regression, when retwenmeasured against the
expected returns from the capital asset pricing modelreByrranging the CAPM

equation, this can be empasized easily.

i=r+p (m-r) =r(1-p) +Brv (Eq - 33)

Comparing Eq - 33 of the return on an investment to therretquation from the

regression:

r=a+bg (Eq - 34)

Thus a comparison of the intercept (a) #¢Llf ) should provide a measure of the
stock’s performance, at least relative to the capsakt pricing model. In summary

then;
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If a>nr(1-pB), Stock did better than expected during the regression.
If a=nr(1-p), Stock did as well as expected during regression period.

If a<nr(l-pB), Stock did worse than expected during regression period.

The difference between (a) and(1- B) is called Jensen’s alpha and provides a
measure of whether the investment earned a return grbateror less than its

required return, given both market performance and risis€ie(1968)).

Many investment and data service companies provide betaagssifor the stocks
being traded in developed markets. Merrill Lynch and Bloomineay be reminded
as the leading ones among these companies. Including th@#oneel two famous
firms, professionals usually prefer to usdjusted betanstead of historical market

beta.

The idea behind the adjusted beta is that; on averagdeta coefficients of stocks
move towards one over time (Jones (1991)). One explantdiothis approach is
intuitive. A business enterprise is usually establishgataduce a specific product or
service, and a new firm may be more unconventional tamwlder one in many
ways, from technology to management style. As it groh®wever, a firms
diversifies first expanding to similar products and latemiore diverse operations.
As the firm becomes more conventional, it startseegemble the rest of the economy

even more. Thus its beta coefficient will tend tond®in the direction of 1.

Another explanation for this approach is statistittals known that the average beta
of all stocks is 1. Thus, before estimating the béta stock the best estimate would
be 1. When the beta coefficient is estimated oveanapke period, some unknown

sampling error is sustained. The greater the differert@een the beta estimate and
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1, the greater is the chance that there will be a hugeat®n error incurred. The
historical market beta estimate is a good guess fosdhgle periodHowever, a
forecast of the future bethould be adjusted if the beta coeeficient tends teertm

1 in long-run.

Many investment professionals (including Merrill Lynch anddshberg) adjust

betas with the following formulation:

Adjusted beta = (2/3)*(Historical Beta) + (1/3)*(1) (Eg)35

Data providers and investment companies usually prefer theomee weights (2/3
and 1/3) in their computations; but, in fact they are lyoglbjective numbers. This
process only aims to adjust beta forecast towards 1 vghictld also be the average

beta of all securities.

3.4.b. Fundamental Beta

A second way to estimate betas is to look at the fueddal financial variables of
the firm (Jones (1991)). According to this approach the béta firm may be
estimated from a regression which also considers tiaadial power indicators such

as financial leverage, firm size, etc.

For example, if one believes that firms size and datibs are two determinants of

beta, the beta forecast regression can be establistielibavs:

Current beta = a +;l{Historical beta) + b(Firm size) + b (debt ratio) (EqQ - 36)

By estimating b, b, andb; future betas can be estimated. Of course there isasome

to limit beta factors with firm size andebt ratio. Such an approach was followed by
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Rosenberg and Guy who found the following variables t@ hmledict betas

(Rosenberg (1976)).

1. Variance of earnings,

2. Variance of cash flows,

3. Growth in earnings per share,
4. Market capitalization,

5. Dividend yield,

6. Debt-to-asset ratio

An interesting finding of Rosenberg and Guy is that eviger &ontrolling for a

firm’s financial characteristics, industry group (sectoejpk to predict beta. For
example, they found that the beta values of gold micmgpanies in US are on
average 0.827 lower than would be predicted based on finahaigdcteristics alone.
In fact, the adjustment factor, 0.827, for the gold inqustflect the fact that gold

values are inversely related to market returns.

3.4.c. Accounting Betas

A third approach is to estimate the market risk paramét@ns accounting earnings
rather than from traded prices (Jones (1991)). Thus, chamgasnings at a division
or a firm, on a quarterly or annual basis, can betedlto changes in earnings for the
whole market, in the same periods to calculate theustioy beta. However, there

are strong challenges against this approach:

First, accounting earnings tend to be smooth relativlaauhderlying value of the

company, since expenses and incomes are spread to mpétipdds. This results in
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betas that are “biased down” for risky firms and “bthgp” for safer firms. In other

words, betas are likely to be closer to 1 for athBrusing accounting data.

Second, accounting earnings are affected by non-operatiogsacich as changes in
depreciation or inventory methods and by allocation gpaxate expenses at the

divisional level.

Finally, accounting earnings are measured at most everyequard often once a
year. Hence, limited number of observation feed tlggession model which does
not provide a much explanatory power as a result. (losgéared, high standard

errors, etc.)
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CHAPTER 4: LITERATURE REVIEW

After its foundation, CAPM has found great attractionoagh academicians and
investment professionals. Especially, the assumptioaisallowed Sharp to derive
the simple version of CAPM were found unrealistioicgithen, financial economists
have been working on extending the model to describe meaiestic scenarios.

Hence, CAPM has found a huge place in literature. Ingars, the major CAPM

extension studies will be summarized first and therrébent testing methodologies
and challenges of CAPM will follow the literature rediag the CAPM extensions.

Finally, previous CAPM and price anomoly studies for ISElve discussed.

4.1. CAPM Extensions

4.1.a. CAPM for Portfolios

The logic behind CAPM theory is that; if everyone ha@dsidentical risky portfolio,
then everyone will find that the beta of each assdt thie market portfolio equals
the asset’s beta with his or her own risky portfdience, everyone will agree on the

appropriate risk premium for each asset.

The crucial question with this assumption is that whanly few investors hold the
market portfolio: Several authors showed that CAPM Wwdld true even if the
investors hold different portfolios due to any reason. Egample, Brennan
examined the impact of variaton in investors’ personal tates on market
equilibrium (Brennan (1973)). On the other hand, Mayers searttiee impact of
non-traded assets such as human capital (Mayers (1972).aBtitors found that
although the market portfolio is no longer each investoptimal risky portfolio, the

expected return-beta relationship should still hold irodified form.
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The main idea of these two studies is that; if the etgqukreturn-beta relationship
holds for any individual asset, it must hold for any carabon of assets. Suppose
that some portfolid® has weight w for stock k, where k = 1,2,3,.....,n. By writing
the CAPM equation for each stock and multiplying each temudy the weight of

the stock in the portfolio, the following equations abptained:

\I\ﬂ_E(rl) = WwWils + W]_B]_[E(I'M) — ﬁ]

+ \NzE(rz) = Wol's + W2B2[E(I'|v|) — ﬁ]

+ WhE(In) = Wal't + WaBn[E(rm) — 1]

E(F) =r+Be[E(m) -1 (Eq—37)
In fact; summing all the CAPM equations of individualeissshow that CAPM
holds for the overall portfolio because B(x > wip« is the expected return on the
portfolio and Bp =Y Wi Pk is the portfolio beta. It is also clear that thisutesnust be

also true for the market portfolio.

E(mv) = 1 + Bm[E(rm) — 1] (Eq-38)
Since:pm = Cov (k, fv) / om® = om?/ om®= 1, the CAPM equation also holds for the
market portfolio. In fact, these studies also establisk th@weighted average value
of beta across all securities. If the market befl Bnd the market portfolio consists
of all assets in the economy, the weighted average detll assets must be 1.
Hence, betas greater than 1 are considaggtessivemeaning that these stocks
shows above average sensitivity to market fluctuati@msthe contrary, betas below

than 1 are described defensive
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4.1.b. Multifactor Models

The idea behind the multifactor model is that market neteflects macro factors as
well as the average sensitivity of firms to those faxctdWhen a single-index
regression is estimated, there is an incorrect assomibiat each stock has the same
relative sensitivity to each risk factor. Hence, dcits differ in their betas relative to
macro-economic factors, then summing all the systemaks into one variable (in
the case of single-index model) such as the market reynores the variance of
stocks’ sensitivities for each factor. Therefore, mhgltifactor model is formed as

follows:

rt:(X+Bx1X1+Bx2X2+ +BXan (Eq —39)

where X denotes the macro-economic risk factors gadlenotes the sensitivity of

security regarding the risk factor.

An important study regarding the multifactor model belo@den, Roll and Ross
who used the following set of macro-economic risk fextortheir model (Chen et al

(1986));

IP = % change in industrial production

El = % change in expected inflation

Ul = % change in unanticipated inflation

CG = excess return of long term corporate bonds ongrterm bonds

GB = excess return of long-term government bonds oxmhsl

Their model was set as follows:

Rit = ai + Biipl Pt + BiglElt + Bivi Ult + PiccCG: + PicsGB: (Eq — 40)
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Chen, Roll and Ross found that stock returns are higblyelated with the
mentioned five macro-factors they used in their modefla¢ty, impact of any macro-
economic variable - other than the mentioned ones -stock returns can be

measured with the multifactor model.
4.1.c. Conditional CAPM

One of the mostly criticized assumptions of CAPMHhattit ignores an important
asset; human capital. The value of future wages and ca@m for expert services
is a significant component of the wealth of investdtsreover, it is reasonable to
expect that changes in human capital are more |ess ghrfectly correlated with

asset returns and hence they diversify the risk ostoveportfolios.

Jaganathan and Wang used a proxy for changes in the vdtuenah capital based
on the rate of change in aggregate labor income (Jagan@B96)). In addition to
the standard stock betas estimated using the value-weighdek market index,
which will be denoted ag"", they also estimated the betas of assets with regpec
labor income growth, which will be denoted [ﬁébm. Finally, they considered the
possibility that business cycles affect assets bé&tasy used the difference between
the yields on low and high grade corporate bonds as a pooxthé state of the
business cycle and estimate asset betas relativestbusiness cycle variable, which

Prem

will be denoted ag

With the estimates of these three betas for sewtoak portfolios, Jaganathan and
Wang estimated a second-pass regression which includesifienfjmarket value of

equity, ME):

E(f) = @ + Gsizdog(ME) + Guf™ + Goren ™+ GLapoP-2"" (Eq - 41)
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Results of this second-pass regression are found to de mme supportive than the
single-index model’s. In fact, explanatory power of thguations that include,
Jaganathan and Wang's expanded set of explanatory varigiech the authors
called “conditional”) is much greater than Sharp’s teatsl the significance of the
size variable disappears.As a result of this study, auttumsluded that firm size
does not improve return predictions once the variablésdsia conditional CAPM

are accounted for.

