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A b s tra c t

This thesis provides evidence of size and value premiums in returns in the Central and Eastern 
European (CEE) region, through its analysis of financial markets in 12 countries. Following the 
portfolio construction methodology of Fama and French (1996) we use a sample of 1245 stocks 
and record that small stocks outperform big stocks (size premium) and value stocks outperform 
growth stocks (value premium). In addition, we create nine portfolios to test the Fama and French 
three-factor model and show that the factor-mimicking portfolios that have been documented in 
the developed markets, SMB (small minus big) and HML (high minus low), also capture most of 
the cross-section variation in average stock returns in the CEE region. We demonstrate a similar 

pattern in terms of size return as documented in the U.S. market, but with small differences in 
the value returns found. Although the Gibbons-Ross-Shanken (GRS) test does not reject the null 
with 95%, we do not agree that the model completely explains the variation in average returns 
across the portfolios. The GRS rejects the null at 90% and implies that other factors are omitted 
from the model. Nevertheless, this thesis contributes to the literature applying asset pricing 
models to the CEE region, and should provide insights to investors active in the CEE region.
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A b s tra k t

Tato diplomová práce poskytuje důkaz existence výskytu velikostních ("size prémium") a 
hodnotových výnosových prémií ("value premium") v regionu střední a východní Evropy 
za pomoci analýzy finančních trhů ve 12 zemí. Za použití stejné metodologie konstrukce 
portfolia jako Fama a French (1996), při vzorku 1245 akcií, jsem zjistili, že akcie firem s malou 
kapitalizací mají větší výkonnost (výnos) než akcie s velkou kapitalizací a také jsme se dozvěděli 
to, že hodnotové akcie ("value stocks") mají větší výkonnost (výnosnost) než akcie růstové 
("growth stocks"). Sestavili jsme 9 portfolií, abychom otestovali Fama a French třífaktorový 
model a abychom ukázali, že "factor-mimicking" portfolia, která byla zdokumentována na 
rozvojových trzích - SMB (small minus big) and HML (high minus low) - také zachycují většinu 
meziskupinové rozdílnosti ("cross-section variation") na průměrných akciových výnosech ve 
střední a východní Evropě. Naše výsledky se shodují se závěry dokumentovanými na trhu v U.S.
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ve velikosti výnosové prémie, ale s menšími rozdíly z hlediska hodnotových akcií ("value returns"). 
Ačkoli Gibbons-Ross-Shanken (GRS) test nezamítá nulovou hypotézu na 95%, nesouhlasíme 
s tím, že model plně vysvětluje rozdílnost v průměrných výnosech mezi portfolii. GRS ale 
zamítá nulovou hypotézu na 90% hladině pravděpodobnosti, což implikuje, že jiné faktory jsou 
z modelu vynechány. Tato diplomová práce doplňuje odbornou literaturu používající o modely 
oceňování kapitálových aktiv použité pro střední a východní Evropu a měla by poskytnout vhled 
do aktivity investorů v tomto regionu.
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M otivation The capital asset pricing model (CAPM) is commonly known as the most used model for

estimating the return on equity. The theoretical objections of Sharpe (1964), Lintner (1965) and Black

(1972) about the model, that all investors choose mean-variance efficient portfolios along with several

other assumptions, hold very tight to the risk-return theory but they are also exposed to empirical criticism.

In general, this model says that the exposure to the market is the only factor that counts in every asset

pricing model.

Banz (1981) is considered as the first who provided evidence of the importance of the company size

in average stock returns by analyzing the NYSE stocks between 1936 and 1975. His findings implied a

misspecification of the capital asset pricing model. He recorded that smaller firms, on average, have had

higher risk adjusted returns than larger firms. This, so called "Size effect", occurred mainly for vary small

firms whereas less difference was recorded between medium and large sized firmed. Fama and French

(1992) also argue that stock returns are not only related to the market risk factor, and point out that size

and book-to-market equity indeed are important risk factors that help explain the average stock returns.

Many of the papers referring the question of which risk factors best explain the stock returns are

mainly related to U.S. stock markets. However, some economists, by utilizing methods originally derived
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in U.S., have provided evidence for European markets too. For instance, Lischewski and Voronkova

(2012) confirmed the size and value effect on the Polish market by using the Fama and French three factor

model. They also deduce that the liquidity risk is less relevant for the Polish stock market. Empirical

evidence for countries situated in the CEE region are recorded also in different studies, but only few

studies capture and focus on the whole region. For example, De Groot et al. (2012) analyzed the size and

value effect by grouping the global emerging markets in region groups and included only few countries

from the CEE region in their Europe group. Similar approach can be seen in the studies of Cakici et

al. (2013) as well as in Barry et al. (2002). There is no precise definition which countries belong to

the CEE region, but Baele, Bekaert and Schafer (2015) include only country geographically located in

Central and Eastern Europe. This makes the study a rear research with the focus on the whole region. In

a nutshell, they documented substantial premiums associated with investing in small and value stocks

in CEE region, based on firm level data for 16 equity markets for the period between the year 1996 and

2011. They sorted stocks based on the different fundamentals in quartiles and compare the performance

of the top and bottom quartiles. Our approach is slightly different and it should supplement their work

and the evidence for the CEE region. The focus of this research is to capture the size and value effect on

stocks in the CEE countries. In addition, following the Fama and French three factor model, we will try

to document that the portfolios formed on size and book-to-market equity capture most of the variation

across stock in CEE region similarly to those in the more developed economies.

H ypotheses

Hypothesis #1: Companies with small market capitalization outperform companies with big market

capitalization (Size premium) in the CEE region.

Hypothesis #2: Companies with high book-to-market equity, value companies, outperform the

companies with low book-to-market equity, growth companies, (Value premium).
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Hypothesis #3: Factor-mimicking portfolios formed on size and book-to-market equity, in addition

to the market portfolio, are the only state variables (factors) that explain the variation across stocks

in the CEE region.

M ethodology First, in order to capture the size and value effect we will closely follow Fama and

French technique of portfolio creation. Since the explanatory variables that will be formed are excess

returns, the mean of the factor is the factor risk premium. In other words, it is sufficient to use only

time-series regression, where the mean of the portfolios that represent the risk factors are actually the size

and value premium.

We will form 9 test portfolios sorted on size and book-to-market equity. Then we will run regressions

for each of these test portfolios on CAPM and the Fama and French three factor model and compare the

results. Fama and French three factor model is extension of the CAPM where in addition to the market

risk factor, two more factors are included to explain the variation of stock returns. This model says that

the expected return on portfolio in excess of the risk free rate is explained by the sensitivity of its return

to three factors: a) the excess market return, b) the difference between the return on a portfolio of small

stocks and the return on a portfolio of large stocks (SMB), and c) the difference between the return on

a portfolio of stocks with high book-to-market ratio and the return on a portfolio of stocks with low

book-to-market ratios (HML), Fama and French (1996). Many of the CAPM anomalies for US stocks are

captured by the three factor model. However, there are years when size premium seems to disappear. We

will try to evidence the importance of the three factor model in the CEE region and show whether the

portfolios formed on size and book-to-market equity explain the variation across stocks in the CEE region.

Expected C on trib ution  There is considerably less evidence of the size and value premium in the

CEE region relative to the evidence in the US and developed markets. This study has the role to fill out

the gap. There are two views behind the rationale of this thesis, applicable and academic. The first should
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provide empirical evidence of whether small and value stocks outperform the big and growth stocks in this

region. This will help all investors in their investment decisions when seeking to diversify their portfolio

or find opportunities for higher returns. The second rationale is related to the test of the Fama and French

three factor model in the CEE region. The model is widely used in the US but its application is not very

common in the CEE region Zaremba (2015). In a nutshell, we will provide comparison of the CAPM and

the Fama and French three factor model and document how well both models explain the variation across

assets. Moreover, we will show whether the mimicking risk factors, SMB and HML, capture most of the

cross-section variation in average stock returns in the CEE region as well as in the US market. This will

enrich the literature about asset pricing models used in the CEE region and more precisely justify the

utilization of the Fama and French three factor model in this region.

