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ABSTRACT

The Validity of Fama-French Four Factor Model in Istanbul Stock

Exchange

Bereket, Taylan
M.S, Department of Economics
Supervisor: Assist.Prof.Dr. Esma Gaygisiz

October 2014, 116 Pages

The aim of this thesis is to investigate the size, book-to-market ratio (B/M),
and profitability patterns in average returns and testing the viability of Fama-
French four factor model in Istanbul Stock Exchange (ISE) over the period
between July 2004-June 2013. The comparative performances of capital
asset pricing model (CAPM), Fama-French three factor model, and Fama-
French four factor model will be examined. Each of these three models is
regressed on two different sets of portfolios. That is, monthly excess returns
of six size-B/M and eighteen size-B/M-profitability portfolios are used as
dependent variables in time-series regressions following Fama-French
methodology. Confronted with the excess returns of six portfolios, the three
factor model outperforms both CAPM and four factor model based on the
results of adjusted R-squared values, GRS-F test of Gibbons, Ross, and
Shanken (1989) and mean absolute value of intercept terms. Confronted with
the excess returns of eighteen portfolios, based on R-squared value and
GRS, four factor model is superior to both models. However, regarding the
mean absolute value of alphas, three factor model fares slightly better than
four factor model. Thus, in the light of the statistical results, although four

factor model is not rejected and proves its viability in ISE, it does not show a



strong superiority to three factor model, which is in line with Fama and
French results.

Keywords: CAPM, Fama-French Three Factor Model, Fama-French Four
Factor Model, Common Risk Factors in Excess Returns, Istanbul Stock
Exchange



0z

Fama-French Dort Faktor Modelinin IMKB’de Gegerliligi

Bereket, Taylan
Tezli Yiksek Lisans, Iktisat Bolim
Tez Yoéneticisi: Yrd. Dog. Dr. Esma Gaygisiz
Ekim 2014, 116 Sayfa

Bu tezin amaci Temmuz 2004 — Haziran 2013 doneminde IMKB deki
beklenen getirilerdeki firma buyukligu, DD/PD ve karhlik etkilerini arastirmak
ve Fama-French Dort Faktér modelinin gegerliligini test etmektir. Iki farkli
portfdy setinin Gzerine, Sermaye Varliklar Fiyatlama Modeli, Fama-French
Ug Faktér Modeli ve Fama-French Dort Faktér Modeli kullanilarak yapilan
regresyonlar kullanilarak bu U¢ model kasilastiriimistir. Fama ve Frech'’in
metodu izlenerek, firma buyukligu-DD/PD gruplarina gore olusturulmus alt
portfdy ve firma buyUkligu-DD/PD-karhlik gruplarina goére olusturulmus
onsekiz portfoyun risksiz faiz orani asan aylik getirileri bagimh degisken
olarak kullaniimistir. Alti portfoyun fazla getirileri kullanildigi durumda
dizeltiimis R-kare, GRS-F testi ve alfa degerlerinin ortalama mutlak degeri
g6z 6nunde bulunduruldugunda ug¢ faktorli modelin hem SVFM hem de dort
faktorli modele goére daha iyi bir performans sergiledigi saptanmistir.
Onsekiz portféyln fazla getirilerinin kullanildiyi durumda ise R-kare ve GRS-
F testi sonuglarina dayanarak, dort faktorl modelin diger iki modele gore
ustln oldugu sonucuna varilmigtir. Ancak, alfa degerlerinin ortalama mutlak
degeri baz alindiginda, ¢ faktorli modelin az da olsa doért faktérli modele
nazaran daha iyi performans gosterdigi gorulmektedir. Kisacasi, calisma

sonucunda ulagilan istatistiki sonuglarin 1s1§ginda, dort faktérli modelin

vi



IMKB'de gecerli oldugu saptanmis olmasina ragmen, u¢ faktorli modele

kiyasla kayda deger bir performans artisi saglayamadigi iddia edilebilir.

Anahtar Kelimeler: SVFM, Fama-French Ug¢ Faktér Modeli, Fama-French
Dért Faktér Modeli, Fazla Getirilerde Ortak Risk Faktérleri, Borsa Istanbul
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CHAPTER 1

INTRODUCTION

Asset pricing has always been one of the main areas of modern financial
economics. It can be claimed that the introduction of capital asset pricing
model (CAPM) by Sharpe (1964), Lintner (1965), and Black (1972) made a
breakthrough in the area of financial economics. Even today, it is apparent
that the CAPM is one of the most widely used models among academicians
and practitioners. The fact that CAPM can be used in performance
evaluation, estimating the cost of capital, selecting portfolios, and measuring
abnormal returns etc., is one of the main reasons why this model is so much
appreciated. Despite its popularity and success, since its introduction there
have always been critisims, with claims that CAPM is not sufficient to explain
the variations in excess returns. In line with this argument Fama and French
(1992,1993,1996) showed that there is a relationship between size and
average return on one side, and B/M and average return on the other side.
Moving from this claim, they laid the foundations of their three factor model
by adding two more risk factors to CAPM. Fama-French model gained big
importance in modern finance as CAPM. Interestingly, one of the most
sound and efficient critical approach to the Fama- French models introduced
in 1990’s came from Fama and French in 2013. Having considered the
possibility of the existence of profitability patterns in average returns, they
wanted to add another explanatory variable to their three factor model
reflecting profitability. They claimed that four factor model may fare a better

job than three factor model in capturing the common variation in returns.

The main aim of this thesis is to test the validity of Fama-French four factor

model in Istanbul Stock Exchange over the period July 2004-June 2013. In



line with this objective, the rest of the thesis is organized as follows: The next
chapter gives some theoretical background in detail regarding the
development of four factor model starting from the invention of CAPM. The
second section gives the summary and main points of the international
studies for Fama-French models and the last section examines the studies
made in Turkish stock market. The third chapter explains the data and
methodology used in this thesis. Data elimination process, portfolio
formation, and factor construction methods are described in detail. The
second section of this chapter gives information about sample
characteristics, descriptive statistics of dependent and independent variables.
Chapter four continues with regression details and regression results of
CAPM, three factor and four factor model for six size-B/M portfolios and
eighteen size-B/M-profitability portfolios. In chapter five the comparison of the
performances of three models is made based on some statistical tests and
indicators. The last chapter summarizes the findings and the results and their

indications are interpreted.



CHAPTER 2

LITERATURE REVIEW ON FAMA-FRENCH MODELS

2.1 Introduction

In this chapter of the thesis, the evolution of Fama-French four factor model
will be presented. In the following section, a theoretical framework of the
model will be explained starting from the introduction and development of
capital asset pricing model. In the third section, the international studies on
Fama-French models will be mentioned and results will be summarized. In
the fourth section of this chapter, the reader will be provided with the
information on the literature regarding the studies on Fama-French models in

Turkey.

2.2 Fama-French Model

One of the main attempts of the financial economics has been to describe,
predict or assess the relation between risk and return since 1950’s. After
Markowitz introduced his renowned and famous mean-variance model in
1952, many models were developed based on his theorem. One of the most
important models based on his theorem was CAPM (Capital Asset Pricing
Model) which was introduced by Sharpe (1964), Lintner (1965), and Black
(1972). Since its introduction, it still continues to constitute one of the
cornerstones of modern finance theory. It is widely used in performance
evaluation, estimating the cost of capital, selecting portfolios, and measuring

abnormal returns.



To be able to comprehend CAPM better, we should examine some details
about the development and assumptions of the model. In his paper “Capital
Asset Prices: Theory of Market Equilibrium under Conditions of Risk” (1964),
William Sharpe put forward an argument to construct a relation between
average return and standard deviation. He claimed that in equilibrium there
will be a simple linear relationship between the expected return and standard
deviation of return for efficient combinations of risky assets. (Sharpe,1964).
This relationship was described by beta, which implied the systematic risk.
Each individual asset or portfolio has a beta value, which shows the riskiness
of that asset or portfolio relative to the riskiness of the market. In other words,
this beta shows the level of responsiveness to the movements in market. In

Sharpe’s own words :

“Diversification enables the investor to escape all but the risk
resulting from swings in economic activity-this type of risk
remains even in efficient combinations. And, since all other types
can be avoided by diversification, only the responsiveness of an
asset’s rate of return to the level of economic activity is relevant in
assessing its risk. Prices will adjust until there is a linear
relationship between the magnitude of such responsiveness and
expected return. Assets which are unaffected by changes in
economic activity will return the pure interest rate; those which
move with economic activity will promise appropriately higher
expected rates of return.”

The assumptions underlying CAPM are as follows:

1. All investors are single-period expected utility of terminal wealth
maximizers who choose among alternative portfolios on the basis of
mean and variance (or standard deviation) of return.

2. All investors can borrow or lend an unlimited amount at an exogenously
given risk free rate of interest and there are no restrictions on short sales
of any asset.

3. Allinvestors have identical subjective estimates of the means, variances

and covariances of return among all assets.



4. All assets are perfectly divisible and perfectly liquid, i.e., all assets are
marketable and there are no transaction costs.

5. There are no taxes.

6. All investors are price takers.

7. The quantities of all assets are given (Jensen, 1972).

CAPM can be described by the following equation:

E(Ri) = Rf + j; [E(RM) —Rf]

where E(Ri)is the expected return of asset or portfolio i, Rf is the risk free

cov (Ri ,Rm"}j
var{RM) !

rate, E(RM) is the expected return of the market portfolio. £; (
beta, reflects the systematic risk for asset or portfolio i. As can be seen in the
above relation, CAPM claims that there is a linear relationship between
average return and risk. In other words, expected returns on securities are a
positive linear function of their market betas and these betas suffice to
describe the cross-section of expected returns. This means that the excess
return of as asset or portfolio can be explained by using only one factor, the

excess return on market.

In spite of its considerably wide area of use both in academic and practical
spheres, CAPM was criticized by empiricists and claimed to be insufficient to
explain average excess returns. One of the most important and effective
contradictions was developed by Banz (1981). In his paper, he found out that
the market equity of a firm makes a contribution to beta in explaining cross
section of average returns. According to his empirical results, there was a
negative relation between size of a stock and average return. On the other
hand, in 1988 Bhandary concluded that there is a positive relation between
leverage and average return. In addition to beta and size, he included a
leverage factor, which helps to explain the cross-section of average returns.
Stattman (1980) and Rosenberg, Reid, and Lanstein (1985) find that average

returns on U.S stocks are positively related to the ratio of a firm’s book value
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of common equity, BE, to its market value, ME. Chan, Hamao, and
Lakonishok (1991) find that book-to-market equity, BE/ME, also has a strong
role in explaining the cross-section of average returns on Japanese stocks
(Fama, French 1992). Basu (1983) included earnings-price ratios (E/P) his
tests to show that this ratio also adds to the explanation of cross-section of
average returns. Maybe most importantly, Ball (1978) claimed that E/P is a
catch-all proxy for unexplained part for cross-section of average returns. This
argument led Fama and French to study the presence of such a proxy
variable or variables which can capture the variation in average returns. They
claimed that Ball’'s proxy argument for E/P might also apply to size, leverage,
and BE/ME. Due to the fact that all these variables are scaled versions of
price, it was possible that they could contribute to the description of average
returns. Therefore, they examined the roles of @, size, E/P, leverage and
BE/ME in average returns on NYSE, AMEX, and NASDAQ stocks. The
results obtained in this paper were as follows: They concluded that § does
not explain the cross-section of average stock returns. So CAPM failed
according to their empirical tests. The combination of size and BE/ME in
average stock returns seems to absorb the roles of leverage and E/P in
average stock returns, at least during their 1963-1990 sample period. Two
easily measured variables, size and book-to-market equity (BE/ME), provide
a simple and powerful characterization of the cross-section of average stock
returns for the 1963-1990 period (Fama-French 1992).

One year later, in their 1993 paper, Common Risk Factors in the Returns on
Stocks and Bonds, Fama and French changed their approach to testing
asset-pricing models. They used the time-series approach of Black, Jensen,
and Scholes (1972). Monthly returns on stocks and bonds were regressed
on the returns to a market portfolio of stocks and mimicking portfolios for
size, book-to-market equity and term structure risk factors in returns. They
used monthly excess returns as dependent variables and excess return on

market, SMB and HML as independent variables. These two portfolios were



constructed to mimic risk factors related to size and BE/ME. In their study,
they showed that these two factors capture the common variation in returns.
And furthermore, intercepts produced from three factor models were close to
zero, which can be seen as an evidence that the model does a good job. To
summarize, they concluded that Fama-French Three Factor model is
superior to CAPM regarding model performance, although both models were

rejected on GRS-test.

In their article Multifactor Explanations of Asset Pricing Anomalies, which was
published in 1996, they claimed that their three factor model is able to
capture the average return anomalies. To put differently, they asserted that
the patterns in average stock returns, which could not be explained by
CAPM, were to be captured by three factor model. They concluded that the
model captures the returns to portfolios formed according to earnings/price
(E/P), cash flow/price (C/P), and past sales growth. In their own words : “The
model captures much of the variation in the cross-section of average stock
returns, and it absorbs most of the anomalies that have plagued the CAPM.”

To be able to follow the path from Fama-French three factor model to Fama-
French four factor model, the paper of Novy-Marx (2012) should be
mentioned. In his paper, The Other Side of Value: The Gross Profitabilty
Premium, he argues that profitability has roughly the same power as book-to-
market predicting the cross-section of average returns. According to his
results, there is a profitability pattern in average returns in line with the
dividend discount model. This model can be represented with the equation

M_f — ?i‘_EI:Yt+'[_d-Er+-r::'.-'l|:1+?"':lr
'Ef Bf




Where Mt Market value of equity at time t
Bt: Book equity at time t
Y. Total equity earnings at time t
dBt: The change in total book equity
r:  Long term average expected stock return

In this equation, if we fix everything except expected future earnings
E(Y,., —dB,..) and the discount rate (the expected stock return), higher
expected future earnings imply higher expected stock return. Marx also
reaches a similar result using empirical tests. Considering the portfolios
produced using sorts on B/M and profitability, average returns generally
increase with profitability. Based on this result of Novy-Marx, Fama and
French examined whether their three factor model should be augmented by a
profitability factor, in their paper A Four-Factor Model for the Size, Value, and
Profitability Patterns in Stock Returns (2013). They detected obvious
patterns in average returns related to Size, B/M and profitability. The GRS
test of Gibbons, Ross, and Shanken (1989) rejected the four factor model like
in the case of three factor model and CAPM. However, they claim that the
model seems to provide acceptable descriptions of average returns on size-
B/M, size-OP and size-B/M-OP portfolios for applied purposes, since for
investors, rejection on the GRS test may be irrelevant due to small deviations
of average returns from model predictions. The favorite statistics in
evaluating a model for investment purposes are the average absolute
intercept according to Fama and French (2013).

2.3. International Studies on Fama-French Models

Fama and French (1998) examined the relation between B/M and average
returns in thirteen major markets and in sixteen emerging markets. According

to the empirical results, in twelve out of thirteen major markets, value stocks



(high B/M) tend to have higher average returns than growth stocks (low B/M)
in the period between 1975-1995. And they also detected a value premium in

emerging markets in the period between 1987-1995.

Connor and Sehgal (2001) empirically examined Fama and French three
factor model in Indian stock market for the period 1989-1999. They found that
cross section of average returns are explained by exposures to market factor,
SMB and HML.

Ajili (2002) tested the validity of CAPM and Fama French three factor model
in French stocks exchange. In this study, monthly returns of 274 stocks are
examined for a 300 months period. He concluded that the common variation
in the stock returns are explained by Fama French three factor model better
than CAPM. In other words, three factor model outperformed capital asset

pricing model in French case in the period between 1976-2001.

Drew and Veeraraghavan (2002) studied the existence of size and value
premium in Malaysian market. Furthermore they showed to which extent the
Fama French three factor model can explain excess returns. As a result, they
found evidence for size and value premium, and concluded that three factor

model is successful in explaining variation in returns.

Drew, Naughton and Veeraraghavan (2003) compared the performance of
CAPM and Fama-French three factor model in Shangai stock exchange.
They found evidence supporting that small firms have higher average returns
than big firms and low B/M firms have higher average returns than high B/M
firms, the latter of which contradicts with the results of Fama-French study.
However, they concluded that Fama French three factor model is more

successful in explaining variation in returns in Shangai stock exchange.

Billou (2004) investigated the superiority of Fama-French three factor model
by extending the time period used in Fama and French article (1993) from
1993 to 2003. He used the excess returns of 25 Fama-French portfolios

based on the sorts of size and B/M and additionally he tested the validity of



the model using regressions on industry returns. According to the time-series
analysis results, he concluded that Fama-French three factor model
outperformed CAPM. This means that the extension of the period of the
study left the results unchanged and three factor model maintained its
superiority.

Malin and Veeraraghavan (2004) investigated the robustness of Fama
French three factor model in France, Germany and UK. They obtained
contradictory results with Fama and French. While for France and Germany
they detected a small firm effect, in the case of U.K they find a big firm effect.

And regarding B/M effect, they could not find an evidence for value effect.

Charitou and Constantinidis (2004) examined the Fama-French three factor
model for the period 1992-2001 in Japanese stock market. They confirmed
that SMB and HML factors can explain common variation in stock returns.
Having evaluated the performances of CAPM and three factor model, they
found evidence supporting the superiority of three factor model in Japanese

stock market.

Djajadikerta and Nartea (2005) examined the size and B/M effects and tested
the validity of three factor model in New Zeland stock market between 1991
and 1995. Their study documented a weak B/M effect and a significant size
effect. Despite the addition of size and B/M factors to the CAPM, they could
not detect a significant increase in explanatory power of the model. The
superiority of the three factor model was weak according to the statistical

results.

Lam (2005) compared the CAPM and Fama French three factor model in U.S
stock market over the period from July 1926 to November 2004. Two models
were regressed on excess returns of 25 Fama-French portfolios and 30
Industry returns. Based on the time-series analysis, Fama French proved to

be superior to the CAPM. However, having confronted with the excess
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returns of industry returns, it can be said that the story changed. Regarding

30 industry returns, CAPM had a better performance than three factor model.

latridis, Messis and Blanas (2006) made a comparison between the
explanatory powers and validity of two models; Fama-French three factor
model and Arbitrage pricing theory in the period between 2001-2006.
Regarding the time series approach, they concluded that three factor model

outperformed APT significantly.

Walid and Ahlem (2008) showed that there exists a negative relationship
between size and stock returns in Japanese market. On the other hand they
found a positive relationship between B/M and returns. They also made a
comparison between CAPM and three factor model, which showed that three
factor model has a better performance in explaining average excess returns

in Japanese stock market between 2002 and 2007.

Pena, Forner, and Espinosa (2010) analyzed the relationship between size,
B/M and stock returns in Spanish stock market and tested the validity of
Fama-French three factor model. They demonstrated that there are SMB and

HML factors in fundamentals similar to those observed in returns.

Al-Mwalla and Karasneh (2011) investigated the presence of size and B/M
patterns in stock returns for Amman stock market over the period 1999-2010
and compared the performances of CAPM and three factor model. As in line
with the general literature, they found a negative relationship between
average returns and size. Regarding the B/M effect, they detected a strong
positive relationship as expected. The salient result was that three factor
model is able to provide better explanation for the variation in returns in
Amman stock market for the studied period.

O’Brien, Brailsford and Gaunt (2012) analyzed the size and B/M ratio effects
and applied both CAPM and Fama-French three factor model to the
Australian equities to gauge the relative performances of the models in the

period between 1982-2006. In contrary to the results of the most researches
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and studies, the three factor model in this study was not rejected based on
GRS test. And based on the statistical results obtained, three factor model’s

explanatory power was found to be quiet higher than that of CAPM.

Dolinar (2013) examined the relative performances of CAPM and Fama-
French three factor model over the period from 2007 to 2013 using the stocks
listed in Zagreb stock exchange. Although empirical results indicated that
three factor model does a better job than CAPM in explaining common
variation in returns, the addition of two factors slightly increased the
explanatory power of the model. Thus, SMB and HML factors can be said to

capture only a small part of the common variation in stock returns.

Meng and Ju (2013) investigated the size and value patterns in average
returns and tested the power of Fama French three factor model in Chinese
A-share market. The study proved the existence of size and value effect in
Chinese stock market. Furthermore, based on the statistical results, the three

factor model could explain much of the variation in average returns.

Wu, Cuong, and Gregoriou compared the performances of CAPM and Fama-
French three factor model in Viethamese stock market over the period from
2007 to 2012. Their results were in line with most of the studies, which

supports that three factor model is dominant over CAPM.

Xu and Zhang (2014) tested the effectiveness of Fama-French three factor
model in Chinese stock market. Both CAPM and three factor model were
used in this study. The results supported that three factor model explained

the variation in returns better than CAPM in Chinese A-share stock market.

2.4, Studies in Turkey on Fama-French Models

Gonenc and Karan (2003) studied the existence of size and value premium in
Istanbul Stock Exchange over the period between 1993-1998. They obtained
contradictory results with the theory, and concluded that there is no value

12



premium in ISE. Based on their empirical results, they claimed that there is a
positive relation between size and average return, which means larger firms
generate higher average returns than smaller ones. Furthermore, despite the
improvement of the explanatory power of the model, the addition of SMB and
HML factors still left an unexplained variation in returns.