4.1.d. The Zero Beta Model

The simplest extension to the standard CAPM involvepming the assumption of
no lending/borrowing constraints while maintaining theuasption of short sales. In
reality, although lending funds is free at the riskieds, borrowing is not, or if it is

allowed it involves a higher borrowing rate. An equilibrisempected return-beta
relationship in the case of restrictions on risk-free stwments was developed by

Fischer Black (Black (1972)).

Black concentrated on the case where there is niesskate of interest, so neither
lending nor borrowing are allowed. He concluded that wliffe portfolio

combinations will all lie on the capital market line.

In particular, the market portfolio will also lie on CMs it is a linear combination
of all individual risky assets. Therefore, one may &edeportfolioZ with zero beta
lying on the vertical axis and the market portfdifoas two points which together
specify the straight line. It should be noted that aitfioa riskless asset uncorrelated
with the market portfolio (zero-beta) does not existarndssumptions, one can

always find a risky portfolio uncorrelated with the markehich lies on the
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minimum variance frontier by extending the horizoritaé corresponding to the
riskless asset's expected return. The straight Imknty Z and M then becomes the
security market line, and the resulting version of the?®As commonly known as
the zero-beta, or two-factor CAPM, in reference to fet that all portfolios are
formed as combinations of two portfolios (factorsg t#tero-beta portfolio and the

market portfolio.

The optimal portfolio choice for each investor res@iitsn a similar exercise as in
the case of two assets or portfolios explained prewomspart 2.2. Assumingi

denotes the scale relating the weighted sum of variandecovariances of asset |
with all other assets, the assets’s expected retuen the riskless rate of return

would be:
E(R) — E(R) =AXioi" +AYXjo;  wherei=1,2,3,..N (Eq—42)

In fact, this is a system & equations, one for each risky asset. The right hared sid

of the above equation is just the covariance of assh the market, so:
E(R) — E(R) =Aoim (Eq-43)

which can be expressed as:
E(R) = E(Ry) +Acim (Eq —44)

Since above equation holds for every asset, it alddsHor the market portfolio,
which is a linear combination of all assets. SubstituithiM gives the coefficienk
. as the ratio of the excess market expected return beegetro-beta portfolio and the

market variance:
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L =E(Rw) - E(Ry) / om® (Eq—-45)

Substituting this expression fdr, back into equation-42 yields the equilibrium

relationship between risk and expected return for any &asihe zero-beta model:

E(R) = E(R) + (oin/ om*) *[E(Rw) - E(R))]

E(R) = E(R) +Bi* [E(Rw) - E(R)] (Eq —46)

So the standard CAPM relationship between market risk epected return is
maintained in the absence of a riskless asset. As aamee, there is an unlimited
number of potential zero-beta portfolios offering expdcreturn E(R). Rational
investors will choose the combination #fand M lying on the minimum variance
frontier in [E(R;), o] space. It is easy to check that the minimum-variaere-beta
portfolio cannot be on the efficient frontier: on tbhae hand, it is not the global
minimum variance portfolio, and on the other hand, lim@ambinations oZ and the
market portfolio offer higher expected return thaitself. However, the zero-beta
CAPM shows that all investors optimize by holding saroebination oZ and M.
Since the aggregate portfolio is the market portfolio atlygregate holding af must

be zero (long positions must net out short positions).

4.2. Test Methodology

Tests of the CAPM are based on three implicationd@ft¢lation between expected
return and market beta implied by the model. First, eggeeturns on all assets are
linearly related to their betas, and no other variabgerharginal explanatory power.
Second, the beta premium is positive, meaning that {eceed return on the market

portfolio exceeds the expected return on assets whasesere uncorrelated with
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the market return. Third, in the Sharpe-Lintner versidntl® model, assets
uncorrelated with the market have expected returns eqjtia trisk-free interest rate,
and the beta premium is the expected market return meusigk-free rate. Most

tests of these predictions use either cross-sectiomerseries regressions.

4.2.a. Tests on Risk Premiums

The early cross-section regression tests focus onStiepe — Lintner model's
predictions about the intercept and slope in the reldigtween the expected return
and market beta. The approach is to regress a crossasetwerage asset returns
on estimates of asset betas. The model predictshinatitercept in these regressions
is the risk-free rate,;,rand the coefficient on beta is the expected returrihe

market in excess of the risk-free rate M 1.

Two problems arise regarding this type of test methodolByst, estimates of beta
for individual assets are imprecise, creating a measunmesner problem when they
are used to explain average returns. Second, the regressiduals have common
sources of variaton such as industry effects in averagese Positive correlation in

the residuals produces downward bias in the usual ordinatydgaares estimates of

the standard errors of the cross-section regressapesl|

To improve the precision of estimated betas, reseachiech as Blume, Friend
Black, Jensen, and Scholes work with portfolios, rathan individual securities
(Blume (1970); Friend et al (1970); Black et al (1972)). Singeeeted returns and
market betas combine in the same way in portfolios,efGAPM explains security

returns it also explains portfolio returns.
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Formally, if x%p, 1 = 1,...,N, are the weights for assets in some plwtfo, the
expected return and market beta for the portfolio dege@ to the expected returns

and betas of assets as;

Elrel = 2 Xip E(r)) (Eq—-47)

Bp= 2 Xip Bi (Eq—-48)

Thus, the CAPM relation between expected return aral bet

Efre] = re +Be[E(rv) - 1] (Eq —49)

holds when asset i is a portfolio, as well as whisran individual security.

Estimates of beta for diversified portfolios are engrecise than estimates for
individual securities. Thus, using portfolios in cross-sactegressions of average
returns on betas reduces the critical errors in blasaproblem. Grouping, however,
shrinks the range of betas and reduces statistical pdwemitigate this problem,
researchers sort securities on beta when forming ghodf the first portfolio
contains securities with the lowest betas, and so oty tige last portfolio with the

highest beta assets.

Fama and MacBeth propose a method for addressing therno&problem caused
by correlation of the residuals in cross-section regvass{Fama et al (1973)).
Instead of estimating a single cross-section regres$ianmenage monthly returns on
betas, they estimate month-by-month cross-sectioessipns of monthly returns on
betas. The times series means of the monthly slopesngercepts, along with the
standard errors of the means, are then used to tedtextibe average premium for

beta is positive and whether the average return orsassedrrelated with the market
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is equal to the average riskfree interest rate. Inapgoach, the standard errors of
the average intercept and slope are determined by the #twentbnth variation in
the regression coefficients, which fully captures tieces of residual correlation on
variation in the regression coefficients, but ignores troblem of actually
estimating the correlations. The effects of residualetation are, in effect, captured

via repeated sampling of the regression coefficients.

Jensen was the first to note that the Sharpe — Linrsion of the relation between
expected return and market beta also implies a timesseaggression (Jensen
(1968)). The Sharpe — Lintner CAPM says that the averdge whan asset’'s excess
return (the asset’s return minus the riskfree interate, R - Ry) is completely
explained by its average realized CAPM risk premium (its lbenes the average
value of Ry - Ry). This implies that “Jensen’s alpha,” the intercepirt in the time-

series regression;

Rit - Rt = o + Bim (Rme - Re) + &it (Eq —50)

is zero for each asset.

The early tests firmly reject the Sharpe — Lintnersion of the CAPM. There is a
positive relation between beta and average returni Imitoo “flat”. Recall that, in
cross-section regressions, the Sharpe — Lintner modet{w daat the intercept is the
risk free rate and the coefficient on beta is the ebggemarket return in excess of the
riskfree rate, E(R) - R. The regressions consistently find that the intercegtaater
than the average riskfree rate (typically proxied as rturn on a one-month
Treasury bill), and the coefficient on beta is lelsant the average excess market

return (proxied as the average return on a portfolio.8tf dommon stocks minus the
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Treasury bill rate). This is true for many of the eaelsts performed by authors like
Douglas, Black, Jensen, Miller, Blume, Fama as weihasore recent cross-section
regression tests, like Fama and French (Douglas (1968)k Bt al (1972); Miller et

al (1972); Blume et al (1973); Fama et al (1973); Fama et al (1992)

The evidence that the relation between beta and avewigen is too flat is
confirmed in time series tests, such as Friend and BIBtaek, Jensen and Scholes,
Stambaugh (Friend et al (1970); Black et al (1972); Stambawug82)). The
intercepts in time series regressions of excess asgens on the excess market

return are positive for assets with low betas and theggfor assets with high betas.

The Sharpe — Lintner and Black versions of the CAPM stiegrediction that the
market portfolio is mean-variance-efficient. This inaglithat differences in expected
return across securities and portfolios are entegplained by differences in market
beta; other variables should add nothing to the explanafiexpected return. This
prediction plays a prominent role in tests of the CARM.the early work, the

weapon of choice is cross-section regressions.

In the framework of Fama and MacBeth, one simply agds-determined
explanatory variables to the month-by-month crosssecegressions of returns on
beta. If all differences in expected return are exgladiby beta, the average slopes on
the additional variables should be reliably zero. @Gje#ne trick in the cross-section
regression approach is to choose specific additionalblasidikely to expose any
problems of the CAPM prediction that, because the mapketfolio is efficient,

market betas suffice to explain expected asset returns.
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For example, in Fama and MacBeth’s study, the additivagables are squared
market betas (to test the prediction that the reldi®tween expected return and beta
is linear), and residual variances from regressiongtofns on the market return (to
test the prediction that market beta is the only meastirisk needed to explain
expected returns). The results show that the averaggesslon the additional
variables are zero within a statistically significaabge. These variables do not add
to the explanation of average returns provided by betas, The results of Fama and
MacBeth are consistent with the hypothesis that therket proxy — an equal-

weight portfolio of NYSE stocks — is on the minimumigace frontier.