O utline

1. Introduction

2. Literature Review

3. Hypothesis

4. Data and Methodology

5. Empirical evidence

6. Conclusion
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C h a p te r 1

In tro d u c tio n

Investment behavior presumes a risk aversion assumption in investors’ portfolios choices.

Considering only the expected return and the variance of the return, with the former representing

the desirable and the latter the undesirable property of any given asset, Markowitz (1952)

introduced a mean-variance rule when investing in efficient portfolio. In other words, the portfolio

chosen by a given investor has: a) a maximum expected return, given a certain variance or b) a

minimum variance, given an expected return. As a pioneer of modern portfolio theory, Markowitz

proposed the principle of diversification as an essential component of risk management. In

essence, he delivered a way to connect theory to practice through the use of diversification.

Capital allocation is determined much differently in the present from how it was carried out in

the years in which Markowitz’s theory was developed. Nevertheless, his argument that sufficient

diversification can reduce the risk of a holding a portfolio of securities is still widely in use.

Specifically, if risks are independent, if returns are uncorrelated with each other, then the variance

of the portfolio can greatly reduced if the investor diversifies enough.

Following this strong theoretical evidence for portfolio selection Sharpe (1964) and Lintner

(1965) introduced the foundations of the capital asset pricing model (CAPM), contingent solely

on the market factor as the only risk factor that explains the variation of the asset price. Their
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work has been globally adopted as a tool of analysis and has changed perspectives on risk and

expected return. In particular, their argument about the identification of a mean-variance efficient

portfolio embraces the introduction of additional assumptions regarding the joint distribution of

asset returns and the possibility to borrow and lend at a risk-free rate.

Ever since capital asset pricing theory was introduced to the public it has been subject to

various tests of its validity. Because the theory was established in the United States, and was build

upon analysis of statistical data from the United States equity market, a number of tests on the

capital asset pricing model were initially performed for strictly the United States region. Many of

those tests occurred in the early 1980s until the late 1990s and focused on the market behavior of

investors in the United States stock market between the 1930s and 1990s. Although most authors

agreed about the shortness of the period of statistical data upon which their empirical work was

based, many of them documented evidence of different firm-level characteristics in asset pricing

beyond the market factor. Their tests provided significant evidence that the market factor is not

the only factor that explained the variation in the stock returns, but there are also other factors,

popularly called anomalies. These empirical studies reported evidence that stock returns are

related to factors that are based on firm-level characteristics, such as size, book-to-market equity,

cash flow-to-price, and momentum in the United States (Hou et a l.2011), which has become

known commonly as the "size effect", "value effect" and "momentum effect". Some authors

argued that the premiums, which are related to these characteristics, represent compensation for

risks held beyond the market risk factor (Fama and French, 1993,1996), whereas others believed

that the markets were behaving inefficiently in terms of the pricing of the assets and the way

they incorporated information into prices (Lakonishok, Shleifer, and Vishny, 1994).

The process of globalization and liberalization of financial markets has expanded market

accessibility for foreign investors but implicit impediments, such as market regulations, legal
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differences, political risk and development in information technology, can still prevent complete

market integration. Many investors choose to invest in emerging and frontier markets to diversify

their portfolio. Usually these markets are known to have more complications and risks than

developed markets. They are less efficient, their infrastructure is less developed, the trading

liquidity is by far smaller than the developed markets and these markets also have inherently

higher political and regulatory risks. For these reasons emerging and frontier markets are

considered riskier, and therefore are expected to deliver higher returns to investors. These

attributes attract not only investors that seek to diversify their portfolio but also those that are

willing to take more risk for a possible higher return.

In the past century, asset pricing research has been primarily focused on developed financial

markets. However, with the aid of technology development and easier access to markets, naturally

stimulated by globalization, substantial and important empirical evidence emerged in the last

two decades concerning the financial markets and especially in the transfer of capital. Both

emerging markets and frontier markets utilize more easily accessible information and more

highly developed technology, improve their supply of financial services and products globally,

and slowly develop their financial markets to a greater extent. The shortage of historical data in

the emerging and frontier markets is even more troublesome than the shortage in the developed

markets. Despite that, many researchers have tried to explain the behavior of stocks in the equity

markets and capture different anomalies similarly to those observed in developed markets. Their

significance is recorded by many empirical surveys in the recent history and more are still to

come. This thesis is intended to contribute to this ongoing area of literature and seeks to provide

information about market anomalies of the capital asset pricing model in the Central and Eastern

Europe (CEE) region. We will try to demonstrate the size and value effects in stock returns in

this region and provide useful information to aid in decision-making process of investors who are
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considering investments of their capital in CEE stocks. In addition, we will try to show that the

two risk factors, size and book-to-market equity, together with the market return, better explain

the variation in stock returns across different portfolios than the capital asset pricing model.

The structure of the following chapters of the thesis is as follows. Chapter 2 provides a

review of the literature related to the topic of the thesis. It comprises of a short overview of the

capital asset pricing model, its anomalies captured by past empirical studies, the evidence of the

existence of size and value premiums in the United States and CEE region and the hypotheses

that we test in our research. In Chapter 3 we present the data and the methodology we use to

obtain our empirical findings, which are summarized in Chapter 4. In Chapter 5 we discuss

about potential biases regarding our results. Finally, Chapter 6 outlines the conclusion of this

analysis.
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L ite ra tu re  Review

This chapter is devoted to providing an explanation of the literature used for this research

including the hypotheses of the thesis. At the beginning we provide a quick historical overview

of the capital asset pricing model. Then we describe the empirical evidence of some authors

referring to the market anomalies discussed in the thesis. Given that the size and value effects

are found to be two of the most cited anomalies of CAPM, we focus on the evidence provided by

different authors investigating their impart in the US economy and also on the size and value

effects as found in the emerging markets, with an emphasis on markets in Central and Eastern

Europe. Finally, we outline the hypotheses of this thesis.

2.1 H is to ry  o f asset p ric ing

Most economists share the opinion about when modern finance theory began to be more fully

developed. Robust theoretical surveys in the 1960s became very popular in explaining asset

pricing as a model. Following the work of Markowitz (1952), on structuring investments in an

efficient portfolio, the analysis of William F. Sharpe (1964), John Lintner (1965) and later Fisher

Black (1972) are considered to be the cornerstone of the capital asset pricing model (CAPM).

Based on their well-constructed theory about the relationship between risk and return, the capital
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asset pricing model finds great use in modern finance, even though it is often subject to criticism.

It relies on strong assumptions but it is still consider as a foundation for the teaching of portfolio

and investment theory withing finance and business education, because it delivers powerful

predictions about risk and pleasing estimates of the relationship between expected return and

market risk. Moreover, it is the most used model for the estimation of the cost of capital for

firms and hence for valuing the performance of companies and managed portfolios. In essence,

the model provides information regarding what an investor should expect from her portfolio

investment. The simplest way to describe it is the following: an investor from her portfolio

investment should expect the risk-free rate of return plus some additional return. The additional

return is represented by the market excess return multiplied by a factor which describes how risky

her portfolio is relative to the market. In other words, it defines the stock risk as the portfolio's

sensitivity to the stock market.