Arioglu (2007) tested the validity of Fama — French three factor model in ISE
while examining the relation between size and average returns over the
period 1993-2004. He concluded that the model can explain the excess
returns, based on high R-squared values. However, highly significant alpha
values, which indicates pricing errors, caused some suspects arise regarding

the need for additional factors.

Erismis (2007) investigated the role of firm-specific factors in ISE stock
returns between years 1992-2005. Having examined six intersection
portfolios based on size and B/M, he showed that small size portfolios
generated higher average returns than big size portfolios, where high B/M
portfolios generated higher average returns than low B/M portfolios.
Detection of these patterns supported the existence of value and size
premiums in ISE. Regressing on the excess returns of six Fama-French
portfolios, the relative performances of CAPM and three factor model were
examined statistically. Considering the improvements in R-squared values
and t-statistics, he reached the conclusion that three factor model has
superiority to the CAPM in ISE.

Canbas and Arioglu (2008) tested the Fama —French three factor model in
ISE over the period between July 1993-June 2004. Having investigated value
and size patterns in line with Fama-French results, they examined the
explanatory power of the model using time series approach. They used six
Fama-French portfolios produced according to size and B/M as dependent
variable and considering the t-statistics and R-squared values, they
concluded that the model can capture the common variation in average

returns. However, owing to statistical significance of alphas, namely pricing
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errors, they stated that despite high R-squared values, there may be some

missing factors in three factor model.

Gokgoz (2008) evaluated the viability of Fama-French three factor model in
ISE between years 2001-2006. He used five of ISE indices to represent the
industry returns. ISE Services Index, ISE Technology Index, ISE Industrial
Index, ISE Real Estate Investment Trust Index, and ISE Investment Trust
Index were used as dependent variables in regressions to test the power of
the model in ISE. He found that all of the factors are statistically significant
and F-values indicated that the model is statistically significant regarding
each regression individually. Whereas, like in many related studies, he ended
up with a high value of GRS-F statistics which indicates that intercept terms
are significant jointly. So the model was rejected based on GRS test, in spite

of the high R? values.

Atakan and Gokbulut (2010) adopted panel data approach to gauge the
effectiveness of Fama-French three factor model in ISE. Their sample
encompassed only firms quoted in the ISE Industrial Index between the years
1993-2007. Their analysis suggested that all of the factors are statistically
significant and that the model has high explanatory power over the period

examined.

Dibo (2012) investigated the size and value effects in average returns and
compared the performances of CAPM and Fama-French three factor model
in Istanbul Stock Exchange over the period between 2004 and 2010.
Regarding the patterns in average returns, he found that while there is a
strong B/M effect, the same can not be claimed regarding size effect. More
importantly, he concluded that three factor model shows its superiority to
CAPM regarding explanatory power, significance of model and elimination of

pricing errors.

Unlu (2012) compared the performances of different asset pricing models in
ISE. Fama-French three factor model, Carhart (1997) four factor model, and
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Pastor and Stambough (2003) five factor models were used in regressions
over the time period July 1992-June 2011. To put differently, after testing
Fama-French three factor model, a momentum factor was added to the
model. And after testing four factor model, a factor reflecting liquidity was
added to the model. According to the regression results, all of the models
were found to be successful at explaining the variation in average returns.
Although R? values generated by three models were close to each other,
based on GRS values, the best model was five factor model followed by

three factor and four factor models consecutively.

Yalcin (2012) compared the efficacies of CAPM and Fama-French three
factor model in performance evaluation of A-type mutual funds in Turkey. The
study encompasses the period between 2003 and 2010. According to the
results, three factor model had a slightly better performance than CAPM in

explaining variation in mutual funds’ returns.

Eraslan (2013) investigated to what extent, Fama-French three factor model
can explain common variation in stock returns in ISE between 2003-2010.
His analysis showed that three factor model can explain a considerable part
of variation in excess returns, but the t-statistics and R* values obtained
suggested that some additional factors are needed for the unexplained part.

Yuksel (2013) tested the existence of common risk factors in the returns in
ISE applying Fama-French three factor model over the period between 2001-
2012. He compared the relative performances of CAPM, three factor model
and another model which adds two bond market risk factors (maturity risk
and default risk) to the three factor model. His analysis shows that while the
model which consists additional bond market risk factors fares a slightly
better job than three factor model, three factor model apparently outperforms
CAPM. Another result of the study is that the addition of bond market factors

increased the significance of stock market factors, SMB and HML.
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2.6. Conclusion

Considering the studies made both in Turkey and abroad, it is apparent that
in most of the cases, size and B/M effects were detected. And if we evaluate
the studies based on the relative performances of CAPM and Fama-French
model, it can be easily recognized that the former was outperformed by the
latter almost in all cases. To conclude, the presence of size and B/M effects
and the superiority of Fama-French models proved themselves to be

independent of sample and time period , considering the studies in literature.
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CHAPTER 3

DATA, METHODOLOGY AND DESCRIPTIVE STATISTICS

3.1. Introduction

In this chapter, data, methodology and descriptive statistics will be depicted
in detail. The following section will show how and where the data is gathered
from. The data elimination and sample formation process will be explained.
Chapter will continue with description of portfolio formation methods. The
way in which six size-B/M and eighteen size-B/M-profitability portfolios
formed will be showed to make the reader familiar with these two sets of
portfolios. After this step, the factor construction methods will be explained,
which will provide a deeper comprehension of the factors used in three and

four factor models.

In the third section, firstly, the sample characteristics and descriptive
statistics of six size-B/M and eighteen size-B/M-profitability portfolios will be
examined in detail. The existence of size, value and profitability patterns will
be investigated. Secondly, the descriptive statistics of our dependent
variables, excess returns of six size-B/M and eighteen size-B/M-profitability
portfolios are represented and interpreted. The folowing part will exhibit the
descriptive statistics for factor returns, SMB6, HML6, SMB18, HML18, and
RMW18. The chapter will end with representation of correlations between

factors used in three and four factor models
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3.2. Data And Methodology
3.2.1. Data

Istanbul Stock Exchange (IMKB) was founded in 26 December 1986 and it
was combined with Istanbul Gold Exchange and the Derivatives Exchange of
Turkey to form Borsa Istanbul (BIST) on 3" of April 2013. The number of the
stocks listed in the exchange and total market capitalization of the stocks can
be seen in the Figure 1 and Figure 2.
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Figure 1: Number of Stocks Listed in ISE

Notes: Figure shows the number of the stocks as of the first day of the year.

Data source : http://www.borsaistanbul.com/veriler/verileralt/aylik-konsolide-veriler
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Notes: Figure shows the total capitalization as of the first day of the year.
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Figure 3. Market Capitalization of Listed Companies (% of GDP)

Note: Data downloaded from http://data.worldbank.org/indicator/CM.MKT.LCAP.GD.ZS

Figure 3 shows the ratios of total market capitalization to GDP as
percentages for Turkey and U.S. As can be seen, the percentage of total
capitalization to GDP in U.S is far higher than in Turkey. The low percentage
rates in Turkey indicates the undervaluation of companies listed in stock

exchange and growth potential of stock market in Turkey.

The sample includes all stocks listed on the ISE-ALL Index between July
2004 and June 2013. Although Fama and French (1992) excluded financial
firms from their sample, in this thesis, they are also included in the sample.
The reason for the exclusion of companies in the financial sector was related
to the leverage ratio. In their study, leverage was one of the factors examined
and they claimed that high leverage ratio for financial firms, which is a normal
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situation for them, does not mean the same thing for non-financial firms. In
case of non-financial firms, high leverage ratio indicated financial distress.
Due to this reason, they did not include financial firms in their sample.
However, in our case, leverage is not one of the factors used or examined.
Therefore, the sample includes all companies listed in ISE after some

elimination process has taken place.

1. The stocks with negative equity were excluded from the sample since
we follow the Fama-French methodology. However it should be noted
that a firm having a negative equity value at time t was included in the
sample if its equity becomes positive in year t+1.

2. Stocks which were listed in Watchlist Companies Market were not
included in the sample, even if the stock was listed in National Market
in consecutive years.

3. Stocks traded in Second National Market and Emerging Companies
Markets were also not included in the sample. However, although a
company was listed in Second National Market or Emerging
Companies Market in year t, it was included in the sample of year
(t+1) if it has started to be listed in National Market.

4. Lastly, since we need Market Value, B/M Ratio and Net Profit for
every company, if a company lacks the regarding data in December of
year t, it was also excluded from the sample for the period of (t+1).
However if the necessary data was found for December (t+1) till
December 2012, the stock was included in the sample starting from

June of (t+2) in line with Fama-French methodology.

Since the number of the companies listed on the ISE Index increased from
year to year, the number of the firms included in our sample also increased
as expected. The stocks, returns of which were used in this study can be
found in the table Al in the Appendix.
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The monthly return data of the stocks included in the sample was
downloaded from the database of BIST. The monthly returns were calculated

according to the formula below.

Fi*(EDL+BEDZ+1)- R*BDL+T - F 1-1
[ = cccmommmccc moces mme e e e e - ———————— ————

Fil

Gi : Return for the month “i"

Fi - The closing price the equity on the last trading day of the month <"

BDL : The number of rights issues received during the month

BDZ : The number of bonus issues received during the month

R : The price for exercising rights (i.e. subscription price)

T : The amount of net dividends received during the month for a equity with a nominal value of TL 1,000/TRY 1
F i-1 : The closing price of a equity on the last trading day of the month “i-1"

Note: Formula taken from http://www.borsaistanbul.com/veriler/verileralt/fiyat-getiri/

BIST Debt Securities Market Value Weighted Portfolio Performance Index
(180-) (which includes securities maturity shorter than 180 days) was used as
a proxy for the risk free short term interest rate. Daily data was gathered from
the internet site of BIST and monthly return was calculated for the period
between July 2004 and June 2013.

The B/M and the profitability ratio, which is Annual Net Profit/Equity in this
study, were obtained from the tables of Basic Ratios which can be found on

the internet site of BIST under the section of Companies Data.

The market value of the stocks which constitute our sample was also
obtained from the data base of BIST under the Index Data.

Our last data set is BIST All Share Index, which is thought to be the best
proxy for market portfolio. The monthly return data, which can be found on

the internet site of BIST was used in this study.
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3.2.2. Portfolio Formation

i) Size — B/M Portfolios

Fama and French (1992) method was adopted to produce size-B/M
portfolios. In first step, all the stocks in the sample were divided into two
groups according to their size in June of year t. The size breakpoint is
sample median market capitalization. Hereafter, when we mention size of a
stock, the market value or capitalization will be meant. Size of a company in
a certain date means shares outstanding times the closing value of that stock
in that certain date. In our case, in the end of June 2004, all stocks which will
be included in the sample of July 2004-June 2005 period were ranked
according to their size. In each year from 2004 till 2013, in the end of June
this segmentation was repeated. In this way, two portfolios were formed,

which will be called Small Size Portfolio and Big Size Portfolio.

Secondly, all the stocks in the sample were divided into three groups based
on their B/M ratios. The breakpoints used here are 30™ and 70" percentiles.
The B/M ratio is obtained by dividing the book value of a firm to its market
value. To put differently, the B/M is the ratio of net asset value per share to
its price. The ratio was calculated according to the accounting data of the
previous year. To elaborate, for instance, in the end of the June 2004, the
stocks in the sample for the period July 2004-June2005 were divided into
three groups according to the year end data of 2003. Following Fama-
French, due to the fact that annual year end reports are made public with
lags reaching 5-6 months in some cases, the portfolios were formed in the
end of June to guarantee that the investor has data regarding last years
financial statements. This process of portfolio formation according to B/M
ratio is repeated in the end of the June each year between 2004 and 2013.
For every year we obtained three portfolios based on the B/M ratio. We will

call these portfolios High B/M, Neutral B/M and Low B/M portfolios.
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The intersection of the portfolios mentioned above forms 6 portfolios ranked

according to two criteria. Size-B/M portfolios are classified as in Table 1.

Table 1: Definition of Size-B/M Portfolios

Portfolio Size B/M
1| SL Small Low
2 | SN Small Neutral
3 | SH Small High
4 | BL Big Low
5 | BN Big Neutral
6 | BH Big High

Then the six portfolios are composed as follows:

SL : Portfolio consisting small size and low B/M stocks

SN : Portfolio consisting small size and neutral B/M stocks
SH: Portfolio consisting small size and high B/M stocks
BL : Portfolio consisting big size and low B/M stocks

BN: Portfolio consisting big size and neutral B/M stocks

2 i o

BH : Portfolio consisting big size and high B/M stocks

It should be mentioned, that the returns of these portfolios were value
weighted. That is, after determining the content of the portfolio, the market
capitalization in the portfolio formation time (in the end of June every year),
were considered, and the weight of each stock in the portfolio was defined

accordingly.
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ii) Size-B/M-Profitability Portfolios

Fama and French (2013) methodology was followed to create size-B/M-
profitability portfolios. After first two steps regarding size-B/M portfolio
formation were repeated, the stocks in the sample were divided into three
groups according to their profitability. As in case of sorts produced according
to B/M ratios, here we also use 30" and 70" percentiles as breakpoints. In
spite of the fact that, Fama and French use the operating profit minus interest
expenses divided by book equity to reflect the future profitability, another
profitability measure, net income/book equity ratio, was used because of
reasons related to the data availability. After ranking the stocks according to
their profitability, three sorts were obtained, which are called Robust
Profitability, Neutral Profitability and Weak Profitability portfolios. And the
intersection of these portfolios with six portfolios created according to Size-
B/M ratios, gave us 18 portfolios. In the end of the June each year, this
formation process was repeated. Classification of size-B/M-profitability
portfolios are shown in Table 2.
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Table 2: Definition of size-B/M-profitability portfolios

Portfolio Size B/M Profitabillity
1 | SLW Small Low Weak
2 | SLN Small Low Neutral
3 | SLR Small Low Robust
4 | SNW Small Neutral Weak
5 | SNN Small Neutral Neutral
6 | SNR Small Neutral Robust
7 | SHW Small High Weak
8 | SHN Small High Neutral
9 | SHR Small High Robust
10 | BLW Big Low Weak
11 | BLN Big Low Neutral
12 | BLR Big Low Robust
13 | BNW Big Neutral Weak
14 | BNN Big Neutral Neutral
15 | BNR Big Neutral Robust
16 | BHW Big High Weak
17 | BHN Big High Neutral
18 | BHR Big High Robust

Then the eighteen portfolios are composed as follows:

1. SLW : Portfolio consisting small size, low B/M and weak profitability

stocks

2. SLN : Portfolio consisting small size, low B/M and neutral profitability

stocks

3. SLR : Portfolio consisting small size, low B/M and robust profitability

stocks

4. SNW : Portfolio consisting small size, neutral B/M and weak profitability

stocks

5. SNN : Portfolio consisting small size, neutral B/M and neutral profitability

stocks
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6. SNR : Portfolio consisting small size, neutral B/M and robust profitability
stocks

7. SHW :Portfolio consisting small size, high B/M and weak profitability
stocks

8. SHN : Portfolio consisting small size, high B/M and neutral profitability
stocks

9. SHR : Portfolio consisting small size, high B/M and robust profitability
stocks

10.BLW : Portfolio consisting big size, low B/M and weak profitability stocks

11.BLN : Portfolio consisting big size, low B/M and neutral profitability stocks

12.BLR : Portfolio consisting big size, low B/M and robust profitability stocks

13.BNW :Portfolio consisting big size, neutral B/M and weak profitability
stocks

14.BNN : Portfolio consisting big size, neutral B/M and neutral profitability
stocks

15.BNR : Portfolio consisting big size, neutral B/M and robust profitability
stocks

16.BHW : Portfolio consisting big size, high B/M and weak profitability stocks

17.BHN : Portfolio consisting big size, high B/M and neutral profitability
stocks

18. BHR : Portfolio consisting big size, high B/M and robust profitability stocks

The returns of these portfolios were value weighted as in the case of 6
portfolios. That is, after determining the content of the portfolio, the market
capitalizations in the portfolio formation time (in the end of June), was
considered, and the weight of each stock in the portfolio was determined

accordingly.

27



3.2.3 Factor Constructions

i) SMB6 and HML6 Factors for FF 3 factor Model

In Fama-French three factor model, in addition to market factor, two more
factors are used. These two factors will be constructed using 6 portfolios
formed based on Size and B/M and Fama and French (1993) methodology
will be adopted.

SMBS6 factor is constructed as follows:

SMB6 is obtained by subtracting the average return of 3 big size portfolios

from the average return of small size portfolios. We can represent SMB6 as
SMB6=[((SL+SN+SH)-(BL+BN+BH))/3] (3.1)

In this way, we obtain monthly returns for SMB6.

HMLG6 factor is constructed as follows:

This factor is produced in a similar way to SMB6. To produce the returns
needed, we use the returns of 2 high B/M portfolios and 2 low B/M portfolios.
HMLG6 factor can be represented as

HML6=[((SH+BH)-(SL+BL))/2] (3.2)

Having calculated the difference between the average returns of high B/M

and low B/M portfolios, our third factor in FF 3 factor model is produced.
i) SMB18, HML18 and RMW18 Factors for FF 4 Factor Model

In Fama French Four Factor Model, a fourth factor, RMW, will be added to
the model. However, it should be noted that the way, in which SMB and HML
factors were constructed, also changes. So we will call these factors SMB18
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and HML18. The Fama-French (2013) factor construction methods are as

follows.

SMB18 factor is constructed as follows :

The returns of this factor is obtained by subtracting average return of 9 big

size portfolios from average return of 9 small size portfolios. That is,

SMB18=[((SLW+ SLN+ SLR+ SNW+ SNN+ SNR+ SHW+ SHN+ SHR)-
(BLW+ BLN+ BLR+ BNW+ BNN+ BNR+ BHW+ BHN+ BHR) )/ 9] (3.3)

HML18 factor is constructed as follows:

The returns of this factor is obtained by subtracting average return of 6 low
B/M portfolios from average return of 6 high B/M portfolios. So, HML18 can

be represented as

HML18=[((SHW +SHN +SHR +BHW +BHN +BHR ) - (SLW +SLN +SLR
+BLW +BLN +BLR ) )/ 6] (3.4)

RMW18 factor is constructed as follows:

The returns of this factor is obtained by subtracting average return of 6 weak
profit portfolios from average return of 6 robust profit portfolios. So, RMW18

is equal to

RMW18=[((SLR +SNR +SHR +BLR +BNR +BHR) -(SLW +SNW +SHW +
BLW +BNW +BHW)) / 6] (3.5)
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3.3. Sample Characteristics and Descriptive Statistics

3.3.1 Sample Characteristics and Descriptive Statistics of 6 Size-B/M

Portfolios

The tables below (Table 3 and Table 4) show the number and percentage of

stocks included in six portfolios formed according to size and B/M.

Table 3 : Number of Stocks In Six Size-B/M Portfolios

Number of Stocks In Portfolios
Time Period SL SN SH BL BN BH Total
Number
July 2004-
June 2005 16 36 41 40 37 15 185
July 2005-
June 2006 21 36 41 38 41 18 195
July 2006-
June 2007 19 43 40 42 39 21 204
July 2007-
June 2008 20 44 45 46 42 21 218
July 2008-
June 2009 19 42 51 48 48 16 224
July 2009-
June 2010 20 46 49 49 46 20 230
July 2010-
June 2011 24 42 53 47 53 18 237
July 2011-
June 2012 26 51 53 52 52 25 259
July 2012-
June 2013 30 54 48 49 52 31 264
Av. No of Stocks 21.67 | 43.78 | 46.78 | 45.67 | 45.56 20.56

Notes: S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M
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Table 4: Percentage of Stocks In Six Size-B/M Portfolios

Percentage of Stocks
Year SL SN SH BL BN BH

July 2004-

June 2005 8.65% 19.46% 22.16% 21.62% 20.00% 8.11%

July 2005-

June 2006 10.77% | 18.46% 21.03% 19.49% 21.03% 9.23%

July 2006-

June 2007 9.31% 21.08% 19.61% 20.59% 19.12% 10.29%

July 2007-

June 2008 9.17% 20.18% 20.64% 21.10% 19.27% 9.63%

July 2008-

June 2009 8.48% 18.75% 22.77% 21.43% 21.43% 7.14%

July 2009-

June 2010 8.70% 20.00% 21.30% 21.30% 20.00% 8.70%

July 2010-

June 2011 10.13% | 17.72% 22.36% 19.83% 22.36% 7.59%

July 2011-

June 2012 10.04% | 19.69% 20.46% 20.08% 20.08% 9.65%

July 2012-

June 2013 11.36% | 20.45% 18.18% 18.56% 19.70% 11.74%
AV ;’i{gﬁgt of | 96206 | 19.53% | 20.95% | 20.44% | 20.33% | 9.12%

Notes: S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M
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B SH
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B BH

Figure 4 : Percentage of Stocks In Six Size-B/M Portfolios

Notes: S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M

We can see in Figure 4 that stocks cluster in SN, SH, BL and BN. The
number of the stocks in SL and BH is less if compared to the other 4
portfolios. This result is expected, since the B/M ratio and size are negatively
correlated, larger firms are more likely to have smaller B/M ratios, and

smaller ones higher B/M ratio.