4.2.b. Time Series Regressions

The hypothesis that market betas completely explainategeaeturns can also be
tested using time-series regressions. In the timesseegression described above
(the excess return on asset i regressed on the exeekst return), the intercept is
the difference between the asset's average excess) ratul the excess return
predicted by the Sharpe — Lintner model, that is, betastithe average excess
market return. If the model holds, there is no way foug assets into portfolios
whose intercepts are reliably different from zeror Egample, the intercepts for a
portfolio of stocks with high ratios of earnings to présel a portfolio of stocks with
low earning-price ratios should both be zero. Thus,dbthe hypothesis that market
betas suffice to explain expected returns, one estintéetime-series regression for
a set of assets (or portfolios), and then jointlystéise vector of regression intercepts
against zero. The trick in this approach is to choosesftiidand-side assets (or form
portfolios) in a way likely to expose any shortcoming & ®APM prediction that

market betas suffice to explain expected asset returns.
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In early applications, researchers use a variety a$ tes determine whether the
intercepts in a set of time-series regressions areeed. The tests have the same
asymptotic properties, but there is controversy about wiastthe best small sample
properties. Gibbons, Ross and Shanken settle the debateviging an F-test on the
intercepts that has exact small sample properties (@sobbal (1989)). They also
show that the test has a simple economic interpoetdn effect, the test constructs a
candidate for a tangency portfolio by optimally combinihg market proxy and the
left-hand-side assets of the time series regressidrmes estimator then tests whether
the efficient set provided by the combination of this tangeportfolio and the
riskfree asset is reliably superior to the one obthlmecombining the riskfree asset
with the market proxy alone. In other words, the GibbdRess, and Shanken
statistic tests whether the market proxy is the tangemrtfolio in the set of
portfolios that can be constructed by combining the maidefgtio with the specific

assets used as dependent variables in the time seriessiegs.

Enlightened by this insight of Gibbons, Ross, and Shanken,can see a similar
interpretation of the cross-section regression testhether market betas suffice to
explain expected returns. In this case, the test isheh¢he additional explanatory
variables in a crosssection regression identify patiartig returns on the left-hand-
side assets that are not explained by the assets’ nimatieet This amounts to testing
whether the market proxy is on the minimum variancentieo that can be

constructed using the market proxy and the left-handsié¢sassluded in the tests.

According to Ross, time-series and cross-section semgmes do not test the CAPM.
What is literally tested is whether a specific proxytfte market portfolio (typically

a portfolio of stocks) is efficient in the set of dolibs that can be constructed from
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it and the left-hand-side assets used in the test. Qyig sonclude from this that the

CAPM has never been tested, and prospects for testing fitot good because:

1) the set of left-hand-side assets does not incluaraaketable assets, and

2) data for the true market portfolio of all assetsligsdy beyond reach.

But this criticism is leveled at tests of any economimdel when the tests are less
than exhaustive or when they used proxies for the vasiaalbed for by the model.
The bottom line from the early cross-section regresssts of the CAPM, such as
Fama and MacBeth, and the early time-series regresssts, like Gibbons and
Stambaugh, is that standard market proxies seem to lbeeominimum variance

frontier (Gibbons et al (1982); Stambaugh (1982)).

That is, the central predictions of the Black versddnhe CAPM, that market betas
suffice to explain expected returns and that the rigknprm for beta is positive,
seem to hold. But the more specific prediction of $trarpe — Lintner CAPM that
the premium per unit of beta is the expected market returas the riskfree interest

rate is consistently rejected.

The success of the Black version of the CAPM in et$ys produced a consensus
that the model is a good description of expected retulmeselearly results, coupled

with the model’s simplicity and attracted a great adattention.

4.3. Recent Tests

Starting in the late 1970s, empirical works challenged ¢éverBlack version of the
CAPM. Specifically, evidence mounts that much of theatam in expected return

is unrelated to market beta.
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The first challenge is Basu’s evidence that when comstocks are sorted on
earnings-price ratios, future returns on high E/P stockigheer than predicted by
the CAPM (Basu (1977)Banz documents a size effect; when stocks are sornted o
market capitalization (price times shares outstandiaggrage returns on small
stocks are higher than predicted by the CAPM (Banz (198hgnéari finds that
high debt-equity ratios (book value of debt over the mavkdiie of equity, a
measure of leverage) are associated with returns thaia high relative to their
market betas (Bhandari (1988)). Finally, Statman and Resgntblocument that
stocks with high book-to-market equity ratios (B/M, th&o of the book value of a
common stock to its market value) have high averagensthat are not captured by

their betas (Statman (1980); Rosenberg et al (1985)).

There is a theme in the contradictions of the CAPM reanrzed above. Ratios
involving stock prices have information about expected retunissed by market
betas. In fact, this is not surprising. A stock’s price ddperot only on the expected
cash flows it will provide, but also on the expected rretitthat discount expected
cash flows back to the present. Thus, in principle tlmsscsection of prices has
information about the cross-section of expected retu@shigh expected return
implies a high discount rate and a low price.) The £8&xtion of stock prices is,
however, arbitrarily affected by differences in sc@e units). But with a rational
choice of scaling variable X, the ratio X/P can reveff¢ences in the cross-section
of expected stock returns. Such ratios are thus primeidzed to expose
shortcomings of asset pricing models — in the case @@ &M, shortcomings of the
prediction that market betas suffice to explain exgeceturns (Ball (1978)). The
contradictions of the CAPM summarized above suggesteddatings-price, debt-

equity, and book-to-market ratios indeed play this role.

a7



Fama and French update and show the evidence on the @infarigres of the
CAPM. Using the cross-section regression approach, twyirm that size,
earnings-price, debt-equity, and book-to-market ratios add eoeiplanation of
expected stock returns provided by market beta. Fama andhFresch the same
conclusion using the time-series regression approach dgpliportfolios of stocks
sorted on price ratios (Fama et al (1996)). They alsothatl different price ratios
have much the same information about expected retunmsisTnot surprising given
that price is the common factor in the price rat@&ox] the numerators are just scaling

variables used to extract the information in price abrpeeted returns.

Fama and French also confirm the evidence that thBorelaetween average return
and beta for common stocks is even flatter afteistimple periods used in the early

empirical work on the CAPM.

However, estimate of the beta premium may be challerdyexl to statistical

uncertainty (a large standard error). Kothari, Shanked,Soan try to support the
Sharpe — Lintner CAPM by arguing that the weak relatidméen average return
and beta is just a chance result (Kothari et al (19%3)).the strong evidence that
other variables capture variation in expected return migsedeta makes this
argument irrelevant. If betas do not suffice to explaipeeted returns, the market
portfolio is not efficient, and the CAPM does not woBvidence on the size of the

market premium can neither save the model nor fudiaitenge.

Chan, Hamao, and Lakonishok find a strong relation betweek-to-market equity
(B/M) and average return for Japanese stocks (Chan(#9@1)). Capaul, Rowley,
and Sharpe observe a similar B/M effect in four Euromtack markets and in Japan

(Capaul et al (1993)). Fama and French find that the pdtiesrthat produce
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problems for the CAPM in U.S. data show up in the sameimvthye stock returns of
twelve non-U.S. major markets, and they are alsceptés emerging market returns
(Fama et al (1998)). This evidence suggests that the canimadi of the CAPM

associated with price ratios are not sample specific.

4.3.a. Explanations - Irrational Pricing or Risk -

There are two distinct arguments among those who condhatethe empirical
failures of the CAPM are fatal. First one is the badvalists. Their view is based on
the evidence that stocks with high ratios of book vatu@rice are typically firms
that have fallen on bad times, while low B/M is ass®d with growth firms
(Lakonishok et al (1994); Fama et al (1995)). The behavisaigjue that sorting
firms on book-to- market ratios exposes investor ovetigato good and bad times.
Investors over-extrapolate past performance, resuitingtock prices that are too
high for growth (low B/M) firms and too low for distresk (high B/M, so-called
value) firms. When the overreaction is eventuallyected, the result is high returns
for value stocks and low returns for growth stocks. Theswvis supported by
DeBondt, Lakonishok, Shleifer and Haugen who are considerbd tinfounders of

behavioural finance (DeBondt et al (1987); Lakonishok (1994); Ha(i95)).

The second argument for the empirical contradictafrite CAPM is that they point
to the need for a more complicated asset pricing moded. CAPM is based on
many unrealistic assumptions. For example, the assomptat investors care only
about the mean and variance of distributions of onegeportfolio returns is
extreme. It is reasonable that investors also caoetatow their portfolio return
covaries with labor income and future investment oppdrsn so a portfolio’s

return variance misses important dimensions of risksolf market beta is not a
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complete description of an asset’s risk, and we shooldoe surprised to find that
differences in expected return are not completely engdbby differences in beta. In
this view, the search should turn to asset pricing models do a better job

explaining average returns.

4.3.b. Intertemporal CAPM and Fama-French’s Three Factor Model

Merton’s intertemporal capital asset pricing model (IGARs a natural extension of
the CAPM (Merton (1973)). The ICAPM begins with a diffet assumption about
investor objectives. In the CAPM, investors care only abimtvealth their portfolio
produces at the end of the current period. In the ICARNMgStors are concerned not
only with their end-of-period payoff, but also with the ogpnities they will have to
consume or invest the payoff. Thus, when choosing dgtiorait time t-1, ICAPM
investors consider how their wealth at t might varghwiuture state variables
including labor income, the prices of consumption goods, anadture of portfolio
opportunities at t, and expectations about the labooniec consumption, and
investment opportunities to be available after t. Like CARMestors, ICAPM
investors prefer high expected return and low return neeiaBut ICAPM investors
are also concerned with the covariances of portfotiarme with state variables. As a
result, optimal portfolios are “multifactor efficiehtwhich means they have the
largest possible expected returns, given their returanvees and the covariances of

their returns with the relevant state variables.