CAPM is a model that helps explain the return of an asset employing only one factor, the

market return. It outlines the linear relationship between the expected stock return and the

sensitivity of the market represented by beta (^). One of the caveats is the number of assumptions

the model is built upon. Nevertheless, it has strong underlying theoretical underpinnings and

shows that the equilibrium rates of return on all risky assets are a function of their covariance

with the market portfolio (Weston et al. 1988).

2.2 Anom alies o f the  C A P M

The early empirical research of many economists described the inefficiencies of the CAPM. The

model was criticized for being only weakly supported by the empirical evidence.

Roll's (1977) famous critique tells that we cannot rely on the CAPM in creating the efficient

portfolios simply because we can not test the whole market. Namely, he argues that the only single
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testable hypothesis associated with the CAPM is that "the market portfolio is mean-variance

efficient" and all other implications, such as the linearity of the relationship between expected

return and beta are not independently testable. If we are familiar with all individual assets and

could include them in the true market portfolio then the theory would be testable. However, this

is practically not possible and therefore a proxy is used for the market portfolio. Using a proxy

does not surpass all the difficulties because the proxy itself might be mean-variance efficient

even when the true market portfolio is not. Similarly, the proxy might be inefficient and without

implying anything about the true market portfolio's efficiency.

There is a long list of economists and econometricians whose empirical work and evidence

demonstrate the inefficiencies of the capital asset pricing model. In particular they argue that

expected stock returns are not explained solely by the market factor, but that other factors explain

important parts of the cross-sectional variation in average stock returns.

Considered as the first economist to detect the size effect in US stock returns Banz (1981)

argued that the effect has existed for at least four decades. Most importantly, he recorded

a negative relationship between company size (measured by its market capitalization) and

average return and showed that common stocks of small companies produced, on average, higher

risk-adjusted returns than stocks of large companies. This long term and persistence evidence

implied misspecification of the CAPM. Banz's empirical evidence is based on the market value

of NYSE common stocks from 1936 to 1975. Nevertheless, the fact that the size effect is not

supported by theoretical evidence provides vague determination whether the risk factor is indeed

size or something related to size. Although Banz left many questions unanswered, his paper

prompted many economists to focus on the relationship between the return of an asset and its

market value. As more data has accumulated throughout the years, the empirical evidence for a

relationship between size and other factors has became more and more clear and significant.
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In another study, Reinganum (1981) describes the analysis of US stock data based on eight

quarters in the period between 1975 to 1977. In applying the portfolio construction methodology

to company's size or earnings ratio (E/P), he also recorded the misspecification of the CAPM.

The evidence of "abnormal" annual returns lasting for two years led to conclusion of the existence

of a CAPM anomaly. Not only did Reinganum deduce the misspecification of the CAPM, he

also revealed the importance of company size and earnings-to-price in explaining annual returns.

As a result he argued that both variables proxy for the same missing factor but that they are

more closely related to the company's size than to E/P ratios. Perhaps one would argue that

this short period of time cannot provide robust and strongly significant findings. Reinganum

considered a simple one-period asset pricing model and confirmed the existence of a risk factor

that was omitted from the CAPM. He also shortened the list of risk factors by eliminating the

E/P ratio which in effect disappeared when company size was controlled for in the regressions.

Conversely, there is a significant size effect when E/P ratio is controlled for, meaning that the

E/P ratio effect is a proxy for size effect, but not the other way around.

Klein and Bawa (1977) also document that the size of a company has an impact on the stock

return, but are not clear why. Their rationale is motivated by two coherent arguments. The first is

that investors will not invest in stocks with insufficient information due to their risk aversion, and

the other is that the amount of information available is positively related to the firm's size. This

logical statement is derived related to the investment behavior. Investors would be less likely to

buy stocks from small firms. Moreover, diversification is limited and therefore "undesirable"

stocks of small firms lead to higher average returns.

The size effect has been perceived by numerous authors but none of them have been able to

entirely explain its existence. Roll (1981) argues that the size effect appears due to the improperly

measured risk of the small firms. In his study he emphasized the frequency of the trading as a
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powerful cause of autocorrelation in portfolio returns. Small firms are traded less frequently,

hence producing bias in risk assessment.

Keim's (1983) study on a sample of NYSE and AMEX common stocks over the period from

1963 to 1979 showed seasonality in the abnormal returns. In particular, the abnormal returns

distributions in January are higher than in any other month and are negatively related with the

size. Almost 50% of the average magnitude of small firms relative to large firms arose as a result

of these abnormal returns. Attention was brought to the first week and the first trading day in

January. More than 26% of the size premium was credited to large abnormal returns in the first

week and nearly eleven percent to the first day of trading in January. The rationale is that some

investors sell securities at the end of December so they can record capital short-term losses for

income tax purposes. Stock prices decreased due to the greater selling activity in the end of

December but increased immediately in the first trading day in January.

The reason why Banz and Reinganum finish their work by concluding that the CAPM is

improperly specified is because their studies demonstrated constant positive before-transaction-cost

abnormal return from investing in small stocks. The study of Stoll and Whaley (1983) took

into account transaction costs and provides evidence of abnormal returns net of all transaction

costs related to the size of the firm. Phillips and Smith (1980) emphasized the importance of

transaction costs by pointing out that many authors wrongly concluded that market inefficiency

existed just by simply omitting the transaction costs. Since we already know that small firms

are less frequently traded than large firms, the market-makers' spread is higher for small firms.

Also, broker's fees are negatively related to the price per share, which is correlated with the

market value of the stock. In other words, small stocks have small prices and high broker's

fee. There are also other less explicit informational costs that may be higher for small stocks

such as the cost of investigating and monitoring a company. Although Stoll and Whaley (1983)
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documented different evidence depending on the investment horizon, they report that transaction

costs partially account for the abnormal returns.

Several papers, published mostly in the 90s by Fama and French, had a significant impact on

subsequent thought regarding the behavior of investors. These studies, which have since become

very popular, are simply based, as authors say, on the body of previous work. Modestly, Eugene

Fama stated that nothing new was done and everything was taken from previous papers. In many

respects to the criticism of the CAPM, recorded by other observers of the stock and bond market,

they succeeded in showing that other factors besides the market return can be considered as risk

factors in explaining the variation in average stock returns.

Most individuals agree that the goal of an investor is to maximize risk-adjusted returns

by identifying the best estimate of the value of a stock, and thus what its price should be.

Different scaled versions of a firm's stock price help to perform that estimate. Historical data

tells us that the best and most common are company's size, earnings-to-price (E/P), leverage

and book-to-market equity (BE/ME). Fama and French (1992) suggested that not all scaled

versions of price are important for the stock returns. By looking at the data for non-financial US

companies listed on the NYSE, AMEX and NASDAQ for the period 1963-1990, they recorded

that among all the variables that capture the cross-section of average stock returns, two of them

seem to perform adequately: market capitalization (size) and book-to-market equity (BE/ME).

When these two factors are combined together, the combination seems to absorb even the roles

of leverage and E/P in average stock returns. Although the Gibbons-Ross-Shanken test (GRS)

performed by Fama and French (1996) rejected the null hypothesis, deeper analysis of the size

and book-to-market equity patterns confirmed their importance and significance as risk factors.

Yet questions remained regarding how persistent these results would prove and whether they

arose from rational or irrational decision-making of market participants.
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Many researchers have attempted to find a satisfactory explanation of the average stock return

by observing its relationship with other variables, but none of them have achieved the impressive

success enjoyed by the Fama and French three-factor model. Their studies published in the early

90s assigned to this model are perhaps the most cited papers in the field of modern finance and

asset pricing theory. Simply by combining all previous studies about the relationship on average

stock returns and firms' characteristics like size, E/P, past sales growth, book-to-market equity,

long-term past return and short-term past return they reported different patterns in average stock

returns which did not seem to be explained by the CAPM (Fama and French 1996). These

so-called anomalies, are related to and captured by the Fama and French three-factor model.