Table 5 shows mean and standard deviation of monthly returns for six Size-
B/M portfolios in percentage terms. The number of observations for each
portfolio is 108. That is, the monthly return data for 9 years (July 2004-June
2013). We can state, that small portfolios outperform big stocks in the case of
low and neutral B/M columns. This result is in line with the hypothesis of size
effect. To put differently, the return of a portfolio consisting of large stocks
has lower expected return than a portfolio consisting of smaller stocks with
respect to market value. But in third column, we observe that the situation is
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reversed. Namely, for high B/M portfolios, which includes value stocks, size
and average return are negatively related. However, we can express that the
spread is small compared to other two columns (%0.421). The reason for the
lack of size effect in the case of high B/M portfolios will be investigated in
further parts of this study. Considering the standard deviation part, we can
draw similar conclusions. Since, in theory, average return and risk are
positively correlated, small size portfolios have higher standard deviations
than big size portfolios except the last column. If we examine the B/M effect,
keeping the size constant, it can be claimed that for small portfolios, as B/M
increases, average return increases when we compare low B/M and neutral
B/M group (spread=%0.356), but average return decreases as we compare
neutral and high B/M portfolio (in spite of the small spread %0.1). The
expected result was a positive correlation between B/M and average return.
The reason for this result is the challenging characteristics of small size
portfolios and a deeper analysis will be made in the following sections of this
study. However, considering the big size portfolios, a B/M effect is obvious in
line with the theory. That is, the average return of the portfolios increase
monotonically with B/M.

Table 5 : Means and Standard Deviations of Six Size-B/M Portfolios

6 Mean Std.Dev. 6
Size- Size-
B/M B/M
Portf. | Low | Neutral | High Low | Neutral | High | Portf.

Small [ 2.093 | 2.449 | 2.349 11.897 9.461 | 8.111 | Small

Big 1.692 | 1.865 | 2.770 7.752 9.4118.891| Big
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3.3.2 Sample Characteristics and Descriptive Statistics of 18 Size-B/M-
Profitability Portfolios

In this part of the study, we will focus on the sample characteristics and
descriptive statistics of the 18 portfolios formed from the sorts of size, B/M

and profitability.

In the tables below (Table 6 and Table 7), the number and percentage of
stocks included in each portfolio is presented for each period. It can be stated
that there is no clustering pattern considering the numbers and percentages

of stocks included in portfolios as seen in figure 5.
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Table 6 : Numbers of Stocks In Eighteen Size-B/M-Profitability Portfolios

Number of Stocks In Portfolio

Year SIW | SIN | SIR | SNW | SNN | SNR | SHW | SHN | SHR | BW | BIN | BIR | BNW | BNN | BNR | BHW | BHN | BHR N::r:abler
July 2004-June 2005| 6 3 ] 1 1 10 0 3 8 5 18 v 8 19 10 5 b 4 185
July2005-June 2006| 11 8 1 12 il 3 19 18 4 ] 14 ) 3 18 0 ] 8 3 19
July 2006-June 2007\ 7 5 1 18 19 b 18 19 3 4 7 3 4 2 13 10 10 1 204
July 2007-June 2008| 8 5 ] 14 19 1 1 il 3 9 8 2] 8 0 14 b 3 2 28
July 2008-lune 2009| 13 4 1 2 12 8 v 25 9 b 1 JL) 5 25 18 4 10 2 24
July2009-June 2010{ 10 ] 3 ") il 8 /) 25 1 10 8 3 5 il 0 5 10 5 30
July2010-lune 2011| 14 5 5 il 2 9 i) A 1 8 18 Al 10 2 Al 1 14 3 J£]]
July2011-June 2012 15 5 b 19 /) 10 0 3 10 8 12 3 1 3 18 5 18 2 259
July 2012-June 2013| 18 b b 18 /) 1 16 2 b 8 3 P 12 2 18 ] v ] 264
Av.NoofStocks | 1033 | 533 | 500 | 17.00 | 1689 | 989 | 1889 | 2156 | 633 | 7.2 | 1244 | 2600 | 733 | 2033 | 1689 | 556 | 1178 | 32

Notes: First letter indicates size group: S=Small // B=Big

Second Letter indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Third Letter indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.




Table 7: Percentages of Stocks In Eighteen Size-B/M-Profitability Portfolios

Percentage of Stocks

Year SIW | SIN | SIR | SNW | SNN | SNR | SHW | SHN | SHR | BLW | BN | BIR | BNW | BNN | BNR | BHW | BHN | BHR

July2004-June 2005|  3.24%|  L62%| 37%%| 64%| 7STR| 546 108 7.03n| 43| 200%| 97| 91%| 43%| 1027 SAUR| 270% 3%k 216%

July200-June 2006| 5640 410% 10| 615%| 5646 6676 97| 923n| 205%| 35%| 7.8k 8726 LS| 923%| 1026% 35%% 410 15k

July2006-June 2007|  3.43%| 245%| 34%%| 8826 93Un| 29| 88| 93U6| 147e| 196%| 343 15.20W L196%| 1078%| 637 A0 490%| 04%

July2007-June 2008| 3678 229%| 30| 64| 8726 S05%| 963%| 963w L1386 A 367e| 1330% 3676 97| 6426 275% 5% 052

July2008-June 2009| 580 L79%| 08%)| 98| 536k 35| 75%| 1116w 402%| 268%| 625 150%) 223%| 1016%| 804K L7%| 446k 0.8%

July200-June 200]  435%| 304%| L30%| 73%| 913 348k OSM6| 1087 0876 43%%| 34%%| 1348k 21| 913%| 870% 217 43%%| 217%

July2010-lune 2008|590 2.10%) 210%| 88G%| S.06% 380%| 77| 10436 S06%| 33| 75%| 886% 42%| 928 886k 040 S| 127

9¢

July201h-June 2002 | 579%|  193%) 23| 73| 84%| 386%| 77| 888k 386%| 30%| 463 1236% 42% 88| 65k L19% 6% 077

July2012-June 2013|  6.82%  227%| 22%| 682%| 833 S30e| 606%| 985 22| 30%%| A92%| 10618 4SS 83| 6826 265 644%| 265%

Av. Percentof
Stocks A96%| 240%| 226%| 7.57%| 750%| 445%| 857%| 957%| 280%| 321%| 5.65%| 1158%| 3.21%| 958%| 7.54%| 255%| S5.15% 143%

Notes: First letter indicates size group: S=Small // B=Big
Second Letter indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Third Letter indicates profitability group:W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.




BHR
1.43% SLW 4.96%

BHN 5.15%
BHW 2.55%

SLN 2.40% BSLW
SLR 2.26% ESIN

mSIR
BNR 7.54%
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B SNN
HSNR
B SHW
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BLW 3.21% SHR 2.81%
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Figure 5: Percentage of Stocks In Eighteen Size-B/M-Profitability Portfolios

Notes:First letter indicates size group: S=Small // B=Big
Second Letter indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Third Letter indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.

Table 8 shows the mean values and standard deviation for 18 portfolios all in
percentages. We can observe pattern regarding the size. Keeping the B/M
and profitability constant, we observe a negative relation between the size
and average return. Only in two cases (SNN compared to BNN // SHN

compared to BHN) there is a positive correlation. In other cases, big size
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portfolios have lower average returns than small size portfolios. However, we
can not observe an obvious pattern in case of examining the B/M effect. Here
the challenging part is small size portfolios. For small size portfolio case, the
average return is following a random pattern. For big size portfolios, however,
the average return is increasing monotonically with B/M ratio. The last
pattern, which we want to detect, if it is present, is the profitability pattern.
The expected result is a positive relation between profitability and average
returns considering our 18 portfolios. Again, like in the case of B/M portfolios,
there can not be detected an obvious pattern regarding small size portfolio
group. As can be seen in the table 8, while for SL group (small size-low B/M)
average return is increasing with profit, for SN group (small size-neutral B/M)
average return is decreasing and after that increasing again with profitability.

For big size portfolios, a similar situation is observed.

Table 8: Means and Standard Deviations of Eighteen Size-B/M-Profitability Portfolios

Mean of 18 Portfolios
Small Size Big Size
Low Neutral High Low Neutral High
B/M B/M B/M B/M B/M B/M
Weak Weak
Prof. 0.658 2.427 2.204 0.610 1.273 2.173 Prof.
Neutral Neutral
Prof. 2.152 2.011 2.633 1.887 2.080 3.657 Prof.
Robust Robust
Prof. 2.511 3.172 1.960 1.794 1.855 1.955 Prof.
Std.Deviation of 18 Portfolios
Small Size Big Size
Low Neutral High Low Neutral High
B/M B/M B/M B/M B/M B/M
Weak Weak
Prof. 10.917 12.880 8.944 10.121 9.947 10.834 Prof.
Neutral Neutral
Prof. 18.308 9.692 8.068 9.941 9.783 9.719 Prof.
Robust Robust
Prof. 11.784 9.853 9.536 7.803 9.549 10.348 Prof.
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3.3.3 Descriptive Statistics of Excess Returns of 6 Portfolios

In this section we will examine the excess returns of 6 portfolios, which are
represented by Ri(t)-RF(t) where Ri(t) is the return on portfolio i=SL, SN, SH,
BL, BN, BH and RF(t) is the risk free rate.

Table 9: Summary statistics of Excess Returns of Six Size-B/M portfolios

ESL ESN ESH EBL EBN EBH
Mean 1.032 1.388 1.288 0.631 0.804 1.709
Median -0.234 1.486 1.387 1.589 1.177 2.387

Maximum 70.828 | 35.158 | 16.443| 21.822 | 27.279| 20.716
Minimum -27.089 | -27.193 | -24.693 | -23.416 | -29.148 | -27.634
Std. Dev. 11.867 9.438 8.091 7.736 9.382 8.859

Notes: The letter E indicates Excess Return

S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M

Table 9 above shows the summary statistics for the excess returns of six
portfolios constructed according to sorts on size and B/M. The first letter
stands for excess return. What is meant by excess return is the difference
between the monthly return of the portfolio and monthly return of risk free
asset. Mean values are all in percentage terms. If we compare the mean
values (which is equal to the average of the monthly return of the portfolio),
we can easily state that we draw the same conclusions with the case of 6
portfolio returns (not excess returns). We can detect a size effect which is in
line with the expected result except high B/M portfolios. As the average

excess return decreases with size for low and neutral B/M portfolios

39



(comparison between ESL-EBL and ESN-EBN), the situation is reversed
regarding the high B/M portfolios. If we skip to the observation of B/M
patterns, there is also a similar situation. What we expect here is a
monotonically increasing average excess return pattern. That is, the average
return of portfolios which consists of higher B/M stocks (value stocks), is
expected to be higher in line with Fama and French results (1992). For big
size portfolios, this value effect is obvious and strong, whereas for small

stocks, average excess return increases and then decreases, though slightly.

As seen in figure 6 , the excess returns can be sorted as EBH > ESN > ESH
> ESL > EBN > EBL.

1.800 - 1.709

1.600 i

1.400 A

1.288

1.200 7 1.032

1.000 - 0.804

i ||||
EBN

Figure 6: Average Excess Returns of Six Size-B/M portfolios

0.800 -

0.600 -

0.400 -

0.200 -

0.000 T T
ESL ESN

Notes: The letter E indicates Excess Return

S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M
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Another point, which is worth mentioning is the minimum and maximum
values of excess returns. As can be seen in the table 9, there is a wide
spread between maximum and minimum values. This spread may be caused
because of the unusually high risk free rates (the return of government
bonds) in the times of high inflation and mounting need of government to
borrow. This can be a candidate reason to explain unusually negative excess
return of portfolios. Another reason may be the fragile structure of the stock
market, which is highly exposed to speculation, manipulation and crises. The
response of BIST to crises can be claimed more reactionary and it can be
affected more negatively compared to the other countries (i.e U.S stock
exchange which is much deeper in volume, much larger in terms of
capitalization). The exceptionally high excess returns which can be detected
from maximum values, can be partially explained by the poor diversification
of portfolios. Since the number of stocks which are listed in exchange is
substantially less than in developed countries like U.S, the number of stocks
included in portfolios are also small in some cases. So in spite of the
endeavors to eliminate the stocks the prices of which are suspected to move
speculatively etc., some of the stocks may be still irrationally priced or
speculatively attacked. In such a situation, the volatility may be reflected to

the whole portfolio because of poor diversification.

3.3.4 Descriptive Statistics of Excess Returns of 18 Portfolios

In this part of the study, we will focus on the descriptive statistics of excess
returns of 18 portfolios which were constructed according to size, B/M and
profitability. The excess returns are represented Ri(t)-RF(t) where Ri(t) is the
return on portfolio i=SLW, SLN, SLR, SNW, SNN, SNR, SHW, SHN, SHR,
BLW, BLN, BLR, BNW, BNN, BNR, BHW, BHN, BHR, and RF(t) is the risk

free rate.
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Table 10: Summary statistics of Excess Returns of Eighteen Size-B/M-Profitability Portfolios

ESLW | ESLN | ESLR | ESNW | ESNN | ESNR | ESHW | ESHN | ESHR | EBLW | EBLN | EBLR | EBNW | EBNN | EBNR | EBHW | EBHN | EBHR
Mean -0.403[ 1.091] 1.450[ 1.366| 0.950| 2.112| 1.143| 1.573| 0.899| -0.450| 0.827| 0.733] 0.213] 1.020] 0.794] 1113| 2597 0.89%4
Median -0.954| -0.573| 0.039] 0.980[ 0.832 2406 1.681| 2.294| 0.302| -0.500] 0.868| 1.107 0.430| 1.545] 0.646] 1.596| 1.997| 2.078
Maximum | 31.852| 153.201| 53.886 90.394| 38.343| 29.546 20.051| 16.350| 25.106| 21.578| 28.869| 22.121| 26.182| 27.477| 29.169| 31.491| 30.792| 28.655
Minimum | -29.343| -27.806| -27.730 -27.615| -26.148| -28.654| -29.668| -22.422| -24.881| -29.108| -33.234| -21.847| -33.769]| -28.142| -30.870| -30.821| -27.322| -29.335
Std. Dev. 10.920[ 18.301| 11.719| 12.866| 9.688| 9.797| 8.935[ 8.050| 9.500] 10.114| 9.944| 7.790] 9.954| 9.752| 9.524| 10.822| 9.642| 10.359
Skewness 0.107) 5352 1.251] 2.855| 0.263| -0.460| -0.473| -0.450] 0.149] -0.350| -0.058| -0.104| -0.245| -0.220[ 0.032| -0.312| -0.024 -0.129
Kurtosis 3.697| 45.434] 7.159| 22.680] 4.560| 3.864| 3.593| 3.183| 3.245| 3.212| 4.206 3.731f 4.051| 3.332| 3.747 3.631] 3.651] 3.138

Notes: The letter E indicates Excess Return

Second letter indicates size group: S=Small // B=Big

Third Letter Indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Fourth Letter Indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.




Table 10 shows descriptive statics for excess returns of 18 portfolios over
risk free rate as percentages. A size effect, namely a negative relation
between average excess return and size can be detected examining the
mean values. However, for neutral B/M-neutral profitability portfolios and for
high B/M-neutral profitability portfolios, as the size increases, average return
also increases. As the spread between BNN and SNN is only %0.07, the
difference between BHN and SHN is %1.02. As mentioned earlier, in line with
the Fama French study (1993), we expect that the value stocks (high B/M)
have higher average excess returns than growth stocks (low B/M). Therefore,
we hope to observe a positive correlation between average return and B/M.
Interestingly, this kind of a pattern, which reflects the positive relation is only
present for big size portfolios. For big size portfolios, if we keep profitability
constant, average excess returns are monotonically increasing with B/M.
However, no pattern can be detected in case of small portfolios. Regarding
the profitability effect, we encounter a different situation. We can not detect a
positive or negative pattern, namely a profitability effect. The expected result
was a positive relation between profitability and average excess return.
Whereas, neither for small size portfolios, nor for big size portfolios, such a

relation is observed.
As seen figure 7, the excess returns can be sorted as :

EBHN > ESNR > ESHN > ESLR > ESNW > ESHW > EBHW > ESLN >
EBNN > ESNN > ESHR > EBHR > EBLN > EBNR > EBLR > EBNW >
ESLW> EBLW.
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Figure 7 : Average Excess Returns of Eighteen Size-B/M-Profitability Portfolios

Notes: The letter E indicates Excess Return
Second letter indicates size group: S=Small // B=Big
Third Letter Indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Fourth Letter Indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.

A salient point is that low B/M-weak profitability portfolios have negative
average excess returns for both size groups. This fact may produce
challenging results for our empirical asset pricing models which will be
constructed in further parts of this study like in Fama French (2013) However,
this result, negative return, may be more challenging than in Fama —French

study, since the only negative average excess returned in their study was
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obtained for small size, low profitability and low B/M portfolio. In our case, we
have two negative average returns. The potential reasons and effects of this
negative average excess returns will be elaborated in the following sections

in this study.

Regarding the maximum and minimum returns, the same reasons in the case

of six portfolio can be asserted.

3.3.5 Descriptive Statistics of Factor Returns

In this part, our focus will be on the descriptive statistics of our factor returns,
which will be used in CAPM, FF Three Factor Model and FF Four Factor
Model. That is, Rm-Rf, SMB6, HML6, SMB18, HML18, RMW18. (See
equations 3.1, 3.2, 3.3, 3.4, and 3.5 for factor constructions)

If we compare the mean returns (see Table 11), we can sort the mean factor

returns as;
Rm-Rf > HML18 > HML6 > RMW18 > SMB18 > SMB6

Thus, we can state that the average excess return of market over risk free
rate is larger than the average excess return of small size over big size
portfolios, high B/M over low B/M portfolios and robust over weak profitability
portfolios. This result is in line with Fama-French 2013 paper. And if we
consider, the premiums, it is apparent that the value premium (HML) is larger
than profitability premium and size premium. This result is the inevitable
result of factor construction. To elaborate, since we use three sorts to
produce both HML and RMW, the middle %40 are dropped. This in turn
causes a focus on the extremes of the two variables according to Fama-
French (2013) But in case of SMB, the story changes a bit. We use two sorts
and our break point is Istanbul Stock Exchange median market cap. So the

spread of average returns between two groups of portfolios is smaller.
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Table 11: Summary Statistics of Factor Returns

Rm-Rf | SMB6 | HML6 | SMB18 | HML18 | RMW18
Mean 0.846 0.188 0.667 0.271 0.828 0.650
Median 1.695| -0.345 1.300 | -0.106 1.156 0.344
Maximum | 20.870 | 25.526 | 13.204 | 17.547 | 11.908 9.124
Minimum | -24.580 | -11.100 | -28.333 | -7.838 | -24.126 | -8.340
Std. Dev. 8.087 5.104 4.803 4.382 4.465 3.575

3.3.6. Correlation Between Factors

Table 12 shows the correlation between the factors which will be used in FF
Three Factor Model. All factors are negatively correlated. The correlation
between HML6 and Rm-Rf is close to zero, whereas the correlation between
SMB6 and Rm-Rf can be described weak. The strongest correlation is
between SMB6 and HMLG6.

Table 12 : Correlation Between Factors of Three Factor Model

Rm-Rf | SMB6 | HML6
Rm-Rf 1.00| -0.16| -0.04
SMB6 -0.16 1.00| -0.43
HMLG6 -0.04| -0.43 1.00

Table 13 shows the correlations between the factors which will be used in
Fama-French Four Factor Model. Both negative and positive correlation
coefficients are obtained in contrast to the correlations in Table 12. The sign
of the correlation between market excess return and HML has changed from

negative to positive. The addition of a fourth factor, profitability factor, may
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have caused this alteration. The weakest correlation is observed between
Rm-Rf and HML 18, which is close to zero. The strongest correlation shows
up between HML18 and SMB18 like in the case of three factor model
correlation table. The sign is negative, which indicates that these premiums

move mostly in opposite directions during our analysis.

Table 13 : Correlation Between Factors of Four Factor Model

Rm-Rf | SMB18 | HML18 | RMW18
Rm-Rf 1.00 -0.15 0.03 -0.13
SMB18 -0.15 1.00 -0.47 -0.28
HML18 0.03 -0.47 1.00 0.18
RMW18 | -0.13 -0.28 0.18 1.00

3.4. Conclusion

In the first section of this chapter, data selection, portfolio formation and

factor construction processes were explained in detail. Fama-French
(1992,1993,2013) methodology was used

formation and portfolio construction processes. Six size-B/M portfolios were

in data selection, portfolio
formed by dividing the sample into two size and three B/M groups (See table
1). SMB6 and HML6 factors which reflect the risk factors related to size and
B/M are constructed using the portfolios mentioned above. (See equations
3.1 and 3.2) These factors are used in Fama-French three factor model as
explanatory variables. In a similar way, eighteen size-B/M-profitability
portfolios are formed by dividing the sample into two size, three B/M, and
three profitability sorts (See table 2). The intersection of these portfolios gives

us eighteen portfolios. The SMB18, HML18, and RMW 18 factors, which are
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used as explanatory variables in Fama-French four factor model are

constructed using these eighteen portfolios (See equations 3.3,3.4, and 3.5)

In the second section of the chapter, firstly, size, value and profitability
patterns in average returns were examined for six size-B/M and eighteen
size-B/M-profitability portfolios. After that, descriptive statistics for two sets of
dependent variables, namely, excess returns of these portfolios, and factor
returns were represented. And lastly, the correlations between factors were

investigated. Summary of the main points is as follows:

Regarding six size-B/M portfolios, except high B/M group, a size effect was
detected. On the other hand, speaking of value effect, an increase in average
return with B/M is observed in big portfolios as expected. However, in small
portfolio case, a similar conclusion can not be drawn because of the lack of a

value pattern.