Fama shows that the ICAPM generalizes the logihefGAPM. That is, if there is
riskfree borrowing and lending or if short-sales okyisssets are allowed, market
clearing prices imply that the market portfolio is nfatttor efficient (Fama (1996)).

Moreover, multifactor efficiency implies a relatibetween expected return and beta
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risks, but it requires additional betas, along with aketabeta, to explain expected

returns.

An ideal implementation of the ICAPM would specifyethtate variables that affect
expected returns. Fama and French take a more indireaagbprwhich is more

similar to Ross’s arbitrage pricing theory (APT) (Famale(1993); Ross (1976)).

They argue that though size and book-to-market equity aréhemselves state
variables, the higher average returns on small stock&igh book-to- market stocks
reflect unidentified state variables that produce undivelsé risks (covariances) in
returns that are not captured by the market return esgraced separately from
market betas. In support of this claim, they show thatreturns on the stocks of
small firms covary more with one another than wittumes on the stocks of large
firms, and returns on high book-to-market (value) stoakg&ry more with one

another than with returns on low book-to-market (growstbcks. Fama and French
show that there are similar size and book-to-markeeettin the covariation of

fundamentals like earnings and sales.

Based on this evidence, Fama and French propose a tloeg-fedel for expected

returns;

E[I’it] —Ig= BiM (E[rit] - rﬂ) + BiS E(SMB) + Bih E(HMLt) (Eq - 51)

In this equation, SMB(small minus big) is the difference between the retawms
diversified portfolios of small and big stocks, HMlhigh minus low) is the
difference between the returns on diversified portéobd high and low B/M stocks,
and the betas are slopes in the multiple regressi® oR: on Ry - Ry, SMB,, and

HML.:.
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One implication of the expected return equation of kineg-factor model is that the

intercepto; in the time series regression;

Mt — = oi+ Pim ('t — 1) + Pis SMBt + Bin HML+ &;t (Eq - 52)

is zero for all assets i. Using this criterion, Famd &rench find that the model
captures much of the variation in average return for gar$f formed on size, book-
to-market equity, and other price ratios that cause prablenthe CAPM. Fama and
French show that an international version of the rh@d#eforms better than an
international CAPM in describing average returns on pasdolormed on scaled

price variables for stocks in 13 major markets.

The three- factor model is widely used in empiricaéagsh that requires a model of
expected returns. Estimates ffrom the time-series regression above are used to
calibrate how rapidly stock prices respond to new inforomatifor example,
Loughran and Ritter, Mitchell and Stafford (Loughran e(1#195); Mitchell et al
(2000)) . They are also used to measure the special iformaf portfolio
managers, for example, as it is in Carhart’s studymotual fund performance

(Carhart (1997)).

From a theoretical perspective, the main shortcomirtheothree-factor model is its
empirical motivation. The small-minus-big (SMB) and higirus- low (HML)
explanatory returns are not motivated by predictiormaiabtate variables of concern
to investors. Instead they are clear force construeanito capture the patterns
uncovered by previous work on how average stock returnswilnysize and the

book-to-market equity ratio.
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However, the ICAPM does not require that the additigeatfolios used along with
the market portfolio to explain expected returns “mintle3 relevant state variables.
In both the ICAPM and the arbitrage pricing theory,uifises that the additional
portfolios are well diversified (they are multifactminimum variance) and that they
are sufficiently different from the market portfolio capture covariation in returns
and variation in expected returns missed by the markefofor Thus, adding

diversified portfolios that capture covariation inums and variation in average
returns left unexplained by the market is in the spfiboth the ICAPM and the

APT.

The behavioralists are not impressed by the evidenca igk-based explanation of
the failures of the CAPM. They typically concede tlhé three-factor model
captures covariation in returns missed by the marketrrerd that it picks up much
of the size and value effects in average returns leftplamed by the CAPM. But
their view is that the average return premium assatiatth the model's book-to-
market factor — which does the heavy lifting in the improveamemthe CAPM — is
itself the result of investor overreaction that hapgense correlated across firms in
a way that just looks like a risk story. In shortthe behavioral view, the market

tries to set CAPM prices, and violations of the CARM due to mispricing.

The conflict between the behavioral irrational pricgtgry and the rational risk story
for the empirical failures of the CAPM is a stilpaing-on debate. Fama emphasizes
that the hypothesis that prices properly reflect avalaifbrmation must be tested in
the context of a model of expected returns, like thePBA(Fama (1970)).
Intuitively, to test whether prices are rational, anast take a stand on what the

market is trying to do in setting prices, that is, wisatisk and what is the relation
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between expected return and risk. Thus, when tests tbe CAPM, one can't say
whether the problem is its assumption that pricesai@nal (the behavioral view) or

violations of other assumptions that are also necg$sgroduce the CAPM.

The way one uses the three-factor model does not deperwhe’s view about

whether its average return premiums are the ratioesuiltr of underlying state
variable risks, the result of irrational investor behgviy sample specific results of
chance. For example, when measuring the response ok gioces to new

information or when evaluating the performance of aggd portfolios, one wants to
account for known patterns in returns and average retarrthd period examined,
whatever their source. Similarly, when estimating thst of equity capital, one
might be unconcerned with whether expected return premiare rational or

irrational since they are in either case part ofdpportunity cost of equity capital
(Stein (1996)). But the cost of capital is forward- lookisg, if the premiums are

sample specific they are irrelevant.

The three-factor model is ntite sole and best solution of the asset pricing model. It
most serious problem is the momentum effect of Jegadeekiitman (Jegadesh et
al (1993)). Stocks that do well relative to the markedrahe last three to twelve
months tend to continue to do well for the next fewnths, and stocks that do poorly
continue to do poorly. This momentum effect is distifrctm the value effect
captured by book-to-market equity and other price ratioseMar, the momentum
effect is left unexplained by the three-factor model,wedl as by the CAPM.
Following Carhart, one response is to add a momentutorfgthe difference
between the returns on diversified portfolios of shamatevinners and losers) to the

three- factor model. This is again legitimate in apploai where the goal is to
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abstract from known patterns in average returns touwamcoformation-specific or
manager-specific effects. But since the momentum eiesthort- lived, it is largely
irrelevant for estimates of the cost of equity capi@me other recent researches
point to problems in both the three-factor model and th@@AFrankel and Lee,
Dechow, Hutton and Sloan, and finally Piotroski show thgortfolios formed on
price ratios like book-to-market equity, stocks with leigbxpected cash flows have
higher average returns that are not captured by the thces-imodel or the CAPM
(Frankel et al (1998); Dechow et al (1999); Piotroski (2000)g dithors interpret
their results as evidence that stock prices are inalkidghey do not reflect available

information about expected profitability.

4.3.c. The Market Proxy Problem

Roll argues that the CAPM has never been tested aishiply never will be (Roll
(1997)). The problem is that the market portfolio of the masleheoretically and
empirically elusive. It is not theoretically cleahiwwh assets (for example, human
capital) can legitimately be excluded from the marketfplio, and data availability
substantially limits the assets that are included. Assalt, tests of the CAPM are
forced to use proxies for the market portfolio, in effessting whether the proxies
are on the minimum variance frontier. Roll argues bemiause the tests use proxies,

not the true market portfolio, we learn nothing aboutGA& M.

According to Fama and French, the relation betweeaagd return and market beta
of the CAPM is just the minimum variance conditiorttlinolds in any efficient

portfolio, applied to the market portfolio (Fama et20@4)). Thus, if we can find a
market proxy that is on the minimum variance frontieigan be used to describe

differences in expected returns.
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The strong rejections of the CAPM described above, haweeg that researchers
have not uncovered a reasonable market proxy that is tdafie minimum variance

frontier.

Stambaugh tests the CAPM using a range of market posdfofiat include, in
addition to U.S. common stocks, corporate and governbunds, preferred stocks,
real estate, and other consumer durables. He findgasist of the CAPM are not
sensitive to expanding the market proxy beyond common stbakgally because
the volatility of expanded market returns is dominated H®y volatility of stock

returns.

Fama and French argue that; one need not be convincddrpa&igh’s results since
his market proxies are limited to U.S. assets. If irdBonal capital markets are open
and asset prices conform to an international versionhef CAPM, the market
portfolio should include international assets. Fama amhdh find, however, that
betas for a global stock market portfolio cannot explae lilgh average returns
observed around the world on stocks with high book-to- nankkigh earning-price

ratios.

4.4. Prior Research on ISE

As Bruner notes, investment flows to emerging markkésTurkey are material and
will continue to grow due to higher economic growth ratespared to developed
countries (Bruner et al (2002)rmerging markets provide investors two primary
benefits. Although emerging markets are riskier than ldped markets, they
provide diversification opportunity due to their low or negatoorrelations with

each other and with the developed countries (Divechh(@992)) For example, the
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correlations between the US stock market and the stackets in Peru, Turkey and
Venezuela have been negative during the 1991-1995 period (Khanna (1996)).
Divecha documents an average correlation of 0,07 amongysmenarkets in the

past five years (Divecha et al (1992)).

In addition to the fewstudies mentioned above, there are a few more rém=arc
about the price determination process in ISE. Using H@ Emerging Markets
Database, Rouwenhorst report that high E/P and high BEStMdEks outperform
those with lower ratios but has found no size, marleté lor momentum effects
during the 1989 — 1997 period (Rouwenhorst (1999)). However, the s taged
on this database may be biased due to its shortcomings Imptieé author itself:
missing data, data error problems, and return outliersahge from zero entries for
insignificant returns to %10,000 per month. Furthermomre |EC database is biased
toward larger stocks which reduces power as one sedmhesize effect. This may
be the reason why Claressens found limited evidencesifeaeffect in emerging
markets and Rouwenhorst could not identify a size effettia ISE (Claressens et al

(1995)).