While CAPM considered only one risk factor in its explanation of the expected return of a

security, the market factor, the Fama and French three-factor model includes two additional

factors by creating portfolios formed on company's size and book-to-market equity. In particular,

when portfolios are formed on firms' characteristics and are included in the Fama and French

three-factor model, the model seemed to capture most of the variation in the stock returns

across assets in the United States. Moreover, portfolios formed on E/P, C/P, sales growth and

long-term past returns did not provide additional evidence of the risk-return relationship beyond

the evidence delivered by the portfolios formed on size and book-to-market equity. However,

no model succeeded in explaining the continuation of short-term past returns (the momentum

effect).

What Fama and French did to capture the variation in cross-section average returns was

to construct two factor-mimicking portfolios and to add them into a modified CAPM. These

portfolios, called SMB (small stocks minus big stocks) and HML (high BE/ME stocks minus

low BE/ME stocks) were two additional state variables, together contributing to the creation of

the new model, known as the Fama and French three-factor model, based also on their rationale
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for a book-to-market equity proxy for relative distress, Fama and French (1995). Both studies,

Chan and Chen (1991) and Huberman and Kandel (1987), record the existence of covariance in

the return of small stocks or relative distress, respectively, which was not captured by the market

return and was compensated in average returns. Therefore SMB and HML were consistent with

these pieces of evidence and by including these factors in a model together with the market factor

seems to have captured much of the cross-sectional variation in average stock returns in the US.

One may ask why CAPM is up to the present time considered as a cornerstone in asset pricing

courses taught in almost every business school around the world. In a nutshell, none of the

models that deliver robust empirical results in explaining the average stock returns and oppose

the CAPM are based on a solid theoretical background. Their evidence is purely empirical and

relies on statistical data collection from a number of past decades. In particular, the inference

given by the models other than CAPM provide a better explanation of the expected stock returns

than CAPM. Berk (1995) defined this as an anomaly: a fact that cannot be supported by the

prevailing theory. His study reported the alternative view in trying to establish a theory for the

empirical evidence and argued that size effect in the asset pricing models should not be seen as

an anomaly. On the contrary, the fact that size and return have an inverse relationship is natural

for any economy in which asset returns satisfy any one of the well-known asset pricing models.

He argued that searching for the "missing factor" for which size is a proxy is not necessary,

because there is not one. The relationship is natural and it is embedded in the economy. This is

also supported by the fact that almost all proponent of the asset pricing models agreed on the

misspecification of their models rather than inefficiency of the markets. The size is inversely

related with the unmeasured risk, so the asset pricing model is the one that will determine the

type of risk for which size proxies. Nevertheless, we must bear in mind that among the vast

majority of the different surveys and conclusions from many researchers describing CAPM
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anomalies, they mostly agree on the strong underlying theory that forms the foundation of the

CAPM.

2.3 Evidence fo r size and value e ffec t in CEE coun tries

This study is focused on the stock returns in the Central and Eastern European (CEE) countries.

The variety of economic development and the magnitude of the individual country in the region

incorporated both emerging and frontier economies as part of our data set. Although we do

not include all countries that are situated in this region our data set of 12 countries represents

an excellent sample of the whole CEE region. These countries are: Austria, Bulgaria, Croatia,

Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovak Republic and

Slovenia. The reasons for country selection are explained in the Chapter 3. To the best of our

knowledge, this is one of very few studies that aggregate stocks from multiple CEE countries to

attempt an analysis to explain the size and value effects and perhaps the first study that tries to

explain whether the two-factor-portfolios formed based upon size and book-to-market equity

explain the cross-section in average stock returns in this region.

Empirical work related to asset pricing and the performance of equities in the CEE markets

has been carried out later than in the United States financial markets. This is not unusual,

knowing that the liberalization process of financial markets and subsequent privatization reforms

in the Central and Eastern Europe region generally commenced after the end of Cold War in

most of these countries. In a nutshell, research related to asset pricing in this region is naturally

expected to occur later than in the developed economies. It is also convenient to expect that most

of the asset pricing tests in the emerging and frontier markets have been performed on similar

anomalies documented in the studies in the developed economies.

De Groot et al. (2012) confirmed that the evidence from so-called "frontier" emerging
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markets is similar to the empirical evidence from developed markets. Their study covers a period

of 12 years from 1997 to 2008 and analyzed data for 24 countries coming from 4 regions. In

particular, their results indicated that portfolios based on value and momentum in frontier markets

generate economically and statistically significant excess returns. Moreover, they argued that

those countries perform even larger excess returns then the excess returns achieved in developed

and emerging markets. On the contrary, they did not find any size effect among the total group of

frontier emerging markets countries. Nevertheless, the size effect is present when they perform

the test based on regions. The test for Europe group countries had the highest size effect with a

t-statistic of more than 2 standard errors from 0. It is important to note that part of the countries

in their group Europe included countries that are also located in the CEE region but around 40%

of the countries covered in our study were not covered in their paper. Our study should provide
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an even deeper regional segmentation by including countries only from CEE region that mostly

share a common experience of transitioning from a socialist to market-based economy in the

1990s after the fall of the Soviet Union.

Size and value effects in the CEE region were also documented by Zaremba and Konieczka

(2015). With the exception of one country, Austria, their sample included the same 11 countries

as in our study. In a nutshell, they found a size and value premium, but the size premium

was eliminated after they account for transaction costs and liquidity. If we take a look at the

sample data used in the paper, where the number of stocks per countries are illustrated, we note

some doubtful output. For example, the number of Hungarian stocks included in their sample

increased monotonically from 2003 to 2009 in the range between six and 25, but in each year

from 2010 to 2013 the number of Hungarian stocks included in the data set is 0. Also, the

number of Slovenian stocks in their sample data for 2011 is 0, but for the years between 2007

and 2013 is between 14 and 21. This illogical composition of the stocks perhaps omitted stocks

in the construction of portfolios and subsequently delivered a dearth of results. In addition,

Zaremba and Konieczka (2015) use CAPM to show that different portfolios formed on size and

book-to-market equity perform abnormal return more than 10%. On the contrary, the portfolios

we formed in our study should deliver alphas  or intercepts close to zero. Thus it will show

how well each portfolio is explained by the models we use in the study. Moreover, the size and

value premium would be simply the mean of the time-series regression. Nevertheless, we agree

that transaction costs and liquidity are the most "harmful" properties of emerging and frontier

markets and their improvement will help improve and render the capital allocation in the CEE

region more efficient.

In 2013 Cakici et al. published a study about the size, value and momentum effects in

18 emerging markets stock returns. Similarly with Fama and French (2012) they divided the
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emerging markets into regional groups (Asia, Latin America and Eastern Europe) and examine

the anomalies of those regions separately and together. A positive and statistically significant

value effect was documented for all three regions but no size effect was recorded. Although, one

of the groups comprised countries from the CEE region, we would argue that the set of countries

used in their Eastern Europe group is not a complete benchmark for the region. In particular,

their group included Czech Republic, Hungary, Russia, Poland, and Turkey, and stocks from

only three of those countries are also part of our research. The study also provided evidence

that the premiums for the big value stocks are slightly larger than premiums for the small value

stocks. This is in contrast with the study of the international markets by Fama and French (2012).

They also split the world into regional groups, one of which was Europe, and do not report any

size premium in each of them. Although their evidence recorded value premium, higher for

small stock than big stocks, the group Europe included only one country from the CEE region,

Austria1.

Countries from the CEE region were also included in the study of Barry et al. (2002).