Regarding eighteen size-B/M-profitability portfolios, a size effect is present,
which means that average return is decreasing with size. Like in the case of
six portfolios, there is a value effect in big size portfolios, while there is not an
obvious pattern in small size portfolios. Lastly, a random pattern is detected
regarding the profitability effect. An obvious relation between profitability and

average return does not exist considering descriptive statistics.

When the excess returns of six size-B/M portfolios were evaluated, similar
results were obtained with the case of portfolio returns. The average excess

returns can be sorted as:
EBH > ESN > ESH > ESL > EBN > EBL

When the excess returns of eighteen size-B/M-profitability portfolios were
evaluated, similar results were obtained with the case of portfolio returns.

The average excess returns can be sorted as:
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EBHN > ESNR > ESHN > ESLR > ESNW > ESHW > EBHW > ESLN>
EBNN > ESNN > ESHR > EBHR > EBLN > EBNR > EBLR > EBNW >
ESLW > EBLW

Having examined the correlations between factors used in Fama-French
models, it can be asserted that the level of correlations is low with the highest
value of -0.47 between HML18 and SMB18.
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CHAPTER 4

EMPIRICAL RESULTS OF CAPM AND FAMA-FRENCH
MODELS IN ISTANBUL STOCK EXCHANGE

4.1. Introduction

In this chapter, the regression results for two sets of portfolios are
demonstrated. As left hand side (LHS) variables, both excess returns of 6
size-B/M portfolios and excess returns of 18 size-B/M-profitability portfolios
are used. The regressions are conducted using three different models;
CAPM, Fama French Three Factor Model and Fama French Four Factor
Model. The time series approach is adopted where the time period
encompasses 108 months, between July 2004 and June 2013. Intercept
values, slopes, t-statistics, R® values and F statistics are evaluated and

interpreted.

4.2. Regression Results for Six Size-B/M Portfolios

In this part, the excess returns of six size-B/M portfolios are used as
dependent variables. The time series regressions are conducted using three
different models; CAPM, Fama French Three Factor Model and Fama French
Four Factor Model.

4.2.1 Regression Results For CAPM

According to CAPM, the excess return of an asset or a portfolio can be
explained only by a market factor. The CAPM equation employed here is
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Ri(t)-RF(t) = a + B [RM(t)-RF(1)] + e(t) (4.1)

where Rj(t) is the return on portfolio i=SL, SN, SH, BL, BN, BH. (See table 1)
RF(t) is the risk free rate, RM(t) is the return on the market index, and e(t) is

the error term.

Table 14 shows the regression intercepts, slopes, t statistics, adjusted R?
values and F statistics obtained using the CAPM model to explain the
monthly excess returns of six portfolios [Ri(t)-RF(t)], namely, ESL, ESN, ESH,
EBL, EBN, EBH.

Considering a values, we can say that when the intercept for small size
portfolios are positive, a contrary situation shows up for big size portfolios. If
we evaluate t-statistics of intercept term, except the EBH, excess return of
Big Size-High B/M portfolio, all of the a’s are statistically insignificant. In our

case, this is a desired result, since a indicates the pricing error in this model.

Focusing on the regression slopes, which are represented by 3, we can say

that all of them are positive and statistically significant.

R?values shows some kind of pattern and while explanatory power regarding
the small size portfolios are low, the explanatory power for big portfolios are
high. It ranges between 0.42 and 0.96. Indeed, this result shows that we
need some additional factors to explain increase the explanatory power of

the model.

F statistics are high enough to prove that model is statistically significant for
each portfolio.
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Table 14: Regression Results of CAPM for Six Size-B/M Portfolios

Model : R()-RF(t) = a + B [RM()-RF(1)] + e(t)

CAPM
a | ta) | B | t(B) | AdjR?| F-stat
ESL | 0.22| 0.26|096| 884| 0.42| 78.15
ESN | 0.59| 1.10/0.95| 14.39| 0.66| 207.01
ESH | 0.58| 1.34|0.83| 15.42| 0.69| 237.63
EBL | -0.14 | -0.61 | 0.91| 32.29 | 0.91|1042.37
EBN | -0.16 | -0.86 | 1.14 | 50.05| 0.96 | 2504.61
EBH | 0.88| 2.32|0.98| 21.05| 0.81| 442.99

Notes: The letter E indicates Excess Return (R(t)-RF(t))

S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M

4.2.2 Regression Results For Fama French Three Factor Model

In this section, time series regressions are conducted using Fama-French

Three Factor Model which is represented by the equation below;
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + sSMB6(t) + hHML6(t) + e(t) (4.2)

where R;i(t) is the return on portfolio i=SL, SN, SH, BL, BN, BH (See Table 1).
RF(t) is the risk free rate and RM(t) is the return on the market index.
SMB6(t) is the difference between average returns of small size portfolios
and big size portfolios, HML6(t) is the difference between average returns of
high B/M portfolios and low B/M portfolios (See equation 3.1 and 3.2). e(t)

shows the error term.

As can be seen above, LHS variables are the six portfolio excess returns
[Ri(t)-RF(t)] ,namely, ESL, ESN, ESH, EBL, EBN, EBH. RHS variables are
excess market return, SMB6 and HML6. The factor constructions are
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explained in detail in chapter 3. The model tries to explain the average
excess return of an asset or portfolio with the help of three risk factors. These
factors are excess return of market portfolio, excess return of small size
portfolios over big size portfolios (a proxy for size risk factor) and excess
return of high B/M portfolios over low B/M portfolios (a proxy for value risk

factor).

Table 15 shows the regression intercepts, slopes, t statistics, R? values and F
statistics obtained as a result of six regressions.

The sign of the alphas does not show any pattern like in the case of CAPM
(see table 14). The regression intercepts for ESL, EBL and EBH are positive,
where intercepts for ESN, ESH and EBN are negative. The t-statistics of a’s
are low enough to guarantee statistically insignificance of intercepts. In other
words, the hypothesis of a being equal to zero can not be rejected for any of
the alphas, which is a positive result for model performance. However, a joint
test will be conducted in the following section to see whether the regression

intercepts are indistinguishable from zero for all of the LHS portfolios.

The high level of t-statistics for B8’s indicate that the coefficient of the market

risk factor is strongly significant for all six portfolio excess returns.

If we move on to the coefficient of SMB6 factor, namely s, we observe two
negative and four positive slopes. Four of them are statistically significant
based on the values of t-statistics. Furthermore, the slope on SM6 factor are
related to size. That is, in regressions with big size portfolios (keeping B/M
constant), the slope is less than in regressions with small size portfolios.

This result is in line with Fama French (1993) results.

Considering the regression slope for HML6, namely h, a similar result is
obtained regarding the signs of the coefficients. We have three positive and
three negative slopes. Only one of the slope coefficients (BN) is statistically
insignificant, which has a t value of -0.25. The slope on this factor is

increasing monotonically with B/M. That is, for regressions of high B/M
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portfolios (keeping size group constant) the slope is higher than regressions

of low B/M portfolios.

R? values range between 0.87 and 0.96, which indicates that model has high
explanatory power. Despite the slopes can not be qualified as strong
especially for big size groups (BL-BN-BH), the improvement in adjusted R®

values is apparent compared to CAPM.

Referring to considerably high F-statistics in Table 15, FF model can be

qualified as significant for each individual regression.

Table 15: Regression Results of Fama-French Three Factor Model for Six Size-B/M

Portfolios

Model : R(t)-RF(t) = a + B [RM(t)-RF(t)] + SSMB6(t) + hHML6(t) + e(t)

FF Three Factor Model
a t(a) B t(B) s t(s) h t(h) | AdjR® | F-stat
ESL | 039 | 1.11|1.06| 2454 | 1.23| 16.22 | -0.72 | -9.05 0.91 | 367.30
ESN | -0.01 | -0.03|1.06 | 31.13 | 1.05| 1751 | 0.45 7.16 0.91 | 369.94
ESH | -0.01 | -0.08 | 0.93 | 4238 | 0.91| 2347 | 051 | 12.60 0.95 | 679.74
EBL | 0.05| 0.26 | 090 | 35.31 | -0.06 | -1.37 | -0.26 | -5.50 0.93 | 455.18
EBN | -0.15 | -0.78 | 1.13 | 4855 | -0.01 | -0.33| -0.01 | -0.25 0.96 | 820.13
EBH| 045 | 142 |1.02 | 25.81 | 0.26 3.70 | 0.51 7.02 0.87 | 230.66

Notes: The letter E indicates Excess Return

S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M
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4.2.3 Regression Results For Fama French Four Factor Model
The FF Four Factor Model employed here is represented by equation
Ri(t)-RF(t) =a + B[RM(t)-RF(t)]+sSMB18(t) + hHML18(t) +rRMW18(t) + e(t) (4.3)

where R;(t) is the return on portfolio i=SL, SN, SH, BL, BN, BH (See Table 1).
RF(t) is the risk free rate and RM(t) is the return on the market index.
SMB18(t) is the difference between average returns of small size portfolios
and big size portfolios, HML18(t) is the difference between average returns
of high B/M portfolios and low B/M portfolios, RMW18(t) is the difference
between the average returns of robust profitability portfolios and weak
profitability portfolios (See equations 3.3, 3.4, and 3.5). e(t) is the error term

in the regression model.

The model has four RHS variables, which reflect the underlying risk factors
which are represented by market excess return, excess return of small size
portfolios over big size portfolios (a proxy for size risk factor), excess return
of high B/M portfolios over low B/M portfolios (value factor), and excess
return of robust profitability portfolios over weak profitability portfolios
(profitability factor). LHS variables are the six portfolio excess returns [Ri(t)-
RF(t)], namely, ESL, ESN, ESH, EBL, EBN, EBH

Table 16 shows that except the intercept for EBN, all of the constants are
positive and all of them are statistically insignificant or indistinguishable from

Z€Eero.

In case of market betas or the slope coefficient of market excess return, only
positive values are obtained. The statistical significance level is obviously

high relying on the t-statistics.

The coefficient of SMB18 takes both positive and negative values.
Furthermore, two of slope coefficients are statistically insignificant in %95
confidence interval. This insignificance problem shows up in two portfolios

which consist the largest stocks.
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The HML18 slopes take both positive and negative values and do not show
any pattern. For the fifth portfolio (Big size-Neutral B/M), h is statistically
insignificant. However, for the rest of the portfolio returns, the slope

coefficients are significant.

Regarding RMW18, five slope coefficients out of six have negative values
and only two of the coefficients are statistically significant. For the

regressions on the small size portfolios, none of the r's is significant.

R? values range between 0.84 and 0.96, which indicates that model has high
explanatory power. However, compared to FF Three Factor Model, in
average there is no improvement regarding the R? values. The insignificance
of 4 out of 6 slopes on RMW also indicates that we should not expect a
higher explanatory power from the model. Interestingly, the addition of
RMW 18 factor, decreases also the significance of SMB18 and HML18 slope
coefficients.

And like in the cases of CAPM and Three Factor Model, the high F-statistics

proves the overall significance of model.
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Table 16: Regression Results of Fama-French Four Factor Model for Six Size-B/M

Portfolios

Model : R(t)-RF(t) = a+8 [RM(t)-RF(t)]+sSMB18(t)+hHML18(t)+rRMW18(t) + e(t)

FF 4 Factor Model
a t(a) B t(B) s t(s) h t(h) r t(r) Adj R? F-stat
ESL 0.61 1.28 | 1.06 18.42 1.15 9.43 | -0.87 | -7.58 | -0.11 | -0.81 0.84 | 146.39
ESN 0.19 0.67 | 1.01 29.21 1.07 | 1466 | 041 | 592 | -0.43 | -5.35 0.91 | 279.41
ESH 0.10 0.36 | 0.88 25.75 086 | 11.78 | 043 | 633 | -0.23 | -2.88 0.88 | 200.80
EBL 0.19 0.91 | 0.90 35.00 | 011 | 201 | 027 | -519 | -0.12 | -1.92 0.93 | 341.54
EBN | -0.20 -1.03 | 1.14 4855 | -001 | -0.18 | -0.01 | -0.20 | 008 | 1.39 0.96 | 622.34
EBH 0.57 1.60 | 0.98 22.82 0.16 178 | 046 | 534 | 017 | -1.71 0.85 | 147.38

Notes: The letter E indicates Excess Return

S=Small Size // B=Big Size //L=Low B/M // N=Neutral B/M // H=High B/M

4.3. Regression Results for 18 Size-B/M-Profitability Portfolios

In this section, the same procedure will be followed and three different
models will be examined in detail. This time, the dependent variables are the

excess returns of 18 size-B/M-profitability portfolios.

4.3.1 Regression Results For CAPM
The CAPM equation employed here is
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + e(t) (4.4)

where Rj(t) is the return on portfolio i=SLW, SLN, SLR, SNW, SNN, SNR,
SHW, SHN, SHR, BLW, BLN, BLR, BNW, BNN, BNR, BHW, BHN, BHR (See
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Table 2). RF(t) is the risk free rate, RM(t) is the return on the market index,

and e(t) is the error term.

Table 17 shows the regression intercepts, slopes, t statistics, R? values and F
statistics obtained using the CAPM model to explain the excess returns of
eighteen portfolios [Ri(t)-RF(t)], namely, ESLW, ESLN, ESLR, ESNW, ESNN,
ESNR, ESHW, ESHN, ESHR, EBLW, EBLN, EBLR, EBNW, EBNN, EBNR,
EBHW, EBHN, EBHR

5 of the alphas are negative, where 13 of them are positive. On the other
hand, 3 of the intercepts are significant, while the rest 15 are insignificant.
Whereas, a GRS-F value should be calculated to test the joint significance of
alphas. This test will be left to the following section.

According to Table 17, all of the betas are positive and considerably high t-
statistics for B’s indicates statistical significance. The null hypothesis =0 is

strongly rejected for each regression.

Considering the adjusted R? values, it can be seen that that range is between
0.17 and 0.91. When faced with 18 portfolios, CAPM can be claimed to be

insufficient in explaining the excess returns.

Although not strong for SLN, SLR and SNW, in individual regressions, model
can be qualified as significant, based on F-statistics.
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Table 17: Regression Results of CAPM for Eighteen Size-B/M-Profitability Portfolios

Model : R()-RF(t) = a + B [RM()-RF(1)] + e(t)

CAPM
a t(a) B t(B) Adj R® F-stat

ESLW | -1.26| -1.81] 1.02| 11.79 0.56 139.08
ESLN 0.27]| 0.17] 0.97 4.87 0.17 23.67
ESLR 0.80| 0.83| 0.77 6.41 0.27 41.12
ESNW 053] 0.54]| 0.99 8.20 0.38 67.31
ESNN 015| 0.26| 0.94| 13.14 0.62 172.62
ESNR 1.29 225| 097| 13.58 0.63 184.40
ESHW 040| 0.76| 0.88] 13.46 0.63 181.15
ESHN 0.90 191| 0.79] 1361 0.63 185.14
ESHR 013| 022 091| 1270 0.60 161.28
EBLW | -1.27| -2.05| 0.97| 12.63 0.60 159.52
EBLN 0.08| 0.12]| 0.88| 10.54 0.51 111.17
EBLR | -0.02] -0.09| 090| 26.01 0.86 676.55
EBNW | -060| -1.01] 097| 13.05 0.61 170.43
EBNN 0.05| 0.16] 1.15| 32.95 0.91 1085.77
EBNR | -0.14| -0.42| 1.10| 27.32 0.87 746.63
EBHW 0.18| 030 1.11| 15.15 0.68 229.65
EBHN 1.77| 3.30] 0.98| 14.73 0.67 216.83
EBHR 010 0.15]| 0.94| 11.01 0.53 121.32

Notes: The letter E indicates Excess Return
Second letter indicates size group: S=Small // B=Big
Third Letter Indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Fourth Letter Indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.

4.3.2 Regression Results For Fama French Three Factor Model
Table 18 shows the regression results for FF Three Factor Model:

Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + SSMB6(t) + hHML6(t) + e(t) (4.5)
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where R;(t) is the return on portfolio i=SLW, SLN, SLR, SNW, SNN, SNR,
SHW, SHN, SHR, BLW, BLN, BLR, BNW, BNN, BNR, BHW, BHN, BHR (See
Table 2). RF(t) is the risk free rate and RM(t) is the return on the market
index. SMB6(t) is the difference between average returns of small size
portfolios and big size portfolios, HML6(t) is the difference between average
returns of high B/M portfolios and low B/M portfolios (See equations 3.1 and

3.2) and e(t) is the error term.

As can be seen above, LHS variables are the eighteen portfolio excess
returns [Ri(t)-RF(t)], namely, ESLW, ESLN, ESLR, ESNW, ESNN, ESNR,
ESHW, ESHN, ESHR, EBLW, EBLN, EBLR, EBNW, EBNN, EBNR, EBHW,
EBHN, EBHR. RHS variables are excess market return, SMB6 and HMLS6.
The factor constructions are explained in detail in chapter 3. The model tries
to explain the average excess return of an asset or portfolio with the help of
three risk factors. These factors are excess return of market portfolio, excess
return of small size portfolios over big size portfolios (a proxy for size risk
factor) and excess return of high B/M portfolios over low B/M portfolios (a

proxy for value risk factor).

11 negative and 7 positive alphas were obtained according to Table 18. 3 of
them are statistically significant, which means the constant term or pricing

error for three of the regressions is not zero in %95 confidence interval.
All of the betas are positive and strongly significant.

Most of the slope coefficients of SMB6 factor take positive values and four of
18 coefficients are statistically insignificant. Additionally, the coefficient s is
depending on the size group, to which portfolio belongs. Keeping B/M and
profitability group constant, for big size portfolio excess returns, the

coefficients are less than for small size portfolio excess returns.

The estimated h’s have both positive and negative signs and eight out of 18

coefficients are insignificant. If we compare the coefficients obtained, keeping
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the size and profitability groups constant, except one case out of 6 cases,

coefficient rises with B/M.

R? values range between 0.52 and 0.91 and it can be stated that a
considerable part can not be explained by the factors used in the model.

Indeed, the R?values improve obviously compared to CAPM.

The F-statistics shows that for each individual regression, the overall
significance of model is high.

61



Table 18: Regression Results of Fama French Three Factor Model for Eighteen Size-
B/M-Profitability Portfolios

Model : R()-RF(t) = a + B [RM()-RF(t)] + SSMB6(t) + hHML6(t) + e(t)

FF Three Factor Model

Adj
a t(a) B t(B) s t(s) h t(h) | R® | F-stat

ESLW | 136 | -247| 1.09|1599| 082 | 6.85| -0.18 | -1.41 | 0.74 | 100.53

ESLN 0.84| 0.78| 1.08| 818 | 157 | 6.75| -1.44 | -590 | 0.65 | 66.34

ESLR 0.51 064 | 088| 890 | 1.16 | 6.70| -0.03 | -0.19 | 0.52 | 39.92

ESNW | 019 | -024| 1.13|11.32| 132 | 749| 053 | 285|059 | 5272

ESNN | 040 | -1.02| 1.05|21.43| 0.99 |11.49 | 042 | 463 | 0.83| 172.34

ESNR 0.83 1.74 | 1.05|17.87| 0.78 | 756 | 0.37| 3.42| 0.76 | 112.47

ESHW | 025| -0.86| 099 |27.46| 1.01|1595| 055 | 8.26 | 0.89 | 290.62

ESHN 0.32 1.13 | 0.89 | 25.17 | 0.86 | 13.88| 050 | 7.64 | 0.87 | 239.57

ESHR | -035| -0.78| 1.01|18.02| 0.87| 884 | 0.36| 3.48 | 0.77 | 118.61

EBLW | .151| -271| 1.04|1501| 065| 540| 0.10| 0.75| 0.69 | 79.28

EBLN 0.19| 0.27| 0.89|1054 | 0.13| 0.87| -0.20 | -1.29 | 0.52 | 39.27

EBLR 023 | 0.91| 0.87|27.99| -0.13 | -2.46 | -0.32 | -5.48 | 0.89 | 295.24

EBNW | 089 | -1.64| 1.03|1541| 063 | 539 | 0.16| 1.31|0.70 | 82.29

EBNN | 002 | -0.07| 1.16 |32.38| 0.03| 0.53| 0.08| 1.25| 0.91 | 360.96

EBNR | .005| -0.16| 1.09 | 26.52 | -0.08 | -1.08 | -0.09 | -1.23 | 0.87 | 249.19

EBHW | 008 | -0.13| 1.15|16.09| 0.41| 326 | 0.21| 156 | 0.71| 86.35

EBHN 1.31 268 | 101 |16.77| 0.19| 1.76| 0.60 | 5.40 | 0.74 | 101.04

EBHR | 046 | -0.71| 099 | 1240 | 034 | 2.44| 0.68| 4.64| 0.60| 5522

Notes: The letter E indicates Excess Return
Second letter indicates size group: S=Small // B=Big
Third Letter Indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Fourth Letter Indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.
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4.3.3 Regression Results For Fama French Four Factor Model
Fama-French four factor model is employed as ;
Ri(t)-RF(t) =a + B[RM(1)-RF(t)]+sSMB18(t) + hHML18(t) +r RMW18(t) + e(t) (4.6)

where R;(t) is the return on portfolio i=SLW, SLN, SLR, SNW, SNN, SNR,
SHW, SHN, SHR, BLW, BLN, BLR, BNW, BNN, BNR, BHW, BHN, BHR (See
Table 2). RF(t) is the risk free rate and RM(t) is the return on the market
index. SMB18(t) is the difference between average returns of small size
portfolios and big size portfolios, HML18(t) is the difference between average
returns of high B/M portfolios and low B/M portfolios, RMW18(t) is the
difference between the average returns of robust profitability portfolios and
weak profitability portfolios (See equations 3.3, 3.4, and 3.5). e(t) is the error

term in our regression model.