Karan reports that low P/E portfolios overperform hiyiE ones during the 1988 -
1993 period (Karan (1995)Karan also finds evidence of price/sales (P/S), Ri&, a
ME/BE effect in average and risk adjusted returns duringsdinge time period and
the P/E effect absorbs the P/S and ME/BE effectsaiK§1996))On the other hand,
Demir formed portfolios on P/E and size for the 1990-1996 gexid showed that
the average returns to low P/E portfolios are greatar tihose of high P/E portfolios,
but the difference disappears when risk adjusted retarasused (Demir et al

(1996)). They also report a significant size effect amkegative earning effect. In
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contrast, using value-weighted portfolio returns, Gonand Karan found that
growth stocks and big stocks outperform small, value staclisthey both perform

worse than the local market index (Goneng et al (2001)).

On the other hand, Aksu employed the two common gsgahg test (three factor
and CAPM) on both ranked size/book to market portfoliarres and monthly excess
returns on individual securities for the 1993-1997 period to iigetie relationship
between the size and book-to-market factors and firmfgpand macro-economic
fundamentals in the ISE (Aksu (2000)). They found reasoraience for both
size and value effects and concluded that these premienwaxies for additional

distress related risk factors in returns not capturetidyne factor CAPM.
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CHAPTER 5: TESTING of CAPM for ISE

5.1. Methodology

5.1.a. Data

Three important decision regarding the data establishpresess had to be given
for the single-index CAPM testing purpose. The first comeehelength of the
estimation In fact; the trade-off is simple. A longer estimatperiod provides more
data, but the firms themselves might have changed isk<haracteristics over the
time period. In the previous literature studies, a much roorger estimation lenth
(duration) were used (e.g. Sharp’s study covers the 1927 — 1968)pavhereas
investment and rating institutions like Value Line and StahdarPoors use five

years of data and Bloomberg uses two years of data.

Investment environment in Turkey is very dynamic for commamaie well as the
individual investors who trades securities. During the |agi tlecades, many
holdings invested in many different sectors or many compactesiged their
business with the increasing know-how and technology. EBxample;
telecommunication sector became one of the leading awesrding to GNP
calculations whereas exportation became a major iacoitsome sectors (such as
automative/electronic equipment etc.) with Turkey’s pagétion to EU’s customs
union. Hence, the risk character of firms varied a grdaal since ISE’s
establishment in 1986. As a result, to cover the impédhis change in risk

character of companies, test period is determined as Jar-I980 2004.

Comparing with the previous researchs made for the 1Sfanitbe claimed that this

study is the one which considers the longest test pelroéact, this is a period
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during which the economic, political and financial environtredranged a great deal.
Currency crises, high inflation, budget and balance of patyuheiicits as well as
unemployment were the major problems challenging econstalality during the
mentioned period. On the other hand; high growth rgiedjcipation to customs
union and increasing regulatory standards were some fdhtdrsad positive impact

on risk characters of firms.

The second estimation issue relates to the retuenvait Using daily or intra-day
returns would increase the number of observations irrégeession; but it would

expose the estimation process to a significant biastan éstimates related to non-
trading. For instance; the betas estimated for smratisfi which are more likely to
suffer from non-trading, would be more biased downwarddaify returns were

used. On the contary, using weekly or monthly returnsdcoaduce the non-trading
significantly. However, considering the fourteen yearsample period, monthly
returns and risk free rates were found to be signifiesmatugh to be used for the

purpose of this study.

The third estimation issue relates to the choice wiasket indexto be used in the
regression. The standard practice used in previous literisttioeestimate the betas
of companies relative to the index of the market in whiehstocks are traded. The
crucial problem in selection of the market index is it indices which measure
market returns in small markets like ISE tend to be dated by a few large
companies or companies of a holding or a group. Hence, usm@3R or XU-050
indices could provide biased results in beta estimatessafdmpanies not included
in the index calculation. In fact, these indices rmaanly dominated by banking and

holding companies. This could lead approximation of thesgaams’ beta to one
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whereas beta of remaing firms diverge from one. Hencgasdt decided to use the
XU-100 index which considers more firms as the market prioxythe testing

purpose.

In fact, XU-100 index is the only index which is being clted since ISE'’s
establishement; and hence, the only one providing moreaslitbe market proxy.
The index is a kind of weighted average index and is cledlwith the formula

below:

n

2 Ft = Nijt = Hit

i=1

Bt

Where;

Et is the index value at time t:

n is the number of stocks in the index (which is 100);
Fit is the price of stock i at time t;

Nit is the total number of issued stocks of i;

Hit is the ratio of public offer of stock i at time t;

Bt is the adjusted base market cap.

Since, the index is calculated with the weighted ayeminciple one may anticipate
that no particular company or a group wil have a dominemgact on beta

regressions.

i) Stock Returns: Monthly stock returns, adjusted for dividends and spétg

obtained from the ISE electronic database. Only thekstavhich have been traded
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more than 30 months, are included in our analysis to makdinger regression

results more significant. Moreover, stocks which wa&egped for trading by ISE /
Board of Capital Market Management for temporary pkriovere also excluded
from the analysis. Appendix-1 presents the list oflsdonvhich are excluded from the
analysis. As a conclusion, 278 stocks and a total of 34,26®hiyiostock returns

were considered in the analysis. Moreover, stockalaegrouped according to the
sectors/industries that the companies are operatinglér tw discuss/investigate any

sectoral anomolies, if any.

i) Risk free rate: To calculate the market and stock risk premiums, annually
compounded interest rates were obtained from the Tréaselgctronic database.
The annual compounded rates are the average values tdcadaording to the IPO
volumes. Monthly risk free rates f)(rwere calculated simply by using the

compounded interest rate formula;

EAR=[1+r]*- 1 (Eq — 54)

where EAR is the effective annual rate. Results amviged in Appendix - 2.
During the sample period, monthly risk free rate fluctudiesveen 1,73% and
12,86%. In fact, even this fluctuation indicates how ecaooconditions have

changed during the testing period.

i) Risk Premiums: Risk Premium of a stock is simply the expected exasisn of
a stock over the risk-free rate. Hence; once obtainiagribnthly stock returns and
the risk free rate, it is easy to measure the risk jpramf stocki in montht by using

simply the following equation.

Risk premium of stockin montht = i — K (Eq - 55)
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In a similar way, the market risk premium is calcudaker the Jan 1990 — Dec 2004

period as presented in Appendix - 3.

In the bottom line of this table, average of monthly kaarisk premiums is also
indicated. In fact, the average risk premium of marketa(stock) represents how
well or worse it has performed over risk-free rate durhegsample period. In other
words, one may anticipate that stock i will have aweder perform the risk free rate

at the average risk premium rate.

In Appendix - 3, it is seen that the market risk premiames between -44,63% and
75,45%. This is a huge range which is due to ISE’'s speculativeenaith low
market cap. It should be noted that the lowest mark&t piemium (-44,63%)
occured in Sep 98, during which a huge international porté@jmtal outflow took
place bacause of the currency crises in emerging masteeted in Eastern Asia. On
the other hand, the largest market risk premium (75,45%8served in Dec 99. One
may remember the bull market in ISE started in theors@chalf of 1999 and
continued till 2000 during which the number of accountfiéndlearing system more
than tripled with the participation of small investdrstational investment decision
during that period led over-pricing of stocks which then fedld by a bear market in

the following three years.

Average risk premium of each stock is calculated imalai way via Eq — 55. An
important point noticed regarding the average risk premiignhat 30% of the
stocks have a negative average risk premium (84 of 278 stddies3e results are
summarized in Appendix-4. In fact, this remark contradigth the fundamental of
Markowitz portfolio selection theory. That is, estieh return of stocks must exceed

the risk free rate since there is a risk associatddthe stock investment. Again, one
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should notice that the previous performance of stockad as the proxy of expected
future risk premiums of stocks in the regression methogolbignce, although a
negative risk premium should not be expected accordingetdheoretical model of
CAPM —that is if the expected future risk premium is ziemoa stock, then all the
investors would sell it short which will provide the riskenet equilibrium — the

average risk premiums may be below zero because th@psengalized returns are
used in the testing methodology. In any case, average eskiymms of stocks should

tend to converge the market risk premium.

Average Risk Premium Distribution
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Figure — 9 Average Risk Premium Distribution

Figure -9 above indicates that average risk premium of 76 stocks (211 of 278
stocks) is between -1,12% and 2,18 during the sample periock 8ia average
market risk premium is 0,12%, one may conclude that theage risk premium of

stocks tend to converge to market risk premium in the lang-r

Appendix-5 indicates that the average risk premium ofkstoary between -4,42%
(BJK) and 8,81% (TSKB Yatirim Ortakl) during the sample period . That is; one
may anticipate that BJK’s stock performance will be 4.42%6 than the risk free

rate whereas TSKB Yatirim Ortakilis stock performance 8,81% more than the risk
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free rate. Of course this is just a prediction basegrenious stock performance
since the future expected stock returns cannot be knownadelyubeforehand as

required by CAPM.

Table - 1 below summarizes the average of average riskiypre of stocks in
sectoral groups. As per the table below, one may aateithat food&beverage,
sport services and technology stocks will under-perfdrenrisk free rate whereas

the other industries outperform the risk free rate.

Table -1: Average of average risk premiums

Average of Average
Sector Risk Premiums

Automative 0.97%
Banking 1.37%
Chemistry 0.77%
Construction 0.84%
Electronic Equipment 1.37%
Energy 0.80%
Financial Services 1.92%
Food and Beverage -0.02%
Forestry Goods 0.34%
Holdings 0.59%
Insurance 0.70%
Machinery and Metal Equipment 1.17%
Media 2.63%
Real Estate 0.46%
Retailer 1.17%
Social Services 1.56%
Sport Services -2.26%
Technology -0.58%
Textile 0.10%
Tourism 0.90%
Transportation 2.06%

65



It was also noted that the average risk premium is tipeebt for the media sector
which is followed by financial services, social servicbanking and electronic

equipment sectors, respectively.