Evidence for 35 emerging markets was included related to size and value premium for the period

between the years 1985 and 2000. In addition, robust findings were presented with the removal

of the extreme values after omitting observations with returns in the upper or lower 1% tails

of the distribution of returns. Relative size and book-to-market equity were used because their

sample data included companies from different markets that largely differ in their magnitudes and

also because of the uncertainty whether the emerging markets are fully integrated with global

capital markets. In both cases robust value effects were recorded but size effects are present only

when the extreme values are included. Also the size effect is not found in tests that use absolute

firm size.

1Kenneth R. French's web site: httpV/mba.tuck.dartmouth.edu/pages/faculty/ken.french/data/ Z&rary.fem/
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Although no country from CEE region was included in its study, Cleassens et al. (1995) is

among the pioneers that studied the behavior of the return in the emerging stock markets. Their

study included twenty emerging markets with ending date in December 1992 and multiple starting

dates with range between the years 1976 and 1990. Without explicitly specifying an asset-pricing

model, their statistical results documented a size effect or as they called it a small-firm effect.

The largest economy in our sample data and in the CEE region is the Polish economy. In

the last decade, the Polish market has become a dominant player in the equity market in the

CEE region, with aggregate market capitalization in 2012 five times the size of the Prague

Stock Exchange market and almost thirty three-times the size of the Bratislava Stock Exchange

(Cornanic and Novak 2013). Lischewski and Voronkova (2012) report evidence on the size

and value effects on the Polish stocks traded on the WSE (Warsaw Stock Exchange). For the

period between the years between 1996 and 2009, they found that small stocks outperform large

stocks and value stocks outperform growth stocks. In addition, the small value stocks achieve

the highest returns while large growth stocks achieve the lowest returns. These results were

consistent with the evidence for the size and value effects in the developed economies. Moreover,

they concluded that liquidity risk is less relevant for the Polish market. Although the liquidity

issue is less relevant for the Polish market, we can not posit the same for the rest of the CEE

economies. However, we did not provide evidence for liquidity risk in this thesis. Our main

focus is the size and value premium in CEE stocks without taking into account trading liquidity

issues.

2.4 Hypotheses

In this section we outline the main hypotheses of this thesis. The first two hypotheses pertain to

the size and value premiums in the Central and Eastern Europe (CEE) region. They are stated in
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a way to deliver evidence regarding the existence of the size and value premium in the countries

from the CEE region when they are observed as a single integrated market. This approach

makes sense because all of the markets included in our data set are part of one integrated market,

the European Union, where they compete and share the benefits from the integration of their

local markets. The third hypothesis is structured in a way to implicitly deliver inference on the

applicability of the Fama and French three-factor model in the CEE countries and to test if the

two factor-mimicking portfolios, SMB and HML, explain the average stock returns in this region.

Researchers might argue that the time period of five or six decades of data is not sufficient

to provide accurate and robust empirical evidence, and most economists agree about the short

period of data available used in empirical testing worldwide. This lack of sufficient data is an

even larger impediment to attempts to provide robust empirical evidence in the CEE region for

these questions. This should not be a reason to limit empirical research on the factors that drives

the stock markets in this area, however. On the contrary, we are encouraged to use the evidence

from more developed markets and try to document if similar behavior occurs in younger, less

developed capital markets, in spite of the absence of long time series of financial data in these

regions.

Different evidence on the size premium has been reported by authors whose research included

markets from the CEE region. For instance, De Groot et al. (2012) recorded evidence of the

size premium for a group of countries including markets from the CEE region whereas in the

study of Cakici et al. (2013), no size premium was recorded for a set of emerging markets that

included financial markets from the CEE region. Furthermore, the study of Barry et al. (2002)

confirms the presence of the size premium in emerging markets but when the extreme 1% of

the observations are removed the size premium disappears. It is not unusual to find different

evidence of the size premium when the groups of financial markets that are analyzed are formed
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by different countries. Countries from the CEE region that are included in various groups across

different authors does not completely reflect the CEE region. Our study provides more robust

evidence of the size premium in the CEE region where 12 local markets are also part of one

integrated market.

We believe that the size premium is present in CEE stocks for the same reason as in the

developed markets. The amount of information about the firm is very likely related to the size of

the firm (Klein and Bawa 1977). The information available for small firms is substantially less

than the information available for large firms. This induces the investor's estimation of the risk of

holding the stock and makes investors more reluctant to hold them in their portfolios. That leads

to limited diversification and therefore to higher returns for the stocks of small firms (Bank 1981).

H ypothesis # 1 : Companies with small market capitalization outperform companies

with large market capitalization (Size premium) in the CEE region.

Creating different portfolios of stocks is one of the methods economists use to analyze

stock returns. Many practitioners utilize the price ratio book-to-market equity to group stocks

in portfolios of value or portfolios of growth stocks. Stocks with high book-to-market equity

represent value stocks and stocks with low book-to-market equity represent growth stocks. In

principle, value stocks tend to be more distressed relative to growth stocks. These are stocks

that are challenged with certain difficulties and have poor fundamentals relative to their book

value. On the contrary, growth stocks tend to be highly profitable and expanding companies. The

market-makers recognize these stocks as companies with great potential in generating higher

future income, that is to say, they have high growth value which is reflected in their market

valuation.
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Some authors argue that the value premium in average returns emerges because investors use

strategies that do not accurately reflect the stock price. Buying and selling stocks using those

strategies undervalues distress stocks and overvalues growth stocks. In particular, they state

that investment decisions are correlated with the investors' overreaction to good or bad news

which has a subsequent impact on the stock book-to-market equity (Lakonishok 1994 et a l.). On

the contrary, the proponents of the efficient-market hypothesis argue that the value premium is

compensation for risk (Fama and French 1996). Our study covers stocks from the CEE region

with fundamental properties similar to the stocks from the developed countries. We believe that

the stocks from the CEE region with high book-to-market equity are in essence distress stocks

that carry higher risk for which investors are compensated with higher return.

H ypothesis # 2 : Companies with high book-to-market equity, also known as value

companies, outperform the companies with low book-to-market equity, also known as growth

companies, (Value premium).

The third hypothesis is stated in a way to test the validity of the Fama and French three-factor

model in the CEE region. The model requires sorting different portfolios which inevitably

demands large amount of data. Although many authors use the same sorting methodology for

statistical inference about the size and value premium, according to our knowledge, none of them

question the size and value premium patterns in CEE countries. To test our thirds hypothesis we

compare the evidence from both CAPM and Fama and French three-factor model and provides

inference whether the Fama and French three-factor model explains the variation in average

returns across the portfolios.
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Hypothesis #3 : Factor-mimicking portfolios formed on size and book-to-market equity,

in addition to the market portfolio, are the only state variables (factors) that explain the variation

across stocks in the CEE region.

The size and value effects have been subject to research in many studies worldwide for

about forty years. The first studies regarding these effects were documented in the United States

and they gain high popularity especially after the early 1990s. Keep in mind that many of the

countries from the CEE region experienced radical change in their economic system it is not

unexpected to have empirical work about asset pricing for these countries realized later than in

the United States. Indeed, some authors included countries from CEE region in their studies as

part of emerging markets group even in the years of economic transformation. In many respects

to the studies, we believe that there is not a sufficient empirical evidence about the CEE region

regarding the size and value premium and whether the two factor-mimicking portfolios, SMB

and HML, formed on size and book-to-market equity do explain the variation across portfolios.

This thesis provides evidence of the size and value premium for 12 countries in the CEE region

considered as a single market. Moreover, it provides test on the Fama and French three-factor

model and confirms the presence of the size and value effect in Central and Eastern Europe.
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D ata  and M e th o d o lo g y

In this section we will describe both the data and the methodology used in our research to obtain

our results. We also explain the construction of portfolios used in the subsequent formation of

risk factors and the construction of nine test portfolios.