The model has four RHS variables, which reflect the underlying risk factors
which are represented by market excess return, excess return of small size
portfolios over big size portfolios (a proxy for size risk factor), excess return
of high B/M portfolios over low B/M portfolios, and excess return of robust
profitability portfolios over weak profitability portfolios. LHS variables are the
eighteen portfolio excess returns, [Ri(t)-RF(t)], namely, ESLW, ESLN, ESLR,
ESNW, ESNN, ESNR, ESHW, ESHN, ESHR, EBLW, EBLN, EBLR, EBNW,
EBNN, EBNR, EBHW, EBHN, EBHR.

8 of the alphas are negative and only one of the alphas (in the 17™

regression — BHN) is statistically significant.

All of the betas are positive and significant like in all of the former regression

results.

Of note that slope coefficients for SMB18 show an interesting pattern
considering the size of the portfolios. To elaborate, for the 8 of the 9 big size
portfolio excess returns, the s coefficients are statistically insignificant

according to t-statistics. The reverse is true in the case of small size
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portfolios. When four factor model is regressed on small size portfolios, all of
the regression slopes of SMB18 are statistically significant. The same
relation in the previous models and regressions regarding the slope pattern
persists also in this set of regressions. Namely, the slope on SMB18 is
decreasing from small size groups towards big size groups.

The sign of the coefficient of the HML18 factor is negative for seven
regressions. Regarding the insignificance of the coefficients, the same
situation also holds. That is, h’s are insignificant in seven regressions,
whereas they are significant in remaining eleven regressions. To check
whether h has a relation to B/M groups, we should check B/M terciles
keeping size and profitability constant. This comparison of h’s shows us that
in the regressions on high B/M portfolios, we obtain higher h values than on

low B/M portfolios.

In 11 of the regressions, r takes a negative value and the half of estimated r's
are insignificant. To check whether r has a relation to profitability groups, we
should check profitability terciles keeping size and profitability constant. This
comparison shows us that in the regressions on high profitability portfolios,

we obtain higher r values than on low profitability portfolios.

R? values range between 0.55 and 0.91. Since there is a wide spread
between R? values, it can be said that the explanatory power of the model
depends on the returns explained. Thus, to gauge the performance of the
model, calculating the average R”would be a better way. Although this will be
left to the following section, it should be noted that there is almost no

improvement in R? values compared to three factor model.

64



Table 19: Regression Results of Fama French Four Factor Model for Eighteen Size-
B/M-Profitability Portfolios

Model : R(t)-RF(t) = a+B [RM(t)-RF(t)]+sSMB18(t)+hHML18(t)+rRMW18(t)+e(t)

FF 4 Factor Model

Adj

a t(a) B t(B) 5 t(s) h t(h) r t(r) RZJ F-stat
ESLW | -088 | -1.65 | 1.05| 16.20 | 0.75 | 545 | -0.22 | -1.73 | -0.65 | -4.32 | 0.77 | 90.62
ESLN 1.24 | 1.03| 111 766 | 1.48 | 484 | -1.60 | -5.58 | -0.24 | -0.71 | 0.59 | 39.53
ESLR 0.09 | 0.11 | 0.93 956 | 1.32 | 642 | -034 | -1.76 | 0.76 | 3.38 | 055 | 33.51
ESNW | 052 | 0.75| 1.01 | 1219 | 1.30| 7.37 | 057 | 344 | -1.28 | -662 | 0.72 | 71.35
ESNN | -034 | -073 | 1.01 | 1821 | 0.99 | 841 | 030 | 2.73| -0.13 | -1.04 | 0.78 | 97.62
ESNR 065| 129 | 1.04| 17.08| 090 | 6.99 | 035 | 287 | 0.07| 052 | 0.75| 79.63
ESHW | -0.01 | -0.02 | 0.92 | 20.37 | 0.90 | 9.40 | 0.48 | 534 | -0.41 | -3.92 | 0.83 | 133.34
ESHN 047 | 126 | 084 | 1870 | 0.79 | 827 | 038 | 4.23 | -0.21 | -1.98 | 0.79 | 104.55
ESHR | -0.68 | -1.47 | 1.00 | 18.03 | 1.07 | 912 | 044 | 394 | 012 | 093 | 0.77 | 93.05
EBLW | -0.75 | -1.27 | 0.96 | 1345 | 020 | 1.34| -0.27 | -1.91 | -0.52 | -3.13 | 0.67 | 55.70
EBLN 1.04 | 159 | 0.83 | 1046 | -0.42 | -2.49 | -0.60 | -3.83 | -0.47 | -2.55 | 0.58 | 38.31
EBLR 0.17 | 060 | 090 | 26.43 | -0.05 | -0.66 | -0.23 | -3.46 | 0.02 | 0.23 | 0.87 | 188.18
EBNW | 025 | -043 | 095 | 1373 | 024 | 1.64 | 0.02 | 013 | -065 | -4.04 | 0.68 | 58.63
EBNN 0.01| 004 | 115 | 3170 | 0.03 | 043 | 0.08 | 1.07 | -0.06 | -0.69 | 0.91 | 268.22
EBNR | 029 | -0.88 | 1.12 | 28.16 | -0.02 | -0.28 | -0.07 | -0.91 | 0.31 | 3.37 | 0.89 | 207.18
EBHW | 056 | 1.02 | 1.06 | 1595 | 010 | 067 | 019 | 141 | -082| -525| 0.75| 81.16
EBHN 1.31 | 257 | 097 | 1573 | 0.17 | 127 | 0.62| 507 | -0.16 | -1.08 | 0.73 | 73.37
EBHR | 075 | -1.12 | 097 | 11.92 | 026 | 152 | 062 | 3.85| 0.37 | 1.97 | 0.60 | 40.33

Notes: The letter E indicates Excess Return

Second letter indicates size group: S=Small // B=Big

Third Letter Indicates B/M group : L=Low B/M // N=Neutral B/M // H=High B/M

Fourth Letter Indicates profitability group : W=Weak Pr. // N=Neutral Pr. // R=Robust Pr.
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4.4 Conclusion

Firstly, when excess returns of six size-B/M portfolios were regressed on
CAPM, five out of six alphas were found to be statistically insignificant, which
IS a desired result in our case, since it shows that pricing errors are low.
When three factor model was applied, none of the alphas were statistically
significant, which indicates an improvement regarding pricing error. Like in
the case of CAPM, regressions for four factor model also gave only one
statistically significant alpha. Regarding the regressions for CAPM, all of the
slope coefficients of market factor were statistically significant. Three factor
model gave statistically significant 8’s. However, two of the slope coefficients
of SMB6 and one of the slope coefficient of HML6 factor were found to be
insignificant. Four factor model produced statistically significant B8’s. Like in
case of three factor model, in two regressions out of six, the coefficient of
SMB18 factor is insignificant. It should be noted, that for both models,
insignificant coefficients were obtained in regressions on the excess returns
of big size portfolios. Another similarity arises regarding the regression slope
of HML factor. One out of six regressions gave us an insignificant coefficient.
Regarding the coefficients of RMW18 factor, it can be said that only two of
them are statistically significant. R* values for CAPM ranges between 0.42
and 0.96,which indicates a large spread depending on the excess returns
explained. In contrast to CAPM, there is not a large spread in R? values in
case of three factor model, which ranges between 0.87 and 0.96. A similar
situation exists for four factor model, R? values of which range between 0.85
and 0.96.

The second section examined the regression results for eighteen size-B/M-
profitability portfolios. CAPM and the three factor model produces three
significant alphas and fifteen insignificant ones, while four factor model
produced only one insignificant alpha. Thus, in general, the pricing errors
were insignificant. Regarding B’s, the coefficients of market risk factor, all of

the three models produced statistically significant coefficients in all of the
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regressions. Four insignificant and fourteen significant slope coefficients
were obtained examining the t —statistics of s’s for three factor model. Eight
insignificant and ten significant s’s were obtained examining the t-statistics of
four factor model. Here it should be underlined that in regressions on excess
returns of big size portfolios, only one of the slope coefficients was
statistically significant. The regression slopes of HML6 factor in three factor
model, h’s , are significant in ten of the regressions. In case of four factor
model, we obtained eleven significant h’s, which represents the coefficient of
HML18 factor. Skipping to the RMW18 factor, it can be stated that half of the
coefficients were statistically significant. R? values for CAPM ranges
between 0.17 and 0.91,which indicates a considerably large spread. So,
CAPM was not able to explain the average excess returns of some portfolios.
Though smaller than in case of CAPM, there is also a large spread in R?
values in case of three factor model, which ranges between 0.52 and 0.91. A
similar situation exists for four factor model, R? values of which range
between 0.55 and 0.91.
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CHAPTER 5

MODEL PERFORMANCE

5.1. Introduction

In this section, the performance of three models will be compared using three
different statistical indicators. The first one is average adjusted R? values,
which is also called coefficient of determination. This will give an idea about
the explanatory powers of the models. The second one is GRS-F statistics of
Gibbons, Ross, and Shanken (1989), which gives information about whether
the estimated intercepts from the regressions are jointly zero. And the third
statistical value will be mean absolute value of intercept term, which reflects

the pricing error in the model.

5.2. Comparison of the Performances of Three Models

Three models, the performances of which will be compared CAPM, Fama-
French three factor model and Fama-French four factor model. The

regression equations are shown below:
CAPM:
Ri()-RF(t) = a + B [RM(t) - RF(D)] + e(t)
FF 3 Factor Model:
Ri(t) -RF(t) = a + B [RM(t)-RF(t)] + SSMB6(t) + hHML6(t) + e(t)
FF 4 Factor Model:

Ri(t) - RF()= a+ B [RM(t)-RF(t)] + sSMB18(t) + hHML18(t) +
rRMW18(t) + e(t)
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Table 20 shows the dependent variable, model used in the regression,
average R? values, GRS-F statistics and corresponding p-values and mean

absolute value of the intercept terms.

Table 20: Statistics for Comparison of Model Performances

Ave |GRS-| p-

Ne Dependent Variable Model | R? F |value| MAV
CAPM |0.740/1.091 [0.373]0.428
FF 3
1 Excess Return of 6 Factor |0.920|0.545|0.773|0.178
Portfolios FE 4

Factor [0.900(0.820|0.557(0.311
CAPM |0.600(2.413|0.003|0.553

FF 3
5 Excess Return of 18 Factor |0.742(2.280 |0.006 |0.544
Portfolios FE 4

Factor |0.745]1.623|0.071 |0.557

Notes : Regression models are shown below:
CAPM =2 R(t)-RF(t) = a + B [RM()-RF(t)] + e(t)
FF 3 Factor Model 2 R(t)-RF(t) = a + B [RM(t)-RF(t)] + sSSMB6(t) + hHML6(t) + e(t)

FF 4 Factor Model = Ri(t)-RF(t)=a+ B[RM(t)-RF(1)]+sSMB18(t)+hHML 18(t)+ rRMW18(t) + e(t)

Firstly, if the R? values are compared for 6 portfolios, it can be easily said
that, FF three factor model is superior to CAPM. The addition of SMB6 and
HML6 factors to CAPM has caused a considerable improvement in R? value
from 0.74 to 0.92. Thus, this result shows that these two factors together with

market factor explains excess returns well. If we make a comparison
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between three factor model and four factor model, it seems that addition of
the fourth factor does not make a contribution to explanatory power of the
model. In contrary, three factor model can be claimed to be more successful
in explaining the excess returns of six portfolios than four factor model is. The
decline in the value from 0.92 to 0.90 is a proof of this situation. Both of these
results comply with the results of Fama French 1993 and Fama French 2013
papers. In their 1993 paper, they concluded that addition of SMB and HML
factors to the CAPM substantially increased the explanatory power of the
model. The difference is the portfolios they used were 25 portfolios formed
according to size and B/M. And in their 2013 paper, they detected that the
addition of the profitability factor to the three factor model slightly decreased
R? from 0.92 to 0.91 if we consider the results of the models, whose factors

are constructed by 2x3x3 size, B/M and profitability groups.

If we continue examining R? values of the models for explaining excess
returns of 18 portfolios, we can state that none of the models can capture the
variation in excess returns. However, again the addition of size and B/M
factors increases the explanatory power considerably. Although, a large part
of the variation still remains unexplained by three factor model (R*=0.74), a
0.14 is gained compared to CAPM. So we get a similar result for the
performance of the models like in the case of six portfolios. If we compare the
level of the explanatory power of three and four factor models when faced
with 18 portfolios, it is clear that the fourth factor makes a really minor
contribution as 0.003 which can even be neglected. So both three and four

factor models are superior to CAPM based on R?values.

The next statistics which will be used to gauge the performance of three
models is GRS statistic of Gibbons, Ross, and Shanken (1989), which tests
whether the estimated intercepts from the regressions are jointly zero. In
Fama and French’s words:

“If a model completely captures expected returns, the regression
slopes for the model’s factors and the average returns on the
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factors combine to explain the average excess returns on all
assets. In other words, the ideal model’s regression intercepts are
indistinguishable from zero for all left hand side assets.*

To put differently, the null hypothesis Ho: ai = 0 is tested to see whether the
intercept terms are insignificant jointly. GRS values are calculated using the

formula ;

J=

Where T is number of time series observations (108), N is the number of
assets or portfolios (6 and 18 depending on LHS portfolios), k is the number
of the factors in the model (1 -3- 4 in our case). u, is a k-vector of factor
means, Q is a k x k covariance matrix of the factor returns and alphas are
estimated constants obtained from the regressions. The GRS-F values and

corresponding p-values were calculated using excel.

A high GRS value is not desired, since it produces a low p-value and causes
the rejection of null hypothesis. Firstly, if we look at the GRS values of three
models regarding the regressions on six portfolio excess returns, none of the
models is rejected. This result contradicts with Fama and French 1993 and
2013 papers. In their 1993 paper, all of the models used to explain the 25
size-B/M portfolios were rejected strongly based on GRS test. And in their
2013 paper, both three factor and four factor models were rejected again
when confronted with 25 size-B/M and 32 size-B/M-OP portfolios. However,
the addition of the fourth factor decreases the GRS statistics slightly. In our
case, considering the GRS values, we can say that FF three factor model is
obviously superior with a GRS value 0.545 (p-value 0.773) both to CAPM
and FF four factor model. The best model for explaining the excess returns of

six portfolios is FF Three Factor Model according to Table 20.

When we use the excess returns of 18 portfolios as LHS variables, we
encounter with a different result. While CAPM and FF three factor models are

strongly rejected with p-values close to zero, FF four factor model is not
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rejected in 95% confidence interval with a p-value 0.07. Nevertheless, the
GRS and p-value corresponding to that shows that even this model does not
fare well when regression is run on 18 portfolios. Although the other two
models are rejected, we can use GRS values to compare the effectiveness of
the models, since the aim is not to find the perfect model, but the best one in
explaining the expected returns. Since FF three factor produces slightly lower

GRS value, this model can be said to have superiority to CAPM.

According to Fama and French, rejection or not rejection on the GRS test
may be irrelevant for investors, if this is caused by small deviations of
expected returns from model predictions. And they state that their favorite
statistics for evaluating a model for investment purposes are the average
absolute intercepts or mean absolute value of alphas (MAV). Even if a model
is rejected on GRS test, MAV of alphas should be checked to identify the
most successful model. The smaller MAV of alphas for a model, the more
successful it explains average returns. Regarding MAV values, which were
obtained taking the average of estimated alphas for each model, FF three
factor shows its superiority to CAPM and four factor model. And four factor
model fares a better job than CAPM in explaining excess returns if we
compare 0.311 and 0.428.

When we compare the MAV of alphas produced by regressing three models
on the excess returns of 18 portfolios, although three factor model again
outperforms other two models, this time the MAV are very close to each
other. Thus the model performances are almost the same regarding MAV.
The result indicated by MAV also contradicts the conclusion reached in the
light of GRS statistics. While the only model which is not rejected on GRS

test was FF four factor model, it has the highest MAV among three models.

72



5.3. Conclusion

In this chapter, three different statistical measures were used to compare the
performances of three models, namely CAPM, Fama-French three factor
model and Fama-French four factor model.

First statistical measure is average adjusted R? values. These values show
that when faced with the excess returns of six size-B/M portfolios, the most
successful model is Fama-French three factor model as seen in Table 20. In
case of eighteen size-B/M-profitability portfolios, we observe that three and
four factor models produce almost similar R? values. Four factor model fares
slightly better job than three factor model with a difference of 0.003. On the
other hand, it is concluded that CAPM can not explain the excess returns
based on low R? values. Furthermore, the relative explanatory powers of the
models depend on the returns explained. That is, three factor model is better
than four factor model in explaining excess returns of six size-B/M portfolios,
while four factor model fares a better job in case of eighteen size-B/M-

profitability portfolios.

The second statistical measure is GRS-F test. Regarding the regressions on
the excess returns of six size-B/M portfolios, the three factor model again
proves to be the most successful model with the lowest GRS-F value. None
of the models is rejected based GRS-F value. Regarding the regressions on
the excess returns of eighteen size-B/M-profitability portfolios, both CAPM
and three factor model are rejected due to the high GRS-F values. However,
four factor model is not rejected and proves itself to be the most successful

model.

The third statistical measure is mean absolute value of alphas, which is the
most important statistics for evaluating a model for investment purposes
according to Fama and French. MAV of intercept terms show that the best

model is three factor model with the lowest value (see Table 20). This result
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is valid both for the regressions on the excess returns of six size-B/M

portfolios and eighteen size-B/M-profitability portfolios.
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CHAPTER 6

CONCLUSION

The aim of this study is testing the validity of Fama French Four Factor model
in ISE between July 2004 and June 2013, evaluating the effectiveness of
model in explaining variation of expected returns. Not only the performance
of four factor model was evaluated, but also the performances of CAPM and
three factor model were compared to four factor model to determine the most

effective model.

In contrast to the results of Fama and French papers (1993,2013), for the
regressions on the six portfolios formed on 2x3 size-B/M sorts, none of the
models were rejected on GRS test. In spite the fact that, four factor model
was not rejected and performs well in explaining excess returns, three factor
model was apparently superior to four factor model. The same situation also
persisted regarding the measurement of performance based on MAV. The
MAV of alphas showed that four factor model fares a good job in capturing
the patterns in average returns related to size and B/M but not as good as
three factor model. In addition, the R? values, which are the indicators of a
model’s explanatory power leads us to the same conclusion, that three factor
model is superior to both models. To sum up, when faced with the excess
returns of 6 portfolios, three factor model outperforms both CAPM and four
factor model based on three different statistical values. So the four factor
model is not rejected and has high explanatory power, but compared to three
factor model it is less effective. This means that the addition of profitability
factor did not make any contribution in explaining the average excess returns

of six portfolios.
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Considering the GRS statistics obtained for three models which were
regressed on 18 portfolios produced by 2x3x3 size-B/M-profitability sorts, we
can claim that the most successful model is four factor model. This means
that four factor model captures the patterns in average returns related to size,
B/M and profitability better than other two models. CAPM and three factor
model are rejected on GRS. This means that pricing error in these models
are not different than zero and the factors used can not explain the variation
in excess returns. Based on R? values, we reach a similar conclusion.
Although the increase in value is quiet small, skipping from three to four
factor model improves the explanatory power. Thus, the addition of the
profitability factor increases the effectiveness of the model and eliminates the
rejection. Interestingly, when we judge the models on MAV of alphas, which
Is the most important indicator for investors, the outcome changes. The three
factor model seems more effective than four factor model because of the
smaller MAV, which indicates smaller regression intercepts and higher power

to explain excess returns.