5.1.b. Single Index Model Methodology

As per Eq — 31, if the expected return — beta relationshigisheith respect to an

observable ex ante efficient index, M, the expectezlagfreturn on any security i is;

E(r) = 1 + Bi[E(rm) — 1] (Eq —-56)

wherep; is defined as Cov(rrv) / om>

Our test methodology will be similar to the early $est CAPM and will follow up

two steps:

» Estimating the security characteristic line (SCL),

» Estimating the security market line (SML)

5.1.b.i.__ Estimating SCL: To construct the single-index model, realized rate tofrne

on a stock is first separated into macro (systematm micro (firm-specific)
components in a manner similar to that in Eq - 56. Tthesrate of return on each

stock is established as a sum of three components:

Table — 2: Return Components
Component

1. Stock’s expected return if the market is neutral, that tke

market’s excess returnig =0
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Component Symbol

2. The component of return due to movements in the dveral

_ _ bi (' — 1)
market; bis the stock’s responsiveness to market movements

3. The unexpected component due to unexpected events that gre

relevant only to this stock (firm specific)

Then, the holding period excess return on the stodhtsdas ;

e—k=a+h (m— ) + & (Eq - 57)

The model is constructed in terms of excess returns pvather than in terms of
total returns because the level of the stock market regmmesents the state of the
macro-economy only to the extent that it exceeds tg $hlort of the rate of return
on risk-free rate. For example; 4,31% return of markeOat 2004 would be
considered as a good news compared to the risk freefrafé386. In contrast, when
risk-free rate was offering 12,86% in May 1994, that same 4,31ftadfet return

would signal a disapponting macro-economic news.

In fact, Eg-57 suggests how one should measure the maddiria-specific risk.
Once the risk premium of market and the stacks measured, the security
characteristic line is predicted by a first-pass regvessihe following scatter

diagram explains the regression terminology and methggol
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]
' £ = slope of regression line

r- Ry

Figure — 10 SCL Regression

The horizantal axis in Figure-10 measures the excess f@venthe risk free rate)
on the market index, whereas the vertical axis measheegxcess return on the
stocki. A pair of excess returns (one for the market inder, for stock) constitutes

one point on the scatter diagram. These points aranasisior all the applicable

sample months from Jan 1990 to Dec 2004.

The figure is a single-variable regression equation, theerdient variable plots
around a straight line with an intercepand a slop@. The deviations from the line,
e;, are assumed to be mutually uncorrelated as well asrigtated with the
independent variable. Because these assumptions are afi¢otibose of the index
model, the index model is viewed as the regression line.s€hsitivity of stock i to
the market, measured by(p in Figure — 10), is the slope of the regression line. The
intercept of the regression line is(@ in Figure — 10) representing the average return
when the market’s excess return is zero. Deviationsadicular observations from
the regression line in any period are denoted; as@ called residuals. Each of these
residuals is the difference between the actual stdckrrend the return that would
be predicted from the regression equation describing the resasonship between

the stock and the market; therefore residuals measarémpact of firm specific
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events during the particular month. Finally, the pararseté interest; a,b, and

Var(e;) are estimated using the standard regression techniques.

For the regression purposes, a %95 confidence intervabnsidered and the

statistical test results are summarized in the fafigvgection.

5.1.b.ii. Estimating SML: CAPM theory defines the expected return-beta

relationship as E{r=r + Bi [E(rm) — 1]. If the index M represents the true market
portfolio, one can take the expectation of each sidbeequation -57 to show that

the index model specification is;

E(n) - re=ai + Bi[E(rm) — 1] + E(&r) (Eq —58)

A comparison of the index model relationship to the ®AExpected return-beta
relationship shows that the CAPM predicts thathauld be zero for all assets. The
alpha of a stock is its expected return in exces®obé¢low) the fair expected as

predicted by the CAPM. If the stock is fairly priced,atpha must be zero.

It should be noted that this is a statement abou¢xpected return on a stock. After
the fact, of course, some stocks will do better orsedhan expected and will have
returns higher or lower than predicted by the CAPMt ihéhey will exhibit positive
or negative alphas over the sample period. But this supariinferior performance

could not have been forecasted in advance.

Therefore, when the index model is estimated for ses&waks using Eq - 58, the ex
post or realized alphas for the stocks in the sanitplelld center around zero. The

CAPM states that the expected value of alpha is zeralf stocks, whereas the
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index model representation of the CAPM holds that #edized value of alpha

should average out to zero for the sample period.

On the other hand, to be inline with the CAPM theorpeeted firm specific return
(or risk) should be zero on average. In fact, expectaddpecific risk is indeed zero
due to the nature of risk definition. Firm specific risknigpact ofunanticipatedfirm

specific events.

Hence, Eq — 56 is considered as a security market line asddbad pass regression
equation is constructed with the estimabesirom the first pass regression as the

independent variable:

Average (r— k) = yo+ yibi +v20%(@) (Eq—-59)

Comparing Eq — 56 and Eq — 59, if CAPM is valid, it should belcaled thaty,

y1andy, must satisfy the following requirements:

Yo=0 (Eq - 60)
v1 = Average (n —r) (Eq-61)
v2=0 (Eq —62)

The hypothesis thag, = 0 is consistent with the notion that nonsystematk
should not be priced, that is, there is no risk premieanned for bearing
nonsystematic risk. Moreovetfp = 0 should also hold that the realized alphas
average out to zero. Finally, if the index is a good proxh@®imarket, average of all

stocks’ risk premium must be equal to the market premiOr206 given in
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Appendix - 3) to conclude that CAPM is an acceptable theéorgstimate stock

returns in the market.

In general terms, according to CAPM, the risk premium dépemly on beta.
Therefore, any additional right hand side variable in B§ except beta should have

a coefficient that is insignificantly different frorero in the second pass regression.

5.2 Test Results

5.2.a. Security Characteristic Line (SCL) Regression

Test results for SCL regressions are reported in bpffeAdix-5 and Appendix-6. In

these tables;

Intercept; represents the monthly expected risk premium of stocks whpected

market risk premium and company specific risk is zero.

Beta estimateis the slope of regression line which will be used da besecurity

market line regression.

Var (e) is the variance of residuals which may be defined as xpeceed risk

premium due to company specific risk — nonsystematic risk -

Findings regarding each of the above variables as wehesisk premiums are

analyzed below.

I. Regression InterceptsAccording to the regression model, the intercept point
indicates the estimation of risk premium of stock i whike market risk premium

and company specific risk is zero. That is, if the lodtatock is “null” (b = 0) and
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there is no company specific risk; ¢ 0); then a=r; — 1w should hold in Eq — 57.

Regression results are given in Appendix - 5.

In fact, according to the single index model given in E@,-a&should be zero for all
assets. The valug af a stock (in fact it's the Jenseni} is its expected return in
excess of (or below) the fair expected return as predlicy the CAPM. If the stock

is fairly priced, ashould be “0”.

However, one should notice that this is a statenmemiiteaxpectedeturns on a stock.
After the fact, some stocks will do better or workant expected and will have
returns higher or lower than predicted by the CAPMt ihéhey will exhibit positive

or negative alphas over a sample period. But, this suparimferior performance

could not have been forecasted in advance.

Therefore, by estimating the index model for all the stackle market by using Eq
- 38, we should find that the ex-post or realized alpti@sregression intercepts) for
the firms in the sample center around zero. Figure -€eldwbpresents the alpha

distribution of the securities.

Alpha Distribution
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Figure — 11 Alpha Distribution
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According to test regression results presented in Apperiithe intercept estimates
are accumulated within the -0,0098 and 0,0372 interval (showim the bars
numbered 3, 4 and 5 in Figure - 11). That is, the test rem@tsonsistent with the

mentioned expectation.

In fact, if the initial expectation for alpha werera, as many firms would be
expected to have a positive as a negative alpha foe gemod. The CAPM states
that theexpectedvalue of alpha is zero for all stocks whereas the xnaedel

representation of CAPM holds that the realized vahalkl average out to zero for
the sample. Of course, the sample alphas should Ipeediotable, that is,

independent from one sample period to the next.

When the alpha values are analyzed in Appendix - 5,abserved that there is a
range between -4,1% and 8,41% which is accumulated around\riOfmportant
note is that the p-value of alpha estimate is bel@avcthnfidence probability, 0.05,
for only six stocks (BJKis C, DOHOL, Ford, Migros and Alarko Holding). That is
the alpha estimates for the remaining stocks are noffis@nt enough in statistical
terms. Therefore, the conclusion is that the regreswodel seems not to be a very
good fit to predict risk premium in the absence of mar&ktted risk factors. In any
case, as explained in section 5.1.b.ii SML Regressiothddielogy, this is not a
concern for the purpose of this study since only beta astsnwill be used in the

second-pass regression.

ii. Beta Estimates:To measure the predictivity power of the regression a 95%
confidence interval for t-tests was used. Therefore,batg estimate with a p-value
of less than 5% is accepted as a significant betaastinrdpon performing the t-tests

for beta estimates, it was observed that; beta add€isamtly to the predictivity
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power of the model for 274 of 278 stocks (Appendix-5). Thissigaificant number

which indicates that the regression model is a goddrfibeta estimates.

The model’s prediction is not significant for only fodo&k’s beta estimates which
are Ceylan Tekstil, Galatasaray, TSKB Yatirim Orfakand Vakif Girgim. The

number of observations for these stocks are relatiledg than the other stocks
which may be described as the reason of model’s failubetia prediction (90, 35,

39 and 54 respectively).