3.1 S um m ary o f da ta  co llected

The data that we used for portfolios construction was collected from 12 countries located in

the Central and Eastern Europe region: Austria, Bulgaria, Croatia, Czech Republic, Estonia,

Hungary, Latvia, Lithuania, Poland, Romania, Slovak Republic and Slovenia. We opted to

include countries that have demonstrated reasonable market integration and are also situated

in the CEE region. All chosen countries are part of the European Union (EU) and also cover

the CEE region geographically. Not all economies were part of the EU in the year when our

sample period begin. The country that last joined the EU and is also included in our research

is Croatia. The country is a EU member since July 2013. Our defined set of countries delivers

inference on whether size and value effects were also recorded in CEE stocks and provide results

regarding whether size and book-to-market equity explain the cross-section of average stock

returns in this region. The period for which we tested our hypotheses range between July 2004
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and June 2016. Some of the years exhibited strong bullish years, but the sample period also

covered years when the global financial crisis occurred. Compared to the US market, the data

for CEE region is limited and smaller. Nevertheless, our results provide notable evidence on the

size and value effects in the CEE region during economically turbulent years in the economies

around the world.

We used stock-level data on monthly stock prices, market equity or market capitalization

(ME, stock price times outstanding shares), and book equity (BE, book equity plus deferred taxes,

if available minus the book value of preferred stock) of companies listed on the stock exchanges

on the 12 aforementioned countries. The data was collected from Thomson Reuters Eikon. We

express all results in EUR. For this reason, we use currency cross rates to convert the stock prices

from local currency in EUR. Conversion is executed on stocks from six stock exchanges that

have local currency for the sample period: Bulgaria, Croatia, Czech Republic, Hungary, Poland

and Romania. Although some of the other six countries had used local currencies in a number

of years of our sample period, data for those stock prices was collected in EUR. Similarly to

Fama and French (1998,2012), and others, our tests of international asset pricing models ignore

exchange rate risk. In other words we assume complete purchasing power parity. All other data

is obtained in EUR. Additional criteria is applied on the collected data. A stock to be included in

our sample must have available value for the market equity at the end of June of year t and at the

end of December of year t - 1 , book equity at the fiscal year-end of year t - 1  and available stock

price for the last 12 months on June in the year t. We do not include firms with negative BE/ME

equity, following the criteria of Fama and French (1993) in our formation of test portfolios and

risk factors. However, all stocks, including those with negative BE/ME equity, were included

when the market risk factor was created. We do not impose any conditions related to how often

stocks must have been traded to be included in the sample data. All stocks are included even if
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they are not traded for certain period of time. We computed log returns for each individual stock.

The results of the screening process delivered a sample of 1245 stocks.

The methodology of portfolio construction based upon different fundamentals is essential to

mitigate the loss of the short sample period. Shortage of data reduced the power of our tests.

However, by using test portfolios formed on some fundamental parameter, such as size and

book-to-market equity, we provided diversified portfolios for our regressions. Diversification

reinforced regression fits, which increases the accuracy of the intercepts that are the focus of

the tests of asset pricing models found in Fama and French (2012). To ensure that we have a

sufficient number of stocks in each test portfolio, we merge all stocks from our 12 emerging and

frontier markets and then formed risk factors and test portfolios based on size and book-to-market

equity. The number of observations in each portfolio used in the regressions delivered a sufficient

quantity to utilize the Fama and French methodology.

Table 3.1 shows the number of stocks per country from year 2005 to 2016. We do not have

stocks from all countries in each year. For the first 3 years, from 2005 to 2007, our sample data

was composed of stocks from five, six and nine countries, respectively. For the last 9 years of

our sample period, from 2008 to 2016, our sample data was composed of stocks from all 12

countries. There was a slight decrease in the number of stocks in Bulgaria, Croatia and Romania

after 2011 and 2012, but their number in 2016 is higher than the years for which they were

included in the sample. In general, the number of stocks increased gradually for all countries.

The most prominent increase was recorded in the Polish market. In the past 15 years the Warsaw

Stock Exchange (WSE) has experienced a period of rapid growth with high a number of IPOs

which makes the Polish market one of the five most active European capital markets in terms

of IPOs (Cornanic and Novak 2013). This makes the Polish market the largest financial equity

market in the CEE region. Polish stocks prevail in our sample data for CEE stocks. On average,
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44% per year of the total number of stocks in our sample data are composed of stocks from the

Polish market. Additionally, the total market capitalization of the Polish stocks is the largest

among the countries in the region (Table 3.2).

Table 3.1
Number of stocks per country in each year

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average

Austria 46 47 50 55 59 60 58 58 60 60 60 61 56
Bulgaria 165 176 187 192 201 192 179 187 181 184
Croatia 46 49 73 78 80 77 78 79 76 77 71
Czech Republic 1 1 1 3 4 5 5 5 9 10 11 5
Estonia 7 9 11 12 13 14 14 15 15 15 13
Hungary 8 8 11 16 20 21 27 29 32 32 31 34 22
Latvia 25 25 26 26 26 26 26 26 26 26
Lithuania 18 19 20 20 21 22 22 22 25 21
Poland 119 136 151 191 240 308 321 365 420 451 475 492 306
Romania 73 80 90 93 98 100 97 98 99 96 92
Slovak Republic 2 2 3 4 9 12 13 14 14 13 14 14 10
Slovenia 3 6 7 14 19 23 21 25 27 26 26 25 19

Total 178 200 349 627 744 844 874 935 987 1010 1041 1057 825

This table reports the number of stocks per country in the period from year 2005 to 2016. It also includes the total number of stocks per year 
and the average number of stocks per country. The sample data includes 12 countries from CEE region and the total number of stocks is 1245.

On average, 38% per year of the total market capitalization in our sample data pertain to the

Polish stocks. Bulgaria is the country with the second largest number of stocks in our sample.

For example, for 2016 around 17% of the total stocks in the sample consisted of Bulgarian

equities. Nevertheless, the total capitalization of Bulgarian stocks is by far lower than the market

capitalization of the Polish stocks, implying that these stocks will most likely be categorized

as small stocks. On the contrary, the Czech Republic has the lowest number of stocks in our

sample data, but their market capitalization makes the country the third largest economy in the

region. For instance, in 2016 only 11 stocks from the Czech Republic were included in our

sample data with a market capitalization of 52.4 billion euros, which is about 16% of the total

market capitalization in the CEE region for that year. All market capitalization by country are

reported in Table 3.2. The amounts represent the sum of June’s average market capitalization

of each stock from 2004 to 2015. Austria and Poland, as the leaders in the financial markets in
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this region, play the largest role in the construction of our sample data. Together their market

capitalization range between 67% to 80% from the total market capitalization of all countries

over our sample period.