To conclude, it can be said that Fama-French four factor model is valid in
ISE, because the model is not rejected on GRS and high R? values with small
MAV of alphas indicate the effectiveness of model. However, three factor
model fares better in explaining the excess returns of six portfolios based on
GRS and fares better in explaining the excess returns of 18 portfolios based
on MAV.
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Table A.1: List of the Stocks Included In the Sample

APPENDIX A

Period

July
2004-
June
2005

July
2005-
June
2006

July
2006-
June
2007

July
2007-
June
2008

July
2008-
June
2009

July
2009-
June
2010

July
2010-
June
2011

July
2011-
June
2012

July
2012-
June
2013

No of
Firms

185

195

204

218

224

230

237

259

264

ADANA

ADANA

ADANA

ADANA

ADANA

ADANA

ADANA

ADANA

ADANA

ADBGR

ADBGR

ADBGR

ADBGR

ADBGR

ADBGR

ADBGR

ADBGR

ADBGR

ADEL

ADEL

ADEL

ADEL

ADEL

ADEL

ADEL

ADEL

ADEL

ADNAC

ADNAC

ADNAC

ADNAC

ADNAC

ADNAC

ADNAC

ADNAC

ADNAC

AEFES

AEFES

AEFES

AEFES

AEFES

AEFES

AEFES

AEFES

AEFES

AFYON

AFMAS

AFMAS

AFMAS

AFMAS

AFMAS

AFMAS

AFMAS

AFMAS

AGYO

AFYON

AFYON

AFYON

AFYON

AFYON

AFYON

AFYON

AFYON

AKBNK

AGYO

AGYO

AGYO

AGYO

AGYO

AGYO

AGYO

AGYO

O 0 N|oO |0~ W(N|F

AKCNS

AKBNK

AKBNK

AKBNK

AKBNK

AKBNK

AKBNK

AKBNK

AKBNK

[EEN
o

AKENR

AKCNS

AKCNS

AKCNS

AKCNS

AKCNS

AKCNS

AKCNS

AKCNS

[EE
=

AKGRT

AKENR

AKENR

AKENR

AKENR

AKENR

AKENR

AKENR

AKENR
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

12 |AKSA |AKGRT |AKGRT |AKGRT |AKGRT |AKGRT |AKGRT |AKFEN |AKFEN
13 |AKSUE |AKSA |AKMGY |AKMGY |AKMGY |AKMGY | AKMGY | AKGRT |AKGRT
14 |ALARK |AKSUE |[AKSA |AKSA |AKSA |AKSA |AKSA |AKMGY |AKMGY
15 |ALCAR |ALARK |AKSUE |AKSUE |AKSUE |AKSUE |AKSUE |AKSA |AKSA
16 |ALCTL |ALCAR |ALARK |ALARK |ALARK |ALARK |ALARK |AKSEN |AKSEN
17 |ALGYO |ALCTL |ALCAR |ALCAR |ALBRK |ALBRK |ALBRK |[AKSUE |AKSUE
18 |ALKA |ALGYO |ALCTL |ALCTL |ALCAR |ALCAR |ALCAR |ALARK |ALARK
19 |ALKIM |ALKA |ALGYO |ALGYO |ALCTL |ALCTL |ALCTL |ALBRK |ALBRK
20 |ALNTF |ALKIM [ALKA |ALKA |ALGYO |ALGYO |ALGYO |ALCAR |[ALCAR
21 |ALTIN |ALNTF [ALKIM |ALKIM |ALKA |ALKA |ALKA |ALCTL |ALCTL
22 |ANACM|ALTIN |[ALNTF |ALNTF [ALKIM |ALKIM |[ALKIM |ALGYO [ALGYO
23 |ANHYT |ANACM ALTIN |ALTIN |[ALNTF |ALNTF |ALNTF |ALKA |ALKA
24 |ANSGR |ANHYT [ALYAG |ALYAG [ALTIN |ALTIN |ALTIN |ALKIM |ALKIM
25 |ARCLK |ANSGR |ANACM |ANACM |[ALYAG |ALYAG |ALYAG |ALNTF |ALNTF
26 |ARENA |ARCLK [ANHYT |ANELT |ANACM|ANACM |ANACM|ALTIN |ALTIN
27 |ARFYO |ARENA [ANSGR |ANHYT |ANELT |ANELT |ANELT |ALYAG |ALYAG
28 |ARSAN |ARFYO |ARCLK |ANSGR [ANHYT |ANHYT |ANHYT | ANACM | ANACM
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

29 |ASELS |[ARSAN |ARENA|ARCLK | ANSGR|ANSGR|ANSGR|ANELE |ANELE
30 |ASUZU ASELS |ARFYO |ARENA|ARCLK |ARCLK |ARCLK |ANELT |ANELT
31 |ATEKS |ASUZU |ARSAN |[ARFYO | ARENA | ARENA |ARENA |ANHYT |ANHYT
32 |ATLAS |ATEKS |ASELS |ARSAN |ARFYO |ARFYO | ARFYO | ANSGR | ANSGR
33 |AYEN |ATLAS |ASUZU |ASELS |ARSAN |ARSAN | ARSAN |ARCLK |ARCLK
34 |AYGAZ |AYEN |ATEKS |[ASUZU |ASELS |ASELS |ASELS |ARENA | ARENA
35 BAGFS |[AYGAZ | ATLAS |ASYAB |ASUZU |ASUZU |ASUZU |ARFYO |ARFYO
36 BAKAB |[BAGFS |AVIVA |ATEKS |ASYAB |ASYAB |ASYAB | ARSAN | ARSAN
37 BANVT |[BAKAB |AYEN |ATLAS |ATEKS |ATEKS |ATEKS |ASELS |ASELS
38 BFREN | BANVT [AYGAZ | AVIVA |ATLAS |ATLAS |ATLAS |ASUZU |ASUZU
39 BJKAS |BFREN |BAGFS |AYEN |AVIVA |AVIVA |AVIVA |ASYAB |ASYAB
40 BOLUC |BJKAS |BAKAB |[AYGAZ |AYEN |AYEN |AYEN |ATEKS |ATEKS
41 BOSSA |BOLUC |BANVT |BAGFS |AYGAZ |AYGAZ |AYGAZ |ATLAS |ATLAS
42 BRISA |BOSSA |BFREN |BAKAB |BAGFS |BAGFS |BAGFS |AVGYO |AVGYO
43 BRSAN |[BRISA |BIMAS |BANVT | BAKAB |BAKAB |BAKAB |AVIVA |AVIVA
44 BRYAT |BRSAN |BJKAS |BFREN | BANVT |BANVT |BANVT |[AYEN |AYEN
45 BSOKE | BRYAT |BOLUC |BIMAS |BFREN |BFREN |BFREN |AYGAZ |AYGAZ
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

46 BTCIM |BSOKE |BOSSA |BJKAS |BIMAS |BIMAS |BIMAS |BAGFS |BAGFS
47 BUCIM |BTCIM |BRISA |BOLUC |BJKAS |BJKAS |BOLUC |BAKAB |BAKAB
48 BURCE |BUCIM |BRSAN |BOSSA |BOLUC |BOLUC |BOSSA |BANVT |BANVT
49 CELHA |BURCE |BRYAT |BOYNR |BOSSA |[BOSSA |BOYNR |BFREN |BFREN
50 CEMTS |BURVA |BSOKE |[BRISA |BOYNR|BOYNR |BRISA |BIMAS |BIMAS
o1 CIMSA |CELHA |BTCIM |[BRSAN |BRISA |BRISA |BRSAN |BOLUC |BMEKS
52 CLEBI |CEMTS |BUCIM |BRYAT |BRSAN |[BRSAN |BRYAT |BOSSA |BOLUC
53 CMBTN |CIMSA |BURCE [BSHEV |BRYAT |BRYAT |BSHEV |BOYNR |BOSSA
54 CMENT |CLEBI |BURVA |[BSOKE |[BSHEV |BSHEV |BSOKE |BRISA |BOYNR
55 DENCM |CMBTN |CELHA |BTCIM |BSOKE |[BSOKE |[BTCIM |BRSAN |BRISA
56 DENTA |CMENT |CEMTS |BUCIM |BTCIM |BTCIM |BUCIM |BRYAT |BRSAN
57 DERIM |DENCM |CIMSA |BURCE |BUCIM |BUCIM |BURCE |BSHEV |BRYAT
58 DEVA |DENTA |CLEBI |BURVA |BURCE |BURCE |BURVA |BSOKE |BSHEV
59 DITAS |DERIM |CMBTN | CARFA |BURVA |[BURVA | CARFA |BTCIM |BSOKE
60 DMSAS |DESA |CMENT |CARFB |CARFA | CARFA |CARFB |BUCIM |BTCIM
61 DNzZYO |DEVA |DENCM |CCOLA |CARFB |CARFB |CCOLA |BURCE |BUCIM
62 DOHOL |DITAS |DENIZ |CELHA |[CCOLA |[CCOLA |CELHA |BURVA |BURCE
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- 2010- 2011- 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

63 DYHOL |DMSAS |DENTA |CEMTS |CELHA |CELHA |CEMTS |CARFA |BURVA
64 DYOBY |DNZYO |DERIM |CIMSA |[CEMTS |CEMTS |[CIMSA |CARFB |CARFA
65 ECBYO |DOHOL |DESA |CLEBI |CIMSA |CIMSA |CLEBI |CCOLA |[CARFB
66 ECILC |DYHOL |DEVA |CMBTN |CLEBI |CLEBI |CMBTN |CELHA |CCOLA
67 ECYAP |DYOBY |DGZTE |CMENT |[CMBTN |[CMBTN |CMENT |CEMTS |CELHA
68 ECZYT |ECBYO |[DITAS |DENCM|CMENT |CMENT [COMDO [CIMSA |CEMTS
69 EDIP ECILC |DMSAS |DENIZ |DENCM|CRDFA |CRDFA |CLEBI |CIMSA
70 EGEEN |[ECYAP |DNZYO [DENTA |DENIZ |DENCM |DENCM [CMBTN |CLEBI
71 EGGUB |ECZYT |[DOAS |DERIM |DENTA |DENIZ |DENIZ |CMENT |[CMBTN
72 EGSER |EDIP DOHOL |DESA |DERIM |DENTA |DENTA |COMDO |CMENT
73 ENKAI |EGEEN |DYHOL |DEVA |DESA |DERIM |DERIM |CRDFA |COMDO
74 ERBOS |[EGGUB |DYOBY |[DGZTE |DEVA |DESA |DESA |DENCM [COSMO
75 EREGL |EGSER |[ECBYO |[DITAS |DGZTE |[DEVA |DEVA |DENIZ |CRDFA
76 ERSU |EMKEL |ECILC |DMSAS |DITAS |DGGYO|DGGYO |DENTA |DENCM
77 ESCOM | ENKAI |ECYAP |[DNZYO |[DMSAS |DGZTE |[DGZTE |DERIM |DENIZ
78 FENIS |ERBOS |[ECZYT |[DOAS |[DNZYO |DITAS |DITAS |DESA |DENTA
79 FFKRL |EREGL |EDIP DOHOL |DOAS |DMSAS |DMSAS |DEVA |DERIM
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Table A.1 (continued)

July July July July July July July July July
Period 2004- 2005- 2006- | 2007- | 2008- | 2009- | 2010- | 2011- 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

80 FINBN |ERSU |EGEEN |[DURDO |[DOHOL |[DNZYO |DNZYO |DGGYO | DESA
81 FMIZP |ESCOM |[EGGUB |[DYHOL |[DURDO |DOAS |DOAS |DGZTE |DEVA
82 FNSYO |FENER |EGSER |DYOBY |DYHOL [DOHOL |DOHOL |DITAS |DGGYO
83 FRIGO |FENIS |EMKEL |[ECBYO |DYOBY |[DURDO |DURDO |DMSAS |DGZTE
84 FROTO |FFKRL |ENKAI |ECILC |ECBYO |[DYHOL |[DYHOL |DNZYO |DITAS
85 FVORI |FINBN |ERBOS |[ECYAP |ECILC |DYOBY |DYOBY |DOAS |DMSAS
86 GARAN |FMIZP |EREGL |ECZYT |ECYAP |[ECBYO |[ECBYO |DOCO |DNZYO
87 GARFA |FNSYO |[ERSU |EDIP ECZYT |ECILC |ECILC |DOHOL |DOAS
88 GENTS |FRIGO |ESCOM | EGCYO |EDIP ECYAP |ECYAP |DURDO |DOHOL
89 GEREL |FROTO |FENER |EGEEN [EGCYO |[ECZYT |ECZYT |DYHOL |DURDO
90 GOLTS |FVORI |FENIS |EGGUB |EGEEN |EDIP EDIP DYOBY |DYHOL
91 GOODY | GARAN |FFKRL |EGSER |EGGUB |EGCYO |EGCYO |[ECBYO |DYOBY
92 GRNYO | GARFA |FINBN |ENKAI |EGSER |EGEEN |EGEEN |ECILC |ECBYO
93 GSDHO |GENTS |FMIZP |ERBOS |ENKAI |EGGUB |EGGUB |ECYAP |ECILC
94 GSRAY |GEREL |FNSYO |EREGL |[ERBOS |EGSER |EGSER |[ECZYT |ECYAP
95 GUBRF |GOLTS |FRIGO |ERSU |EREGL |[EMBYO |[EMBYO |EDIP ECZYT

96 GUSGR |GOODY |FROTO |[ESCOM|ERSU |ENKAI |EMKEL |EGCYO |EDIP
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Table A.1 (continued)

July July July July July July July July July

Period 2004- | 2005- 2006- 2007- 2008- | 2009- | 2010- | 2011- | 2012-
June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

97 HEKTS |GRNYO |FVORI |FENER |[ESCOM | ERBOS |[ENKAI |EGEEN |EGCYO
98 HURGZ | GSDHO | GARAN |FENIS |FENER |EREGL |ERBOS |[EGGUB | EGEEN
99 IDAS GSRAY |GARFA |FFKRL |FENIS |ERSU |EREGL |[EGSER |[EGGUB
100 |IHEVA |GUBRF |GENTS |FINBN |FFKRL |ESCOM|ERSU |EKGYO |EGSER
101 |[IHLAS |GUSGR|GEREL |FMIZP |FINBN |FENER |ESCOM|EMBYO |[EKGYO
102 |[INTEM |HEKTS |GLYHO |FNSYO |FMIZP |FENIS |ETYAT |EMKEL |[EMBYO
103 |ISCTR |HURGZ |GOLTS |FRIGO |FNSYO |FFKRL |FENER |ENKAIl |EMKEL
104 |[ISGYO |IDAS GOODY |FROTO |FRIGO |FINBN |FENIS |ERBOS |ENKAI
105 |[ISYAT |IHEVA |GRNYO |FVORI |FROTO |FMIZP |FFKRL |[EREGL |[ERBOS
106 |IZMDC |IHLAS |GSDHO |GARAN |FVORI |FNSYO |[FINBN |ERSU |EREGL
107 |IZOCM |INDES |GSRAY |GARFA |GARAN |FRIGO |FMIZP |ESCOM |ERSU
108 |KAPLM |INTEM |GUBRF |GDKYO |GARFA |FROTO [FNSYO [ETYAT |[ESCOM
109 |KARSN |ISCTR |GUSGR |GENTS |GDKYO |FVORI |FRIGO |FENER |ETYAT
110 |KARTN |ISFIN HEKTS |GEREL |GENTS |GARAN |FROTO [FENIS |FENER
111 |KCHOL |ISGSY |HURGZ |GLYHO |GEREL |GARFA |[FVORI |FFKRL |FENIS
112 |KENT [ISGYO [IDAS GOLTS |GLYHO |GDKYO |GARAN [FINBN |FFKRL
113 |KIPA ISYAT |IHEVA |GOODY |GOLTS |GENTS |GARFA |FMIZP |FINBN
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- 2008- 2009- 2010- 2011- 2012-

June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
114 |KLMSN |1ZMDC |IHLAS |GRNYO |GOODY |GEREL |GDKYO |FNSYO |FMIZP
115 |KONYA [IZOCM |INDES |GSDHO |GRNYO |GLYHO |GENTS |FRIGO |FNSYO
116 |KORDS |KAPLM |INTEM |GSRAY |GSDHO |GOLTS |GEREL |FROTO |FRIGO
117 |KRDMA |KARSN |ISCTR |GUBRF |[GSRAY |GOODY |GLYHO |FVORI |FROTO
118 |KRDMB |[KARTN |ISFIN |GUSGR |GUBRF |GRNYO |GOLTS |GARAN | GARAN
119 |KRDMD |[KCHOL |ISGSY |HEKTS |[GUSGR |GSDHO |GOODY | GARFA | GARFA
120 |KRSTL |KENT |ISGYO |HURGZ |HALKB |GSRAY |GRNYO |GDKYO |GDKYO
121 |KRTEK [KIPA ISYAT |IDAS HEKTS |GUBRF |GSDHO |GENTS |GENTS
122 |KUTPO |KLMSN |IZMDC |IHEVA |HURGZ |GUSGR |GSRAY |GEREL |GEREL
123 |LINK KONYA |1ZOCM |IHLAS |IDAS HALKB |GUBRF |GLYHO |GLYHO
124 |LOGO |KORDS |[KAPLM |INDES |IHEVA |HEKTS |GUSGR |GOLTS |GOLTS
125 |MAALT |[KRDMA |[KARSN|INTEM |[IHLAS |HURGZ |HALKB |GOODY |GOODY
126 |MERKO |KRDMB |[KARTN |[ISCTR |[INDES |IDAS HEKTS |GRNYO | GOZDE
127 |MIPAZ |KRDMD |[KCHOL |ISFIN INTEM |IHEVA |HURGZ |GSDHO |GRNYO
128 |MNDRS |KRSTL |[KENT |ISGSY [ISCTR |IHLAS |IDAS GSRAY |GSDDE
129 |MRDIN [KRTEK |KIPA ISGYO |ISFIN INDES |IHEVA |GUBRF |GSDHO
130 |MRSHL |[KUTPO |KLMSN |ISYAT [ISGSY |INTEM |IHLAS |GUSGR |GUBRF
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Table A.1 (continued)

July July July July July July July July July
Period 2004- 2005- 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-

June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
131 |MUTLU |LINK KONYA | IZMDC |ISGYO |ISCTR |INDES |[HALKB |GUSGR
132 |NETAS |LOGO |KORDS |I1ZOCM |ISMEN |ISFIN |INTEM |HEKTS |HALKB
133 |NTHOL |[MAALT |[KRDMA |KAPLM |ISYAT |ISGSY |ISCTR |HURGZ | HEKTS
134 |NTTUR |[MERKO |[KRDMB |KAREL |IZMDC |ISGYO |ISFIN |IDAS HURGZ
135 |NUGYO |MIPAZ |KRDMD |KARSN |I1ZOCM |ISMEN |ISGSY [IDGYO |IDAS
136 |NUHCM |MNDRS |[KRSTL |KARTN |KAPLM |ISYAT |ISGYO |IHEVA |[IDGYO
137 |OTKAR |MRDIN |KRTEK |KCHOL |KAREL |[IZMDC |ISMEN |IHGZT |IHEVA
138 |PARSN |MRSHL |[KUTPO |KENT |KARSN |IZOCM |ISYAT |[IHLAS |IHGZT
139 |PENGD |MUTLU |LINK KIPA KARTN | KAPLM [IZMDC |IHYAY |IHLAS
140 |PETKM |NETAS [LOGO |KLMSN |KCHOL |[KAREL |[IZOCM |INDES |IHYAY
141 |PETUN |NTHOL |MAALT |KONYA |[KENT |KARSN |KAPLM |[INTEM |INDES
142 |PIMAS |NTTUR |MERKO |KORDS |KIPA KARTN | KAREL |ISCTR |INTEM
143 |PINSU |NUGYO |[MIPAZ |KRDMA |KLMSN |KCHOL |KARSN |[ISFIN |IPEKE
144 |PNSUT |[NUHCM |MNDRS |KRDMB | KONYA |KENT |KARTN |ISGSY |ISCTR
145 |PRKAB |OTKAR |MRDIN |KRDMD |KORDS |KIPA KCHOL [ISGYO |ISFIN
146 |PTOFS |PARSN |[MRSHL |[KRSTL |KRDMA |KLMSN KENT [ISMEN |ISGSY
147 |RAYSG |PENGD [MUTLU |KRTEK |KRDMB | KONYA | KIPA ISYAT |ISGYO
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- 2007- | 2008- | 2009- 2010- | 2011- | 2012-