An important point noticed in the study is that the ptealecreases with increasing
number of observations. That is, the model provides rmaie significant estimates
for the stocks being traded for a long time. For instatiee p-value is the smallest
for the stocks likeSise Cam, Alcatel, Kordsa, BagfaArcelik, Sarkuysan, Kog¢
Holding, Ford Otosan, Brisa and Erdemir. It should be chdbat a total of 180
observations (beginning from Jan 1990) were used in the regreswir each of

these stocks.

Another remark is that, for the stocks which are includedXU-100 index
calculation; beta estimate is usually very close smd the p-values indicate a high
level of confidence. Some examples are; Erdemir, Bekogelk, Garanti Bankasi,
Sabanci Holding and Vestel. In fact, this is due to tmedilation of beta which is,
Cov(, rv) / o> Any stock included in XU-100 index tend to move in line viita
market index fluctuations. Hence, the covariance betwhenstock and market
returns converges to market variance; which then approxsnhata to 1 as per the

above formula.
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If there is no clue about firm-specific risk of a stottlen the best guess for the beta
is 1. This is the case because CAPM assumptions rdfatrénvestors sell short the
over-priced stocks and buy long the under-priced stocksnaditfo Hence, price
fluctuations of stocks should look like similar to marketvements. Based on this

assumption, one may anticipate that the beta distoibgthould accumulate near 1.
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100 92

80 - i 63

60 A
40 25

20 6 2
5o S I I 6 s

1 2 3 4 5 6 7 8
Beta Interval

Number of
Observations

Figure — 12 Beta Distribution

Each beta interval in Figure — 12 is established with 0.2iments (0.2—04; 0.4-0.6,
etc.). With a quick glance, one may realize that Figufe looks like a normal
distribution which indicates the beta estimates ofduely tend to accumulate near
one. In numerical terms; 92 of 277 stocks have a bdte Pzetween 0.8 and 1;
whereas 63 of them have a beta between 1 and 1,2. Invathds; %56 of the stocks
in ISE have a beta value between 0,8 and 1,2. In fastfitlling is consistent with
the previously mentioned discussion. Beta of any statkch is being traded for a
long time enough, tends to move to 1. As a conclusidheomentioned statistics and
evaluation of t-stats, it is found that the betanestes of SCL regressions may be

considered as a goadroxy for the actual betas that will be used in SML regian.

Moreover, it was also observed that the beta estamedey between a range of

0.2819 and 1.5781 (Appendix — 5). In addition, 81 stocks have a dietaion of
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larger than 1, whereas the beta estimate is lessltf@nthe remaining 197 stocks.
This means 29% of stocks traded at ISE has more sensitvigconomical and

financial risk factors than the overall market proxied ® F 100 index.

On the other hand, it was observed that stocks of coepamerating in banking,
holding and media sectors usually have beta estimatgey lar closer to 1 whereas
the stocks of companies operating in traditional manufexgy/service sectors
usually have beta estimates less than 1. The followatdle summarizes this

observation:

Table — 3: Beta Estimate Results of SCL Regression

Beta Beta Estimate || Beta Estimate Beta
Sector Estimate Between Between Estimate
Below 0,90 0,9-1,0 1,0-1,1 Above 1,1

Automotive 2
Banking 4
Chemistry 11
Construction 21
Electronic Equipment 4
Energy

Financial Services
Foodé&Beverage
Forestry Goods
Holding

Insurance

Machinery

Media

Real Estate Investment
Retailer

Social Services

Sport Services
Technology

Textile

Tourism
Transportation

TOTAL

NIN[FPIP WP Iw

GIIN[FPIRIRINIFPINININ o

(SR ol N | W)
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Once analyzing the table above, it can easily be noteédhideta estimates for the
major number of stocks of companies operating in bankingingo and media
sectors are larger than 1. Moreover, beta estimatebdmther sectors are uniformly
distributed or less than 1. For instance; it was olesktivat beta estimates of most of
the stocks operating in forestry goods, food&beverage, ldéextiourism,

transportation, construction are well below one.

The forementioned observation leads to the idea tleak thre some sectors that
responds a great deal to macro-economic factors wheo@aes others respond up to
a smaller limit. In fact, the common base for thalkiag, holding and media sectors
is that they are closely correlated with the otremtars. In other words, success of
banking/holding/media sectors depends on the successatihatlsectors. Net profit
or income of other sectors provides a cash flow input éselihree sectors. Their
performance is highly correlated with macro-economicoia; especially with the
economic growth. In fact, this approach may describestdusoral anomaly, but this

idea will be out of scope for the purpose of this paper.

iii. Regression Residuals:As explained in section 5.1.b.i. SCL Regression
Methodology, the dependent variable plots around the S@Lam intercept and a
slopep. The deviations from SCL,eare assumed to be uncorrealated with each
other and the independent variable, the market risk prenaanwell. In fact,
deviations of particular observations from the regogsdine in any period are
denoted as, ¢ or regression residuals. Each of these residuals iglitfegzence
between the actual stock return and the return thatedicted from the regression

which is describing the relationship between the stock hedrtarket. Therefore,
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residuals measure the impact of firm-specific risk evanis variance of residuals

measure the firm-specific risk during the particular month

The residual variances of each stock (or the company &pesK of each stock) is
presented in Appendix - 6. It is observed that the rangsowipany specific risk
varies within the range of 0,68% (Soda Sanayi) and 25,97% (BoAshthe
terminology requires, one may conclude that return dat@bnsdue to company

specific riskis much lower for Soda Sanayi compared to Bosch.

And when a sectoral comparison is performed, it issthdhat energy, tourism,
media, machinery, financial services and electronic eqeip sectors are the ones
with the highest company specific risks (Table — 4). heotvords, the risk premium
of those stocks due to company specific risk is higher thamones operating in
other sectors. On the other hand, it is noted thaavkeage company specific risk is

the smallest for the sport services, social servicdgtainsurance firms.

Table — 4: Residuals of SCL Regression
Average of Company
Specific Risk

Automotive

Banking

Chemi§try
Construction
Electronic Equipment
Energy

Financial Services
Food&Beverage
Forestry Goods
Holding

Insurance
Machinery&Metal Equipmenjt
Media

Real Estate Investment
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Average of Company
Specific Risk

Retailer
Social Services

Sport Services

Technology
Textile
Tourism
Transportation

Company-specific risk is usually defined as the unexpectethasla company faces
due to the nature of its business. However, considdnmgpeculative nature of ISE,
some portion of the company specific risk defined above lbeagimply because of
the speculative price movements. Indeed, the stocks théhlargest company
specific risks (such as Bosch, Kardemir B, Altinyunusn@e Deniz Yatirim, etc.)

have lower market caps. Hence, impact of speculativeements on the company
specific risk may be investigated in further studies; bigtittea will be kept out of

this study’s purpose.

iv. Adjusted R SqareAdjusted R-Square in Appendix-6 shows the square of the
correlation between risk premiums of stocland the market irs and g-rf). In
statistical terms, adjusted R-square —which is also dcalls coefficient of
determination- gives the fraction of the variancehef dependent variable (the risk
premium of stock i) that is explained by movements initdependent variable (the
return on the market index). The variance of a stag&kspremium constitutes of the
variance due to the market return and the firm-speddicwhich can be formulated

as follows:

61> = Bi’om” + 6i(8) (Eq - 63)
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Hence, coefficient of determination is systematicarge over total variance, which

tells us what fraction of a firm’s volatility is attutable to market movements:

Coefficient of Determination $foy?) / o2 (Eq — 64)

When the R-Square results are analyzed, it is seenntbhed than %70 of the
volatility of the stocks Yapi Kredi GYOls GYO, Sabanci Holding, Soda Sanayi,
Aksigorta and Yazicilar Holding is attributable to markleictuations. That is,
variance of these stock returns depend on the marketnnem¢e more than the other

stocks do.

Table -5: Adjusted R-Square for SCL Regression
Adjusted R-Square

Automotive

44,87%

Banking

42,98%

Chemi§try

41,70%

Construction

40,24%

Electronic Equipment

41,69%

Energy

36,76%

Financial Services

32,97%

Food&Beverage

27,52%

Forestry Goods

27,02%

Holding

51,79%

Insurance

49,20%

Machinery&Metal Equipmenjt

37,50%

Media

43,49%

Real Estate Investment

54,50%

Retailer

44,18%

Social Services

53,31%

Sport Services

17,33%

Technology

40,78%

Textile

31,89%

Tourism

26,25%

Transportation

31,21%
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Table-5 presents a sectoral comparison of the adjust&guBre of SCL regressions.
It can be concluded that more than half of the variariceolding and real estate
investment stocks is due to the market variance. On timer dhand, attribute of
market variance on tourism, food&beverage and foreghyd stocks is less than
30% which means a great portion of variance of thesekstiscdue to company
specific risk. This idea can also be investigated by usingdbmral indexes but for

the purpose of this study, this investigation will be kegtad scope.

5.2.b. Security Market Line (SML) Regression

After obtaining significant beta estimates from the S€gression, these estimations

were used as the input to the below second regression.

Average (r— 1) = yo+ yibi +y206%(@) (Eq - 65)

According to CAPM, the risk premium depends only on betiaerdfore, our
hypothesis is that all right hand side variablasandy.) in Eq — 43 except beta
should have a coefficient that is insignificantly feient from zero. Moreover,
coefficient of beta should equal average market risknpr@ within a statistically

significant range. (Eq — 60, Eq — 61 and Eq — 62)

For the Jan 1990 — Dec 2004 period, the average market risk prasnaalculated
as 0,0012 in Appendix — 3. In other words; the regression r&soiltld statistically

indicate thatyo=y,= 0 andy; = 0,0012.

Table below summarizes the statistical results efSML regression within a 95%

confidence interval.
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Table - 6: Statistical Results of SML Regression
Coefficients Standard Error
-0.012159425 0.003627032 -3.35244 113
0.019186569 0.003936334 4.87421p2 06
0.075691551 0.012919939 1.33E408

First observation is that the results are signifidanall the three coefficients at 95%
confidence interval level. That is, the p-value is muararess than 0.05. In other

words, the results are reliable enough to test thdityabf CAPM model.