The variety, in terms of number of stocks and value of market capitalization, is perhaps

arguable characteristic of our sample data. Indeed, one might think that if there is a size effect,

if small stocks earn higher returns than the large stocks, and most of the Bulgarian stocks are

classified as small stocks, then why would an investor not put all her money into the Bulgarian

market? This would make sense mainly for a global investor, or for those that want to diversify

their regional portfolio. However, each country's stock market is unique and local and no

restrictions on their components should be posed when they are considered regionally. For

example, a Bulgarian company may be sorted as a medium or large stock when only the local

market is considered, but that same stock might be classified as a small stock when all CEE

region stocks are pooled. In this study, we are interested in the regional evidence since we take

the CEE region as a whole. Barry et al. (2002) addresses this issue with the use of relative vs

absolute size. Whether we use relative size or absolute size is a question of the level to which

emerging capital markets are integrated globally. In a perfectly integrated global capital market

in which investors freely select from among all securities in global markets, absolute size would

be the preferred measure of size. Conversely to Barry et al. (2002), we did not use relative values

for size and book-to-market equity. Since all 12 economies are part of the European Union, we

consider that the countries possess a sufficient level of integration and therefore we used absolute

size and book-to-market equity values.
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Table 3.2
Market capitalization per year per country (in bn EUR)

Country 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average

Austria 40.1 61.1 99.0 133.4 117.2 57.4 67.2 87.6 66.7 72.9 85.5 84.4 81
Bulgaria 2.4 5.3 5.2 3.1 2.9 3.2 2.8 3.8 3.9 1.8 3.4
Croatia 0.4 11.2 20.7 17.7 10.8 10.3 9.0 9.3 9.7 9.4 9.8 10.7
Czech Republic 0.1 0.5 0.1 0.3 0.3 0.3 0.3 42.2 48.5 52.4 14.5
Estonia 0.0 1.3 3.8 1.5 0.8 1.2 1.5 1.4 1.8 1.8 1.6 1.5
Hungary 14.9 23.6 21.6 36.5 24.1 14.3 18.4 21.1 14.6 14.8 12.9 14.5 19.3
Latvia 0.2 1.1 0.9 0.5 0.5 0.5 0.6 0.8 0.8 0.5 0.7
Lithuania 0.9 1.4 0.9 0.8 1.0 1.4 1.9 2.0 2.3 2.0 1.4
Poland 27.3 42.0 67.1 121.3 88.0 57.7 88.5 130.1 107.7 118.8 143.6 135.0 93.9
Romania 0.6 18.5 28.6 17.1 7.6 9.8 11.5 10.6 12.3 18.7 17.7 13.9
Slovak Republic 0.6 1.7 1.6 2.5 2.7 2.0 1.6 1.8 1.5 1.4 1.8 1.4 1.7
Slovenia 0.6 2.8 4.8 13.0 10.0 6.6 5.2 4.9 3.8 4.2 5.9 5.2 5.6

Total 83.5 132.3 228.6 368.0 285.2 161.8 206.9 272.9 221.1 284.8 335.2 326.2 247.7

This table reports the market capitalization, in bn EUR, per country in the period between 2005 and 2016. It also includes the market 
capitalization of all countries per year and the average market capitalization per country. The sample data includes 12 countries from CEE 
region and the total number of stock is 1245.

3.2 U n ivaria te  and m u ltiva ria te  m odel

The most common models used in empirical asset pricing are the linear factor models. Many

variables are used as factors in different models with the purpose to deliver consistent and robust

estimates about the parameters, estimates on their standard errors and the pricing errors (alphas)

by utilizing diverse tests on the models. Researchers use time-series and cross-section regression

tests to explain not only the variation of asset return over time but also the variation of returns

across different assets. This is essential and very useful for institutional investors to effectively

construct their portfolio and increase diversification. Most importantly, when the factor is also a

return, the mean of the factor is the factor risk premium (Cochrane 2009),

E  R ) =  frE  (f  )

where E (R {) is the expected return of an asset i, E (f ) is the expected return of the factor return

and p  is the measure of risk for that asset and represent the part of the total risk that is correlated

with the risk factor, such as the market portfolio in the CAPM, and which cannot be removed by
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diversification. Estimation of the size and value effect in this study is provided by this approach.

In addition, we perform time-series regressions on the CAPM and Fama and French three-factor

model and report the results in Chapter 4. In particular, CAPM is the cornerstone of asset pricing

theory, where the expected return of a portfolio is described by a single risk factor, the market

return,

R it -  R f t  =  a i +  Pi (R mt -  R f t ) +  ci , -

where R it — R f t is the excess return of portfolio i over the risk-free rate, R mt — R f t is the excess 

return on the market portfolio, and / i  is market risk or the sensitivity of the asset to the market.

Over the years, especially in the 1990s and afterwards, many authors documented that the market

factor is not the only factor that explains stock returns, but that there are other risk factors that

explain average stock returns. The CAPM failed in a number of tests reported by different

economists which outlined the importance of other variables that explain the cross-section of

average stock returns. These results - called anomalies because they do not neatly fit into the

prediction of the CAPM - were not theoretically supported. On the contrary, CAPM is based

upon a strong theoretical backing. Nevertheless, these anomalies were empirical supported and

hence drew a great deal of attention to asset pricing theory after the 1980s. Fama and French

(1993) managed to bind the results of these studies by merging different anomalies together and

suggesting the three-factor model. They suggested that the large range of anomalies are in fact

only 3 things which might be rational. The model says that expected return of a portfolio in

excess of the risk-free rate is explained by the sensitivity of its return to three factors:

i) the excess return on a market portfolio, R it — R f t (RMRF)

ii) the difference between the return on a portfolio of small stocks and the return on a portfolio

of a big stocks (SMB)
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iii) the difference between the return on a portfolio of stocks with high book-to-market equity

and the return on a portfolio of stocks with low book-to-market equity (HML):

E (R i) -  R f  =  A[ E (R m) -  R f  ] +  YiE (S M B ) +  8-E (H M L ),

where E  (R m) — R f , E  (S M B ) , and E  (H M L ) represent the expected premiums and 0(, Y(, and S( 

are their loadings, respectively. Just like Fama and French (1996) documented these sensitivities

are the slopes in the time-series regression,

R it — R ft =  a ( +  A- (R M R F ) +  YiS M B (t) +  8(H M L (t)  +  eit,

where R it — R f t is again the excess return of portfolio i over the risk-free rate. RMRF, SMB, and 

HML indicate the risk factors described above and are the respective returns of the factor-mimicking

portfolios. R ( is the return of a portfolio sorted on size and book-to-market equity.

In our study, we use both the CAPM and the Fama and French three-factor model to measure

the size and value effects and to test whether size and book-to-market equity together capture

most of the variation in CEE stock returns as has been found in financial markets in the other

developed markets.

3.3 P o rtfo lio  creation

We obtain our estimates by using time-series regressions. Since we are interested in the

expected average returns on stocks across different portfolios, it is sufficient to use time-series

regressions when the explanatory variables are also excess return. Following the Fama and

French methodology (1993,1996) we construct three risk factors and 9 test portfolios. Fama

and French (1993) used factor-mimicking portfolios formed on size (market capitalization)

and book-to-market equity to represent the risk factors and show that they capture most of the
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variation across US stock returns. In addition, they used NYSE breakpoints for US stocks in

their studies to avoid the high number of less important small stocks that are mainly traded at

The American Stock Exchange (AMEX) and NASDAQ stock exchange. For the same reason,

we used s size breakpoint for CEE stocks that is a percentage of aggregate market capitalization.