June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
148 |SAHOL |PETKM |[NETAS |KUTPO |KRDMD |KORDS |KLMSN |ISYHO |ISMEN
149 |SANKO |PETUN |[NTHOL |LINK KRSTL |KRDMA |KONYA |ITTFH [ISYAT
150 |SARKY |PIMAS |NTTUR |LOGO |KRTEK |KRDMB |[KORDS |IZMDC |ISYHO
151 |SASA |PINSU |NUGYO |MAALT |KUTPO |KRDMD |[KOZAA |IZOCM |ITTFH
152 |SERVE |PNSUT |[NUHCM | MERKO | LINK KRSTL |KRDMA |KAPLM |1ZMDC
153 |SISE PRKAB |OTKAR |MIPAZ |LOGO |KRTEK |KRDMB |[KAREL [1ZOCM
154 |SKBNK |PTOFS |PARSN |MNDRS | MAALT |KUTPO |KRDMD |KARSN |KAPLM
155 |SKPLC |RAYSG |PENGD |[MRDIN |MERKO |LINK KRSTL |KARTN |KAREL
156 |SKTAS |SAHOL [PETKM |MRSHL |[MIPAZ |LOGO |KRTEK |KCHOL |KARSN
157 |SODA |SANKO |PETUN |MUTLU |[MNDRS|MAALT |[KUTPO |KENT |KARTN
158 |TBORG |SARKY |PIMAS |NETAS |MRDIN |MERKO |LINK KIPA KCHOL
159 |TCELL |SASA |[PINSU |NTHOL |MRSHL [MIPAZ |LOGO |KLMSN |KENT
160 |TEBNK |SERVE |PNSUT |[NTTUR |MUTLU | MNDRS |[MAALT |KLNMA |KILER
161 |TEKST |SISE PRKAB |[NUGYO |[NETAS |[MRDIN |MARTI |KONYA |KIPA
162 |TEKTU |SKBNK [PTOFS |NUHCM|NTHOL |MRSHL | MERKO |KORDS |KLMSN
163 |THYAO |SKPLC |[RAYSG |OTKAR |[NTTUR |MUTLU |MGROS |KOZAA |KLNMA
164 |TIRE SKTAS |SAHOL |PARSN |[NUGYO |NETAS |MIPAZ |KOZAL |KONYA
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- 2009- 2010- 2011- 2012-

June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
165 |TOASO |SODA |SANKO |PENGD|NUHCM |NTHOL |[MNDRS |KRDMA |KORDS
166 |TRCAS |TBORG |SARKY |PETKM |[OTKAR |[NTTUR |[MRDIN |KRDMB |KOZAA
167 |TRKCM|TCELL |SASA |PETUN |[PARSN |[NUGYO | MRSHL |KRDMD |KOZAL
168 |TSKB |TEBNK |SERVE |PIMAS |PEGYO |[NUHCM | MUTLU |[KRSTL |KRDMA
169 |TUDDF |TEKST |SISE PINSU |PENGD |OTKAR [NETAS |KRTEK |KRDMB
170 |TUKAS |TEKTU |SKBNK |PNSUT |PETKM |OYAYO [NTHOL |KUTPO |KRDMD
171 |TUPRS |THYAO |SKPLC |PRKAB |PETUN |PARSN |[NTTUR |LATEK |KRSTL
172 |UNYEC |TIRE SKTAS |PTOFS |PIMAS |PEGYO |[NUGYO |LINK KRTEK
173 |USAK |TOASO SODA |RAYSG |PINSU |PENGD |[NUHCM|LOGO |KUTPO
174 |VAKFN | TRCAS |TBORG|RYSAS |PNSUT |PETKM |OTKAR |MAALT |LATEK
175 |VAKKO |TRKCM |TCELL |SAHOL |PRKAB |[PETUN |OYAYO |MARTI |LINK
176 |VESTL |TSKB |TEBNK |SANKO |PTOFS |PIMAS |0OZGYO | MERKO |LOGO
177 |VKGYO |TTRAK |TEKST |SARKY |RAYSG |PINSU |[PARSN |METRO |MAALT
178 |VKING |TUDDF |TEKTU |SASA |RYSAS |PNSUT |PEGYO |[MGROS | MARTI
179 |YATAS |TUKAS |THYAO |SELEC |SAHOL |PRKAB [PENGD |MIPAZ |MERKO
180 |YAZIC |TUPRS |TIRE SERVE | SANKO |PTOFS |PETKM |MNDRS |[METRO
181 |YKBNK |ULKER | TOASO |SISE SARKY |RAYSG |PETUN |[MRDIN |MGROS
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- 2012-

June June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
182 |YKGYO|UNYEC | TRCAS |SKBNK |SASA |RYSAS |PIMAS |MRGYO | MIPAZ
183 |YKSGR |USAK |TRKCM|SKPLC |SELEC |SAHOL [PINSU |MRSHL |MNDRS
184 |YUNSA |VAKFN |TSKB |SKTAS |SERVE | SANKO |PKART |MUTLU | MRDIN
185 |ZOREN |[VAKKO |[TSPOR |SODA |SISE SARKY |PNSUT |NETAS |MRGYO
186 VESTL |[TTRAK |TBORG |SKBNK |SASA |PRKAB |NTHOL |MRSHL
187 VKGYO | TUDDF |TCELL |SKPLC |SELEC |PTOFS |[NTTUR [MUTLU
188 VKING |TUKAS |TEBNK |SKTAS |SERVE |RAYSG |NUGYO [NETAS
189 YATAS |TUPRS |TEKST |SODA |SISE RYSAS | NUHCM [NTHOL
190 YAZIC |ULKER |TEKTU |TAVHL |SKBNK |SAHOL |[OTKAR |NTTUR
191 YKBNK |UNYEC | THYAO | TBORG | SKPLC |SANKO |OYAYO |NUGYO
192 YKGYO |[USAK |TIRE TCELL |SKTAS |SARKY |OZGYO |[NUHCM
193 YKSGR |VAKFN | TOASO | TEBNK |SNGYO |SASA |PARSN |OTKAR
194 YUNSA |VAKKO | TRCAS | TEKST |SODA |SELEC |[PEGYO |OYAYO
195 ZOREN |VESTL |TRKCM |TEKTU |TAVHL |SERVE |PENGD |OZGYO
196 VKGYO |TSKB |THYAO | TBORG |SISE PETKM |PARSN
197 VKING |TSPOR |TIRE TCELL |SKBNK |PETUN |PEGYO
198 YATAS |[TTRAK |TKFEN |[TEBNK |SKPLC |[PIMAS |PENGD
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-

June | June June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
199 YAZIC |TUDDF |TOASO | TEKST |SKTAS |PINSU |PETKM
200 YKBNK | TUKAS | TRCAS | TEKTU |SNGYO | PKART |PETUN
201 YKGYO | TUPRS | TRKCM | THYAO |SODA |PNSUT |PIMAS
202 YKSGR [ULKER |[TSKB |TIRE TAVHL |PRKAB [PINSU
203 YUNSA |[UNYEC | TSPOR | TKFEN | TBORG |PTOFS |PKART
204 ZOREN |USAK |TTRAK |TOASO |TCELL |RAYSG |PNSUT
205 VAKBN | TUDDF | TRCAS | TEBNK |RHEAG | PRKAB
206 VAKFN | TUKAS |TRKCM | TEKST |RYGYO | PRKME
207 VAKKO | TUPRS [TSKB |TEKTU |RYSAS |PTOFS
208 VESBE |ULKER |TSPOR | THYAO | SAHOL |RAYSG
209 VESTL |UNYEC | TTKOM | TIRE SANKO | RHEAG
210 VKGYO |[USAK |[TTRAK |TKFEN |SARKY |RYGYO
211 VKING |VAKBN |TUDDF | TOASO |SASA |RYSAS
212 YATAS |VAKFN | TUKAS | TRCAS |SELEC |SAFGY
213 YAZIC |VAKKO | TUPRS |TRKCM | SERVE | SAHOL
214 YKBNK |VESBE |ULKER |TSKB |SISE SANKO
215 YKGYO |VESTL |UNYEC | TSPOR | SKBNK | SARKY
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-

June | June | June June June June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
216 YKSGR | VKGYO |[USAK | TTKOM |SKPLC |SASA
217 YUNSA | VKING |VAKBN [TTRAK |SKTAS |SELEC
218 ZOREN | YATAS |VAKFN | TUDDF |SNGYO | SERVE
219 YAZIC |VAKKO |TUKAS |SODA |SISE
220 YKBNK |VESBE | TUPRS | TAVHL |SKBNK
221 YKGYO |VESTL |ULKER |TBORG |SKPLC
222 YKSGR |VKGYO |UNYEC | TCELL |SKTAS
223 YUNSA |VKING |USAK |TEBNK [SNGYO
224 ZOREN | YATAS |VAKBN | TEKST |SODA
225 YAZIC |VAKFN |TEKTU | TAVHL
226 YKBNK [VAKKO [ THYAO | TBORG
227 YKGYO |VESBE | TIRE TCELL
228 YKSGR |VESTL |TKFEN | TEBNK
229 YUNSA |VKGYO | TOASO | TEKST
230 ZOREN |VKING |TRCAS | TEKTU
231 YATAS |TRGYO | THYAO
232 YAZIC |TRKCM |TIRE
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Table A.1 (continued)

July July July July July July July July July

Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-
June | June | June | June | June | June June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013

233 YKBNK [TSGYO | TKFEN
234 YKGYO |TSKB |TOASO
235 YKSGR | TSPOR | TRCAS
236 YUNSA | TTKOM | TRGYO
237 ZOREN | TTRAK | TRKCM
238 TUDDF | TSGYO
239 TUKAS | TSKB
240 TUPRS | TSPOR
241 ULKER | TTKOM
242 UNYEC | TTRAK
243 USAK |TUDDF
244 UYUM | TUKAS
245 VAKBN | TUPRS
246 VAKFN | ULKER
247 VAKKO |[UNYEC
248 VESBE | USAK
249 VESTL |UYUM
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Table A.1 (continued)

July July July July July July July July July
Period 2004- | 2005- | 2006- | 2007- | 2008- | 2009- | 2010- | 2011- | 2012-

June | June | June | June | June | June | June June June

2005 2006 2007 2008 2009 2010 2011 2012 2013
250 VKGYO | VAKBN
251 VKING |[VAKFN
252 YATAS |VAKKO
253 YAZIC |VESBE
254 YKBNK |VESTL
255 YKBYO |VKGYO
256 YKGYO | VKING
257 YKSGR | YATAS
258 YUNSA | YAZIC
259 ZOREN |YGYO
260 YKBNK
261 YKBYO
262 YKGYO
263 YKSGR
264 YUNSA




APPENDIX B

TURKISH SUMMARY

BOLUM 1

GIRIS

Varlik fiyatlandirma her daim modern finansal ekonominin ana alanlarindan
biri olagelmistir. Sharpe (1964), Lintner (1965) ve Black(1972) tarafindan
ortaya konulan Sermaye Varliklari Fiyatlama Modeli (CAPM) finansal
ekonominin bu alaninda buyidk yanki uyandirmis ve basari yakalamistir. Bu
modelin, performans degerlendirme, sermaye maliyeti hesaplama, portfoy
secme ve normal Ustu getirilerin OlgUlmesi i¢in kullanilabiliyor olmasi modelin
yaygin kullanimini ve populerligini etkileyen faktorlerdendir. Yaygin kullanim
alanina ragmen, SVFM ortalama getirilerin risksiz faiz oranini asan getirilerini
aciklamada yetersiz kaldigi yonunde ciddi elestirilere maruz kalmistir. Fama
ve French (1992,1993,1996) hem firma buyukligli hem de DD/PD ile hisse
senetlerinin beklenen getirileri arasinda bir iliski mevcut oldugunu gostererek,
u¢ faktor modelinin temelini atmislardir. SVFM’ye iki adet daha aciklayici
faktor eklemislerdir. Ancak, kendi olusturmus olduklari modele karsi yapiimis
olan en etkili elestirilerden biri yine Fama ve French tarafindan yapilmigtir.
2013 yiinda yaptiklari ¢alismada, ortalama getiri ile firma karhligi arasinda
olmasi muhtemel iligkiden yola ¢ikarak U¢ faktér modeline, karliligi yansitan
doérdinciu bir faktér ekleyerek Fama-French Doért Faktér Modelini

olusturmuglardir.
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Bu tezin ana amaci, Temmuz 2004-Haziran 2013 arasi donemde, Fama-
French Doért Faktér Modelinin Borsa istanbul’da gecerliligini test etmektir. Bu
amac cercevesinde, calisma su sekilde diizenlenmistir: ikinci bélim, dort
faktorli modelin teorik cergevesini ve geligsimini O6zetleyecektir. Bolumuin
devaminda literatiirdeki 6nemli calismalara deginilecektir. Uglincl bélim, veri
ve yontem hakkinda bilgi verdikten sonra portfoy ve faktorlerin olusturuima
yontemleri ile devam edecektir. Bu bolumun son kisminda ise bagiml ve
bagimsiz degiskenlerin tanimlayici istatistikleri verilecektir. Dorduncu
bélimde ise SVFM, Ug Faktér Modeli ve Dért Faktdr Modelinin iki farkli
portfdy seti Uzerine uygulanmasi sonucu elde edilen regresyon sonuglari
ortaya koyulacaktir. Besinci bolimde, test ettigimiz Gi¢ modelin performanslari
Olcllecek ve kiyaslanacaktir. Son bolim ise bulgular 6zetleyerek isaret ettigi

sonuglari ortaya koyaktir.
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BOLUM 2

LITERATUR TARAMASI

2.1 Girig

Bu bdlimde, Fama-French Doért Faktor Modelinin teorik temelleri ve geligimi
aktarilacaktir. ilk kisimda, modelin gelisimi SVFM den baslayarak
anlatilacaktir. Devam eden kisimda, SVFM ve Fama-French modelleri
Uzerine yurtdisi piyasalarda yapilmis olan c¢alismalardan bahsedilecektir.
Sonraki kisimda ise Turkiye'de yapiimis olan bazi 6nemli calismalar

Ozetlenecektir.

2.2 Fama-French Modelleri

1950’lerden beri finansal ekonominin temel amaclarindan biri risk ve getiri
arasindaki iligkinin acgiklanmasi olmustur. 1952 yilinda, Markowitz UnlU
Ortalama-Varyans modelini olusturdugundan beri, bu model Gizerine pek ¢ok
model inga edilmigtir. Sharpe, Lintner ve Black tarafindan olusturulmus olan

Sermaye Varliklari Fiyatlama modeli de bu modellerden biridir.

William Sharpe (1964) hisse senetlerinin ortalama getirileri ile standart
sapma arasinda bir iliski kurarak, dengede beklenen getiri ile standart sapma
arasinda basit dogrusal bir iliski oldugunu 6ne surmustir. Bu iligki B ile tarif
edilmekte olup, sistematik riski yansitmaktadir. Bir varligin riskinin, piyasa
riskiyle olan iligkisini yansitmaktadir. Diger bir deyisle, beta bir varligin piyasa
hareketlerine verdigi tepkinin bir dlgutudir. SVFM asagidaki denklemle ifade
edilir;

E(Ri) = Rf + B; [E(RM) — Rf]
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Yukaridaki denklemde E(Ri)i varliginin ya da portféyinin beklenen

getirisini, Rf risksiz faiz oranini, E(RM) ise piyasa portfdyinin beklen

cov (Ri . RM)

getirisini gostermektedir. 5, ( var(RM) ), beta, i varliginin ya da portfoyinin

sistematik riskini temsil etmektedir. Denklemden de gorulecegi uzere,
ortalama getiri ve risk arasinda dogrusal bir iligki mevcuttur. Ayni zamanda,
model bir varhdin risksiz faiz oranini asan beklenen getirisinin, piyasa risk

faktoru ile aciklanabilegini 6ne sirmektedir.

Hem akademik alanda hem de is dunyasindaki yaygin kullanimina ragmen
SVFM pek c¢ok kisi tarafindan ortalama fazla getirileri agiklamada yetersiz
kaldigina dair elestiriimigtir. Banz (1981) firma buyUkliginin de ortalama
getirileri aciklamada beta'ya katkida bulundugunu saptamistir.  Ampirik
calismalari sonucunda, firma buyUkligu ve ortalama getiri arasinda negatif
bir iligki bulundugunu saptamistir. Stattman (1980), Rosenberg, Reid ve
Lanstein (1985) ABD hisse senedi piyasasinda ortalama getiri ile DD/PD
arasinda pozitif bir iliski bulundugunu géstermiglerdir. Ball (1978) kazanc/fiyat
oraninin  regresyonlarda SVFM tarafindan agiklanamayan kismin
aciklanmasinda katki sagladigini gostermistir. Bu fikirden hareketle Fama ve
French (1992) 3, firma buyuklugu, kazanc/fiyat, kaldira¢ orani ve DD/PD nin
NYSE, AMEX, ve NASDAQ da islem goéren hisse senetlerinin ortalama
getirilerini agiklamadaki rolunu arastirmiglardir. Arastirma sonuglarina gore
kolayca olgulebilen iki degigkenin, firma buyuklugu ve DD/PD oraninin,
capraz kesit regresyonlarinda ortalama getirilerin acgiklanmasina katkida
bulundugu tespit edilmistir. 1993 yilinda yayinladiklari “Tahvil ve Hisse
Senedi Getirilerindeki Ortak Risk Faktorleri’ isimli galismalarinda zaman
serisi analiz yontemini kullanarak belli portfoylerin fazla getirilerini agiklamak
icin Fama-French Ug Faktdér Modelini uygulamislardir. Bu galisma, firma
blayukligu ve DD/PD risk faktorlerini temsil etmek tzere olusturulan SMB ve
HML faktorlerini ilk defa ortaya koyduklari ¢calisma olmasi agisindan énem
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tasimaktadir. Sonug¢ olarak uc¢ faktorli modelin SVFM’'den daha basarili
oldugu ampirik olarak kanitlanmigtir. 2013 yilinda yaptiklari ¢aligmada ise,
Novy-Marx'in ortalama getiri ile karlihk arasindaki iligkiyi gosteren
calismasindan yola ¢ikarak, kendi kurmus olduklari Ug¢ faktorli modele,

karhlik risk faktorinu yansitan dérduncu bir degigken eklemislerdir.

2.3 Uluslararasi Piyasalarda Fama-French Modelleri Uzerine Yapilan

Calismalar

Fama ve French (1998) 1975-1995 yillari arasinda onug gelismis Ulke ve
onalti gelismekte olan Ulke piyasasinda yaptiklari arastirma sonucu, gelismis
ulkelerin onikisinde ve gelismekte olan Ulkelerin tUmunde ortalama getiri ile

DD/PD arasinda pozitif bir iliski saptamistir.

Ajili (2002) 1976-2001 vyillan icin Fransiz borsasindaki hisse senetlerinin
getirilerindeki degiskenligin SVFM’ye kiyasla Ug¢ factor modeli tarafindan
daha iyi aciklanabildigini gostermistir.

Drew ve Veeraraghavan (2002) Malezya Borsasi’nda islem goéren hisse
senetlerinin getirilerinde firma bayUklGgu ve deger primlerinin varhgini
saptamis ve ug¢ faktorli modelin agiklayici gicunin SVFM den daha fazla

oldugunu gostermiglerdir.

Drew, Naughton ve Veeraraghavan (2003) Sangay borsasinda islem goéren
hisse senetlerinde ortalama getiri ile hem firma buyuklugu hem de DD/PD
arasinda negatif bir iliski bulundugu sonucuna varmigtir. Ayni zamanda U¢
faktorli modelin SVFM’ye gore daha Ustin bir performans sergiledigi

kanitlanmisgtir.

Charitou ve Constantinidis (2004) 1992-2001 vyillari arasinda Japon
borsasinda iglem goren hisse senetlerinin risksiz faiz oranini asan getirilerini
aciklamada Fama-French Ug Faktor Modelinin  basarili  oldugunu

gOstermiglerdir.
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Djajadikerta ve Nartea (2005) Yeni Zelanda borsasinda islem goren hisse
senetlerinin ortalama getirilerinde zayif bir DD/PD ve gugli bir firma
blyUkligu etkisi saptamislardir. SVFM ve (¢ faktorli modelin agiklayici

gugleri arasinda 6nemli bir fark saptanmamistir.

Al-Mwalla ve Karasneh (2011) Amman borsasinda yaptiklari calismada
ortalama getiri ile firma bluyUklugu arasinda negatif, ortalama getiri ile DD/PD
arasinda pozitif bir iligki tespit etmis olup, uU¢ faktorli modelin SVFM’ye

nazaran daha basaril oldugunu gostermiglerdir.

O’Brien, Brailsford ve Gaunt (2012) yapmis olduklari ¢alismada,lg¢ faktorll
modelin SVFM’ye kiyasla 1982-2006 yillari arasinda Avustralya borsasindaki
hisse senetlerinin ortalama getirilerindeki degiskenligin agiklanmasinda daha

basarili oldugu sonucuna varmisglardir.

2.3 Tiirkiye’de Fama-French Modelleri Uzerine Yapilan Galismalar

Erismis (2007) IMKB’de iglem goren hisse senetlerinin 1992-2005 yillari
arasindaki ortalama getirileri ile firma buyUkligu ve DD/PD arasinda iliski
bulundugunu ve Uc¢ faktérli modelin agiklayici gicinin SVFM’ne kiyasla

daha yuksek oldugunu gostermigtir.

Gokgoz (2008) yaptigr calismada bes farkli IMKB endeksini bagimli degisken
olarak kullanarak g faktorli modelin gecerliligini test etmistir. Ylksek R-kare
degerlerine ragmen, model GRS-F istatistigi sonuglarina gore gecersiz

Kilinmigtir.