The regression model predigis= - 0.0122;y; = 0.0192 ang,= 0.0757. Even with a
quick glance, it can be noted that these estimatiaes far apart from the

requirements of the hypothesis stated in Eq — 60, Eq —bE@HR 62.

First, the estimated SML is too steep; that is,ytheoefficient is too large. The slope
prediction;y, = 0.0192, is 16 times the expected slope which is the averagestm
risk premium, 0,0012. The difference between the prediecti@hthe expected slope
is 0,018 and equals 4,87 times the standard error of the &stia003936. This
means that the measured slope of the SML is much rhareitt should be to accept

CAPM as a valid asset pricing theory for ISE.

Second, the intercept of the estimated Skl which is hypothesized to be zero, in
fact equals -0.0122, which is more than 3 times its standeyd 6,0036. Having a
negative intercept states that estimated market riskipnerinom the model is less
than the anticipated market risk premiums. Howeverassumption was that; if the
market is a good proxy of all stocks portfolio, market fskemium must equal
average of all stocks’ risk premium which is anticipat@de zero. Therefore, this

prediction indicates that the SML regression is ingtest with the CAPM.
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Third, the estimation of residual's variance coeffities y, = 0.0757 which is
anticipated to be zero. The prediction is 5,86 timegatsdard deviation indicating a
significant statistics. Having a positive coefficientans there is a risk premium
earned for bearing nonsystematic risk. However, CAPMument requires that
risk premiums depends on only betas. Thus, coefficienharfsystematic risk

premium is also inconsistent with CAPM.

To sum up, predictions of SML regression are in contradictvith the CAPM
hypothesis. Having a too large slope and non-zero coeiicier the intercept and
non-systematic risk premium leads to rejection ofttyy@othesis. In other words, the
statistical study indicates that CAPM is not a vatethodology to predict stock
returns at ISE market. Since the results indicatetbgarequired return is higher than
the expected by the model, risk level should be higher phegicted by traditional
CAPM model. Thus, the results signify that the compagmgcsic risk and some

other risk factors should be taken into considerationbangriced in ISE.

After concluding on failure of CAPM based on traditionaéta estimates,
performance oprofessional’s adjusted bets also investigated. As explained above,
the idea behind the adjusted beta is that; on averagdeth coefficients of stocks
move towards one over time. The statistical explandbr this approach is that the
average beta of all stocks is 1. Thus, before estimahe beta of a stock the best
estimate would be 1. When the beta coefficient isveded over a sample period,
some unknown sampling error is sustained. The greateditference between the
beta estimate and 1, the greater is the chance that whikrbe a huge estimation
error incurred. Hence, the historical market beta estimaed in the anlaysis is a

good guess for theample periodHowever, dorecast of the future betshould be
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adjusted if the beta coeeficient tends to move to @ng-kun from the adjusted beta

point of view.

To perform the SML regression for the adjusted beta, ¢akee beta of stocks were
estimated with the following weighted average formuldi¢l is also being used

investment professionals like Merrill Lynch and Bloomberg);

Adjusted beta = (2/3)*(Historical Beta) + (1/3)*(1) (Eq - 66)

Adjusted beta of each stock is presented in Appendix - Atn&ML regression

results are summarized below:

Table -7: Statistical Results of SML Regression with AdpcBeta
Coefficients Standard Error t Stat P-value

-0.021751271 0.005534576 -3.9300697 0.000108
0.028778414 0.005904206 4.87422246 1.84869451E1p6
0.075691551 0.012919939 5.8585064¢7 1.33128056EP8

Again, the results are significant for all the threeeflcients at 95% confidence
interval level. That is, the p-value is much more lé=s1t0.05 and the results are

reliable enough to test the validity of CAPM model.

SML regression predicts market risk premiumyas 0,0288 which is 24 times the
expected market risk premium 0,0012. The t-stats is 4,67 whittates that the
estimation equals 4,67 times the standard error of estiri&is means that the
measured slope of the SML is much more steeper thaoutd be to accept validity

of CAPM for ISE.

Second, estimated intercept of SMlg, which is hypothesized to be zero, in fact
equals -0.0218, which is approximately four times its standaod. éeHowever, the

hypothesis requires thas= 0 should hold in order to conclude that CAPM is valid.
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Finally, SML regression predicts residual’'s varianceffaent againy, = 0.0757
which is anticipated to be zero. This result is simitarthe one predicted for the
historical beta estimates. In fact, this can be antiethbdiecause only the beta
coefficients were adjusted, but not the variance resdiile positive coefficient for
the residual variances indicate that there is a risk pramearned for bearing
nonsystematic risk. However, CAPM’s argument requiteat risk premiums
depends on only betas and = 0 should hold to accept the hypothesis. Thus,
prediction of the non-systematic risk premium coedfit is also inconsistent with

CAPM.

To sum up, predictions of SML regression with ajusteda bate either in

contradiction with the CAPM hypothesis. Having a too lastgpe and non-zero
coefficients for the intercept and non-systematik pgeemium leads to rejection of
the hypothesis once more. In other words, the stalisticdy indicates that CAPM is
not a valid methodology to predict stock returns at i&dtket even if the adjusted
beta is used to regress the SML. Thus, the resgjtsfithat the company specific
risk and some other risk factors should be taken iatsideration and be priced in

ISE.

However, there are some issues which may have ledjgotion of CAPM in the
model. First and foremost, ISE market is an emergingkehaand market
capitalization is very small compared to some otherldpeel markets. This leads to
extreme price fluctuations due to speculations and matiposa In other words,
stock returns are extremely volatile, and the votgtiessens the precision of any

tests on average returns.
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Second, the XU-100 index used in the test is surely notMiaeket Portfolio” as
required by CAPM. The index includes stocks of companiesatipgrin many
sectors but it, of course, excludes some nontraded ass#tsas education (human
capital), private enterprises, and investments financedgdyernment. These
observations lead to the idea that XU-100 index may lmeekow, a biased proxy of
the macro-economic factors. This, indeed, is a ger@matism against CAPM.
Further research may be performed by separating and usihgneao-economic
factor (inflation, economic growth, unemployment rae,) as a regression input in
order to eliminate the bias in the XU-100 index. To sum upg;1R0 index may be
guestioned to measure how well it acts as a proxy of alfeeaonomic factors and

non-traded assets.

Moreover, in recent years it is observed that theetations between the emerging
and developed markets is increasing. Availability of higliht@ommunication
systems led capital to flow between internationatkeis quickly and easily. As a
result, since all the emerging markets turned out tafteeted by the international
capital flows, a strong correlation between emergingketa has been observed in
recent years. That is, the return on XU-100 index mdy alepends on national
macro-economic factors but also depends on the moveshémtiernational capital.
As a variable to right hand side of the Eq — 65, the ahfibw can also be

investigated to measure its effect on return predicitpawer.

Fourth, in light of asset volatility, the securityté® from the first stage regressions
are necessarily estimated with substantial samphirogg eand therefore cannot readily

be used as inputs to the second regression.
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Finally, we assumed that investors can borrow atkafire®e rate and there exists no
cost associated with trading. These are un-realissienagtions apart from the real
world. Further research may be re-performed for thebsBcluding trade costs and

real interest rates in the case of borrowing.
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CHAPTER 6: CONCLUSION

CAPM is known to be the first successful attempt sbneate the expected rate of
return that investors will demand if they are to invesan financial asset. Although
CAPM was criticized by many academicians due to its mamyplifying

assumptions, results of empirical tests performed amymdeveloped markets,
particularly in US, supported the model till the last dec&ttevever, recent studies
challenged the validity and applicabilty of CAPM imdincial markets and the
theory became the center of attention once againte@ily, there are very few
studies that have examined CAPM in Turkey. This particulatysattempts to fill in

this gap by testing the predictivity power of CAPM fstanbul Stock Exchange.

The model testing was based on a two steps regressatysian First, beta value of
each stock was estimated simply by using a first step gggre (SCL regression)
and then beta predictions were used in a second-pass i@greésiL regression).
The hypothesis was that; any coefficient on the SMLea%gjon other than beta’s
must be zero. Otherwise, the variable with non-zeedficient would also contribute
to the estimated stock return and that would be in contradi with CAPM'’s

argument.

The regression results were confusing. Beta estimabtégined by the SCL

regression were statistically significant. Moreowee, also observed that;

» Significancy increases with the increasing number ofrebsens, and
» Beta estimates of stocks included in XU-100 index are giyelase to 1

within an acceptable range.
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It was also noted that most of the media, holding aanking stocks have a beta
estimation of larger than 1. That is, these stocks relpa great deal to macro-
economic factors whereas some others respond up to leerstimait. In fact, the
common base for the banking, holding and media sectdisisthey are closely
correlated with the other sectors. Net profit or ineoof other sectors provides a
cash flow input to these three sectors. They gain ninane the other sectors in case
of an economic boom whereas they lose more in ahaerecession. We concluded
that there may be a sectoral effect in stock betamasbns which may be

investigated in a further research.

The second SML regression also provided statisticallyifgignt results. However,
it was observed that the prediction results with aitpes coefficient for non-
systematic risks and a negative coefficient for titercept point. According to the
hypothesis, these coefficients were anticipated to éve since CAPM requires
pricing of solely beta. Moreover, beta coefficient veapected to equal the average
of market risk premium. However, the regression resutied with a larger value
than the expected. That is, the regression resultta@steep compared to actual
slope. These results led to the rejection of the hygaheé\s a result; it was
concluded that the CAPM is not a valid methodology toubed as a prediction

model for the ISE market.

Failure of the model may be due to speculative structbirkSB, correlation of
international markets, sampling errors or inabilitykaf -100 index to reflect market
portfolio as well as CAPM'’'s over-simplifying assumpsonFurher research is

necessary to clarify these questions and the sectoeabhetmolies as stated above.
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