Unlu (2012) IMKB’de yer alan hisse senetlerinin getirilerini kullanarak 1992-
2011 yillar arasini kapsayan galismasinda Fama-French Ug Faktdor Modeli,
Carhart Dort Faktor Modeli ve Pastor ve Stambough Bes Faktor Modelinin
performanslarini kiyaslamistir. Calisma sonucunda bes faktoérli modelin her
iki modele,l¢ faktorli modelin ise dort faktorli modele karsi Ustiin oldugu

gOsterilmigtir.
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Dibo (2012) ug¢ faktorli model ve SVFM'nin performanslarini kiyasladigi
calismasinda, 2004-2010 vyillari arasinda IMKB'de islem gbéren hisse
senetlerinin ortalama getirilerinin risksiz faiz oranini asan getirilerini

acgliklamada Ug faktorli modelin daha Ustin oldugu sonucuna ulagmisgtir.
2.4 Sonug

Tarkiye’de ve uluslararasi alanda SVFM ve Fama-French Modelleri Uzerine
yapilan c¢alismalar g6z o6nunde bulunduruldugunda, calismalarin gogunda
ortalama getiri ile firma bluyUklugu arasinda negatif, ortalama getiri ile DD/PD
arasinda pozitif bir iliskinin varhdinin saptandigi gorulmektedir. Ayrica (g
faktorli modelin neredeyse tum c¢alismalarda SVFM’ne nazaran daha iyi

performans gosterdigi one surulebilir.
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BOLUM 3

VERI, YONTEM VE TANIMLAYICI iISTATISTIKLER

3.1 Veri ve YOontem

3.1.1 Veri

Istanbul Menkul Kiymetler Borsasi 26 Aralik 1986 tarihinde kurulmus olup 3
Nisan 2013 tarihinde Istanbul Altin Borsasi ve Tirev Piyasasi ile
birlestirilerek BIST adini almistir. 1987 yihinin basinda 80 olan firma sayisi
2014 yih itibariyla 405’e ulasmistir. 2014 yili basinda BIST'de islem gdren

firmalarin toplam piyasa degeri 503 milyar TL civarindadir.

Tezde kullanilan 6rneklem Temmuz 2004-Haziran 2013 tarihleri arasinda
BIST-TUM endeksinde yer alan firmalari icermektedir. Negatif 6zkaynaga
sabit olan firmalar, gézalti pazari ve ikinci ulusal pazar, gelisen igletmeler
piyasasinda iglem goéren firmalar érnekleme dahil edilmemigtir. Ayrica piyasa
kapitilizasyonu, DD/PD ve net kar verilerine ulasilamayan firmalar da

orneklem disinda tutulmustur.

Risksiz faiz orani olarak Devlet ic Borglanma Senetleri Piyasa Degeri
Agirlikli Kisa Vadeli Endeksi (PDA180-) kullaniimistir.

DD/PD ve net kar/6zkaynak oranlari BIST degerleme oranlari tablolarindan

elde edilmistir.

Firmalarin piyasa degeri ve BIST-TUM endeksinin getirileri endeks verileri

tablolarindan alinmigtir.
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3.1.2 Portfoy Olusturmada Kullanilan Yontem

Bu c¢alismada kullanilacak olan ilk portfoy seti firma buyuklugu-DD/PD
oranina gore olusturulmus olan 6 portféydur. Bu portfoylerin olustutulmasinda

Fama ve French’in yontemi kullaniimigtir.

Her t yillinin Haziran ayr sonunda, Orneklemdeki firmalar piyasa
kapitilizasyonlarina kugiukten buyuge siralanir. Medyan degerin Uzerinde
kalanlar blUyuk firma deg@eri olanlari, altinda olanlar ise kiglk firma degeri

olan grubu temsil eder.

Yine her t yilinin Haziran ay1 sonunda, firmalarin t-1 yili sonundaki DD/PD ne
gbre orneklemdeki firmalar yiksekten disige dogru siralanir. En ylksek
PD/DD oranina sahip olan %30 ilk grubu, onu takip eden %40 orta grubu, en
dusuk %30 ise dusuk grubu temsil eder.

Yukarida bahsi gegen portfoylerin kesisimi ise 6 adet firma buyUkligu-DD/PD

portféylnu olusturur.

ikinci portfoy seti ise  firma biyUkligi-DD/PD-karlilik oranina gore

olusturulmus olan 18 portféydur.

Yukaridaki iglemler tekrarlandiktan sonra, her t yilinin Haziran ayinda,
firmalar, t-1 yilinin sonundaki net kar/6zsermaye oranina goére buyulkten
kiguge siralanir. Karlilik/6zsermaye orani en yuksek olan %30 luk kisim
yuksek karlilik portfoylne, onu takip eden %40lik kisim orta karlilik
portfoylne, geri kalan %30luk kisim ise dusuk karlilik portféyine dahil edilir.
Bu 3 portfoytin 6 adet firma buyukligu-DD/PD portfoyu ile kesisimi sonucu 18
portfoy elde edilir
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3.1.3 Faktorlerin Olusturmasinda Kullanilan Yontem

SMB6 faktorinin getirileri, firma bUyukIigu olarak klguk grupta yer alan lg
portfoyln ortalama getirisi ile blyuk grupta yer alan G¢ portfdyin ortalama

getirileri arasindaki fark hesaplanarak elde edilir.

HML6 faktorinin getirileri, DD/PD ylksek olan hisse senetlerini iceren iki
portfoyun ortalama getirisi ile  DD/PD dusuk olan hisse senetlerini igceren iki

portfoyln ortalama getiri arasindaki fark hesaplanarak elde edilir.

SMB18 faktérinin getirileri, firma bUyukligu olarak kiguk grupta yer alan
dokuz portfoyln ortalama getirisi ile buylk grupta yer alan dokuz portfoyin

ortalama getirileri arasindaki fark hesaplanarak elde edilir.

HML18 faktorinun getirileri, DD/PD yuksek olan hisse senetlerini iceren alti
portfdyln ortalama getirisi ile DD/PD dusUk olan hisse senetlerini iceren alti

portféyln ortalama getiri arasindaki fark hesaplanarak elde edilir.

RMW18 faktorunun getirileri, karhligi yiksek olan hisse senetlerini iceren alt
portfdyln ortalama getirisinden karhligi dusik olan hisse senetlerini iceren

alti portféyln ortalama getirisinigikararak bulunur.

3.2 Tanimlayici istatistikler

3.2.1 Portfdylerin Getirilerinin Tanimlayici istatistikleri

Temmuz 2004-Haziran 2013 arasindaki 108 aylik ddnemde, firma buyuklugu-
DD/PD oranina gore olusturulmus olan alti adet portfdyln ortalama getirileri
incelendiginde, dusuk ve orta DD/PD oranina sahip hisse senetlerini igeren
portfdylerde, firma buyUkligu etkisinin negatif oldugu tespit edilmistir. DD/PD
orani yuksek olan kagitlari iceren iki portfdy kiyaslandijinda ise firma
blydkligu ile ortalama getiri arasinda pozitif bir iligki gézlenmigtir. Firma
blayUkligu gruplari sabit tutularak DD/PD oraninin etkisi incelendiginde,
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piyasa degeri kuguk firmalarin hisse senetlerini igeren portfoylerin ortalama
getirisiyle DD/PD arasinda herhangi bir iliski bulunamamistir. Ancak piyasa
degeri buylk hisse senetlerini iceren portfdylerin ortalama getirisi ile DD/PD

arasinda beklendigi gibi pozitif bir iliski saptanmigtir.

Firma buUyuklGgu-DD/PD-karlihk dlgltlerine goére olusturulmus onsekiz
portfdyln ortalama getirileri incelendiginde, firma blyUkligu ile negatif bir
iliski bulundugu goérulmektedir. Diger bir deyisle, piyasa degeri kiiguk hisse
senetlerini igeren portfoylerin ortalama getirisi, karlilik ve DD/PD gruplar
sabit tutuldugu takdirde, piyasa degeri buyUk hisse senetlerini igceren
portfdylere goére daha yuksektir. DD/PD etkisi, kiglk piyasa degeri olan
sirketleri iceren portfoyler icin saptanamazken, piyasa degeri buyuk sirketleri
iceren portfoylerde saptanmistir. S6z konusu durumda deger priminin
varligindan soz edilebilir. Karlilik ile ortalama getiri arasinda ise net bir iligki

tespit edilememisgtir.

3.2.2 Faktor Getirilerinin Tanimlayici istatistikleri

CAPM, Fama-French Ug¢ Faktér Modeli ve Fama-French Dért Faktor
Modelinde  kullanilan  acgiklayici  degiskenlerin  ortalama  getirileri

kiyaslandiginda asagidaki sonug ortaya ¢ikmaktadir.

Rm-Rf > HML18 > HML6 > RMW18 > SMB18 > SMB6
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BOLUM 4

SVFM VE FAMA-FRENCH MODELLERININ REGRESYON
SONUGLARI

4.1 Girig

Bu bolumde, firma buylklGgu-DD/PD oranina goére olusturulmus alti
portfdyin ve firma buyuklGgu-DD/PD-karlilik oranina goére olusturulmus
onsekiz portféyln risksiz faiz oranini asan aylik getirilerinin bagiml degisken
olarak kullanildigi zaman serisi regresyonlarinin sonuglari aktarilacaktir.
Regresyonlarda SVFM, Fama-French Ug Faktér Modeli ve Fama-French
Dort Faktor Modeli kullaniimistir.

4.2 Firma Buyukliigli-DD/PD Portfoylerinin Regresyon Sonuglari

Firma buyudkligu-DD/PD oranina goére olusturulmus alti portféyln risksiz faiz
oranini asan aylik getirilerinin SVFM kullanilarak agiklanip agiklanamadigini

gOrmek igin asagidaki zaman serisi regresyonu gercgeklestirilmigtir.
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + e(t)

Regresyonlar sonucunda elde edilen t-deferleri g6z 6nlinde
bulunduruldugunda, alti regresyondan bes tanesinde a kesisim katsayilarinin
istatistiki olarak anlaml olmadigi tespit edilmigtir. Piyasa risk faktorinun egim
katsayisi olan 3 ise tum regresyonlarda istatistiki olarak anlamli bulunmustur.
Duzeltimis R-kare degerieri ise 042 ve 0.96 arasinda degsim
gOstermektedir.

Firma buyukligu-DD/PD oranina gore olusturulmus alti portfoyun risksiz faiz

oranini asan aylik getirilerinin Fama-French Ug Faktér Modeli kullanilarak
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aciklanip aciklanamadigini test etmek igin asagidaki zaman serisi

regresyonu gerceklestirilmigtir.
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + sSMB6(t) + hHMLG6(t) + e(t)

Kesisim katsayilarinin ya da fiyatlandirma hatalarinin higbirinin istatistiksel
olarak anlamli olmadigi tespit edilmistir. Tahmin edilen B katsayilarinin timu
istatistiksel olarak anlamli bulunmugtur. SMB6 faktorunin katsayisi olan s
ise, alti regresyonun dordunde istatistiksel olarak anlamli bulunmustur. HML6
faktorinin katsayisi yalnizca bir regresyonda anlamh bulunmamistir.
Duzeltilmis R-kare degerleri 0.87 ve 0.96 arasinda degismekte olup modelin

aciklayici gucunun oldukga yuksek olduguna isaret etmektedir.

Firma buyudkligu-DD/PD oranina goére olusturulmus alti portféyln risksiz faiz
oranini asan aylik getirilerinin Fama-French Dort Faktor Modeli kullanilarak
aciklanip aciklanamadigini test etmek igin asagidaki zaman serisi

regresyonu gergeklestirilmistir.
Ri(t)-RF(t) =a + B[RM(t)-RF(t)]+sSMB18(t) + hHML18(t) +rRMW18(t) + e(t)

a katsayilarinin higbirinin istatistiksel olarak anlamli olmadigi tespit edilmigtir.
Bunun yaninda tim B katsayilari istatistiksel olarak anlamhlidir. SMB18
faktorunun katsayisi olan s ise alti regresyondan ikisinde istatistiki olarak
anlamli bulunmamigtir. h katsayisi ise alti regresyondan besinde istatistiksel
olarak anlaml bulunmustur. Karlilik faktériind yansitan RMW18 faktérinin
egim katsayisi olan r, alti regresyondan birinde istatistiksel olarak anlamli
bulunmamistir. Regresyon sonuglarina gore duzeltiimis R-kare degerleri 0.84
ve 0.96 arasinda degismekte olup modelin aciklayici glcunudn ylksek

oldugunu gostermektedir.

4.3 Firma Biyukliugu-DD/PD-Karhhk Portfoylerinin Regresyon Sonuglari

Firma blyUklugu-DD/PD-karlilik oranina gore olusturulmus onsekiz portfoylin

risksiz faiz oranini asan aylik getirilerinin SVFM kullanilarak agiklanip
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aglklanamadigini goérmek igin asagidaki zaman serisi regresyonu

gergeklestiriimistir.
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + e(t)

Regresyonlar sonucunda elde edilen t-dederleri g6z &6nlinde
bulunduruldugunda, onsekiz regresyondan onbes tanesinde a kesisim
katsayilarinin istatistiki olarak anlamh olmadigi tespit edilmigtir. Piyasa risk
faktorunin egim katsayisi olan (3 ise tum regresyonlarda istatistiki olarak
anlamh bulunmustur. Duzeltilmis R-kare degerieri ise 0.17 ve 0.91 arasinda
degsim gostermekte olup modele baska faktorlerin eklenmesi gerektigine

isaret etmektedir.

Firma blyuklugu-DD/PD-karlilik oranina gore olusturulmus onsekiz portféyln
risksiz faiz oranini asan aylik getirilerinin Fama-French Ug¢ Faktdor Modeli
kullanilarak agiklanip acgiklanamadigini test etmek igin asagidaki zaman

serisi regresyonu gergeklestirilmistir.
Ri(t)-RF(t) = a + B [RM(t)-RF(t)] + sSSMB6(t) + hHMLG6(t) + e(t)

Kesisim katsayilarinin ya da fiyatlandirma hatalarinin onbes tanesinin
istatistiksel olarak anlamh olmadi§i tespit edilmistir. Tahmin edilen B
katsayilarinin tumau istatistiksel olarak anlamli bulunmustur. SMB6 faktorinin
katsayisi olan s ise, onsekiz regresyonun ondoérdinde istatistiksel olarak
anlamli bulunmustur. HML6 faktorinin katsayisi ise regresyonlarin on
tanesinde istatistiksel olarak anlamli bulunmustur. Duzeltiimis R-kare
degerleri 0.52 ve 0.91 arasinda degismekte olup modelin agiklayici glicunin

getirileri agiklanan portfoye bagh oldugunu gostermektedir.

Firma blyukligu-DD/PD-karlilik oranina gore olusturulmus onsekiz portféyln
risksiz faiz oranini agsan aylik getirilerinin Fama-French Doért Faktor Modeli
kullanilarak agiklanip aciklanamadigini test etmek icin asagidaki zaman

serisi regresyonu gergeklestirilmistir.

Ri(t)-RF(t) =a + B[RM(t)-RF(t)]+sSMB18(t) + hHML18(t) +rRMW18(t) + e(t)
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a katsayilarinin yalnizca bir tanesinin istatistiksel olarak anlamli oldugu
tespit edilmistir. Bunun yaninda tim [ katsayilar istatistiksel olarak
anlamhidir. SMB18 faktérinin katsayisi olan s ise onsekiz regresyondan
onunda istatistiki olarak anlamh bulunmustur. h katsayisi ise onsekiz
regresyondan onbir tanesinde istatistiksel olarak anlamli bulunmustur. Karlilik
faktorind yansitan RMW18 faktorinin egim katsayisi olan r, onsekiz
regresyondan dokuzunda istatistiksel olarak anlamli  bulunmamistir.
Regresyon sonuglarina gore duzeltimis R-kare degerleri 0.55 ve 0.91

arasinda degismektedir.
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BOLUM 5

MODELLERIN KARSILASTIRMALI PERFORMANSLARI

5.1 Girig

Bu bélimde, SVFM, Fama-French Ug¢ Faktér Modeli ve Fama-French Dort
Faktdor Modelinin performanslari ortalama duzeltiimis R-kare degeri, GRS-F
istatistigi ve kesisim katsayilarinin ortalama mutlak degeri kullanilarak

kiyaslanacaktir.

5.2 Ug Modelin Performanslarinin Karsilastirmal Analizi

Firma buyuklugu-DD/PD oranina gore olusturulmus alti portféyun risksiz faiz
oranini agan aylik getirilerinin bagiml degisken olarak kullanildigi durumda,
ortalama duzeltiimis R-kare degerleri gz onunde bulunduruldugunda 0.92
degerine sahip Uc¢ faktorli model her iki modele gore daha iyi performans
gOstermigtir. Dort faktorli modelin ortalama duzeltiimis R-kare degeri 0.90
olurken, SVFM’ninki 0.74 olarak hesaplanmistir. GRS-F istatistigine gére her
uc model de gecerli olup, fiyatlandirma hatalarinin sifira esit oldugu hipotezi
reddedilememigtir. GRS-F degeri baz alindigi durumda da en iyi
performansin ug¢ faktorli modele ait oldugu gorulmektedir. Fama-French’e
gbre yatirrmcilarin model performansini degerlendiriken g6z ©nlnde
bulundurdugu en 6nemli istatistik olan kesigim katsayilarinin ortalama mutlak
degeri kullanilarak karsilastirma yapildiginda sonu¢ yine degismemektedir.
0.178 degeri ile Ug faktdrli model her iki modele gore Ustiin gérinmektedir.
Dort faktorli model (0.311) ve SVFM (0.428) sirasiyla ug faktorli modeli takip

etmektedir.
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Firma buyuklugu-DD/PD-karlilik oranina gore olusturulmus onsekiz portfoyin
risksiz faiz oranini asan aylik getirilerinin bagimh degisken olarak kullanildigi
durumda, dort faktérli model 0.745 ortalama duzeltiimis R-kare degerine
sahipken Ug¢ faktorli model 0.742, SVFM ise 0.60 degerine sahiptir. Bu
durumda dort faktorli model az da olsa Ug faktorli modele karsi daha iyi
performans sergilemistir. GRS-F istatistigine goére, SVFM ve ¢ faktorll
model %95 guven araliginda reddedilmektedir. Gegerliligini koruyan tek
model dort faktérlti model olarak bulunmustur. Bu durumda GRS-F istatistigi
g6z 6nunde bulundurulursa en basaril model dort faktorli model olmustur.
Alfa katsayilarinin ortalama mutlak degeri baz alindiginda ise durum
degimektedir. Degerler arasinda kuguk sayilabilecek farklar bulunmasina
karsin, en basarih model tg¢ faktérli model olurken (0.544), en buylk degere

(0.557) sahip dort faktorli model en kotl performansa sahip model olmustur.
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BOLUM 6

SONUG

Bu calismanin amaci Fama-French Dort Faktor modelinin Temmuz 2004-
Haziran 2013 arasi 108 aylik dénemde Borsa Istanbul’da gegerliligini test

etmektir.

Yurutllen regresyonlarda bagimli  dedisken olarak iki portfoy seti
kullanilmigtir. Birincisi firma buyuklugu-DD/PD oranina gore olusturulmus
olan alti adet portféyddr. Ikinci portfoy seti ise firma buytkligi-DD/PD-karhlik
orani dlgutlerine goére olusturulmus olan onsekiz portféydir. Bu portféylerin

olusturulmasinda Fama-French yontemi izlenmigtir.

Dort faktorli modelin gegerliligini test ederken ve performansini dlgerken,
konuyla ilgili daha iyi fikir verebilmesi acisindan, SVFM ve Ug¢ faktorli model
de performans testlerine tabi tutulmustur. Dort faktérli model, Gg farkli

istatistiki deger kullanilarak bu iki modelle kiyaslanmigtir.

Firma buyUklGgu-DD/PD oranina gore olusturulmus olan alti adet portfoyin
bagdimli degisken olarak kullanildi§i testler sonucunda, dort faktérli modelin
yuksek agiklayici guce sahip oldugu, GRS-F testi baz alindiginda modelin
reddedilmedigi ve fiyatlama hatalarinin disik seviyede oldugu tespit
edilmistir. Ancak, tc¢ faktérli modelin her U¢ kritere goére de daha iyi
performans sergiledigi saptanmistir. SVFM ise U¢ model iginde en kotl

performansi sergileyen model olmustur.

Firma buyuklugu-DD/PD-karlilik orani oOlgutlerine gore olusturulmus olan
onsekiz portfoyun bagimsiz degisken olarak kullanildigi regresyonlar sonucu
elde edilen sonuglara goére duzeltimis R-kare ve GRS-F istatistigi g6z

ontnde bulunduruldugunda, en basarili modelin doért faktérli model oldugu
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sonucuna ulasiimistir. SVFM ve u¢ faktorli modeli GRS-F degerine gore
reddedilmistir. Ancak Fama-French’e gore yatirimcilar icin bir fiyatlandirma
modelinin basarisina isaret eden en oOnemli kriter olan fiyatlandirma
hatalarinin ortalama mutlak degeri gz 6nunde bulunduruldugunda en iyi
performansi U¢ faktorli modelin sergiledigi, en dusuk performansin ise dort

faktorli modele ait oldugu saptanmistir.
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