We used portfolios formed on 2 x 3 sorts on size and BE/ME equity to create two explanatory

returns or risk factors, SMB and HML, which are later used in our asset pricing tests. They were

formed as follows. At the end of June of each year t (from 2004 to 2015) we sorted stocks on

size and BE/ME equity. Those in the top 90% of the market capitalization were considered big

stocks and those in the bottom 10% were considered small stocks. Then we allocated the same

sample of stocks into three independent groups with BE/ME equity breakpoints that are 30th

and 70th percentile of BE/ME equity for the big stocks. BE/ME ratio used to form portfolios in

June of year t was derived as the book equity at the fiscal year end of year t - 1  divided by the

market equity at the end of December of year t - 1 . Stocks with negative BE/ME equity were not

included. The intersections of the independent 2 x 3  sorts on size and BE/ME equity produce six

portfolios, SL, SN, SH, BL, BN and BH, where S and B indicate small or big and L , N and H

indicate low BE/ME equity or growth, neutral and high BE/ME equity or value (bottom 30%,

middle 40% and top 30% of BE/ME equity). We then calculated monthly value-weighted returns

for the six portfolios for the period from July of year t to June of year t + 1 . We matched the

year-end financial statement data for year t-1 with monthly returns from July of year t to June

t+1 to make sure that the accounting data was published before the returns. The size factor,

SMB, is the equal-weight average of the returns on the three small stock portfolios from the

2 x 3  size-BE/ME sorts minus the equal-weight average of the returns on the three big stock

portfolios. The value factor, HML, is the equal-weight average of the returns on the two stock

portfolios with high book-to-market equity minus the equal-weight average of the returns on the
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SM B =

H M L =

two stock portfolios with low book-to-market equity. Following Fama and French (2012) we

also formed value-growth returns for small and big stocks. HMLs is the small portfolio with

high book-to-market equity minus small portfolios with low book-to-market equity, and HMLb

is big portfolio with high book-to-market equity minus the big portfolio with low book-to-market

equity.

SL  +  S N  +  SH ^ BL +  BN  +  BH

SH  +  B H  ̂ _  ̂SL  +  BL

HM Ls = SH  _ SL

HM Lb = BH _ BL

RMRF represented the excess market return, or the market return (R m), constructed as a 

value-weighted return of all stocks in our sample, over the risk-free rate (R f ) . In the computation 

of the market return (R m) we include all stocks including those with negative BE/ME equity. We

use German 10-year government bond rate as a proxy for the risk-free rate.

Similarly to the six size-BE/ME portfolios used to form the explanatory returns, we constructed

9 test portfolios from 3 x 3  sorts on size and BE/ME equity. We used excess returns on those

9 portfolios as dependent variables in the time-series regressions in both the CAPM and the

Fama and French three-factor model to explain the average stock returns. The construction of the

test portfolios is as follows. At the end of each June of each year t, from 2004 to 2015, we sort

stocks on size and BE/ME equity. The size breakpoints that we used to group the portfolios are 

the 16th and 32nd percentile of CEE’s aggregate market capitalization. The BE/ME breakpoints 

in the 3 x 3  sorts follow the same rules as the 2 x 3  sorts, except we used the separate terciles

BE/ME breakpoints for big stocks to allocate the small, middle and big stocks. We constructed

9 test portfolios from the intersections of the size and BE/ME terciles and calculated monthly
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value-weighted returns for the those portfolios for the period from July of year t to June of year t

+ 1 .



C h a p te r 4

E m p irica l fin d in g s

In this chapter we outline the results of our study. We describe the evidence obtained by the

time-series regressions of our nine test portfolios on the CAPM and Fama and French three-factor

model. We documented evidence that small stocks outperform big stocks - size premium - and

that value stocks outperform the growth stocks - value premium - in the CEE region. We also

show that the three-factor model produces decent results for the CEE region and that the two

explanatory factor-mimicking portfolios - SMB and HML - based upon size and book-to-market

equity, capture a substantial part of the variation in the cross-section of average stock returns in

CEE region for the period between 2004 and 2016.

4.1 Evidence o f size and value prem ium s

Table 4.1 shows that most of the stocks are grouped in the small size portfolios. In addition, we

can clearly notice that the high BE/ME portfolio is tilted toward the smallest stocks. The average

number of stocks in the portfolios with high BE/ME equity is more than twice larger than the

average number of stocks in the other two small size portfolios. This is because Bulgarian stocks

are the second most numerous stocks in our sample and the yearly market capitalization of the

Bulgarian stock market for the period between 2005 and 2016 range between 1.8 bn and 5.3 bn
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euros. This makes Bulgaria the country with the smallest stocks in our sample and therefore it is

not unlikely to assume that many of the Bulgarian stocks are sorted as small stocks that most

likely have large high BE/ME equity. Although the small size portfolios contain many stocks,

each of the three portfolios is on average less than 3% of the total market value of stocks in the

nine test portfolios. Together, they average about 6.3% of the total value. On the contrary, the

big size portfolios have the lowest number of stocks but the largest portion of value. The size or

the three big portfolio averages of firm size is more than 90% of all nine portfolios averages of

firm size. There is no common rule what breakpoints should be used when stocks are sorted on

size and book-to-market equity. The numbers in Table 4.1 received from 1245 stocks in CEE

region present similar relationship between the descriptive statistics and different size-BE/ME

portfolios like in the United States. This justifies our decision to use 16th and 32nd percentile for

the size breakpoint and terciles for the book-to-market equity breakpoint.

Table 4.1
Descriptive statistics for 9 sock portfolios formed on size and 
book-to-market equity for the period 2004-2015

Size Book-to-market equity (BE/ME) terciles

L N H L N H L N H

Average of Average of annual Average of annual
annual number of percent of market value averages of firm size
firms in portfolio in portfolio (mil EUR)

S 113 122 350 1.56 1.72 3.01 36 38 22
M 34 30 35 4.70 3.93 4.62 337 335 332
B 18 20 17 30.54 28.63 21.29 4019 3445 2961

The descriptive statistics are computed when the portfolio is constructed in June of each year t , for the years 2004-2015, and then averaged 
across the 12 years. The nine size-BE/ME stock portfolios are formed as follows. At the end of each June of each year t (from 2004 to 2015) 
we sorted stocks on size and BE/ME equity. The size breakpoints that we used to allocate the portfolios into three groups are the 16r̂  and 32nd 
percentile of CEE’s aggregate market capitalization. We used terciles BE/ME equity breakpoints to sort the same sample of stocks into three 
BE/ME independent group. BE/ME ratio used to form portfolios in June of year t , was obtained from the book equity at the fiscal year end 
of year t - 1 divided by the market equity at the end of December of year t - 1. Stocks with negative BE/ME equity were not included. The 
intersections of the independent 3 x 3  sorts on size and BE/ME equity produces nine portfolios, SL, SN, SH, ML, MN, MH, BL, BN and BH, 
where S, M and B indicate small, medium or big size and L, N and H indicate low BE/ME equity (growth stocks), neutral and high BE/ME 
equity (value stocks).

Table 4.2 summarizes the excess returns on the nine portfolios formed on size and book-to-market
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equity. The nine stock portfolios formed on size and book-to-market equity produce a wide

range of average excess returns, from -0.22 % to 1.33 % per month. The portfolios show a

negative relationship between size and average return and a weaker positive relationship between

average return and book-to-market equity. The size effect is much stronger in the highest BE/ME

tercile than the lowest. The difference between the monthly average return of the small and

the big portfolios in the highest BE/ME tercile is 0.86% whereas in the lowest BE/ME it is

just 0.51%. There is a clear pattern for the size effect when we control for book-to-market

ratio. For all book-to-market equity terciles we see that as size is decreasing, going from big to

small, the average returns are increasing. The positive relationship between average returns and

book-to-market equity is weaker than the relationship between the average returns and the size

portfolios. The difference between the monthly average return of the high and the low BE/ME

portfolios in the small size portfolios is 0.65% whereas in the big size portfolios is just 0.30%.

Moreover, we do not see consistency in the behavior in the average returns when we control for

size. Yet for the small size and big size portfolios we recorded a U shape tilted toward the high

BE/ME portfolios.

Table 4.2
Excess returns on 9 stock portfolios formed on size and book-to-market 
equity

Size Book-to-market equity (BE/ME)

L N H L N H L N H

Means Standard deviations /-statistics for means

S 0.68 0.43 1.33 7.03 5.98 6.15 1.16 0.87 2.59
M 0.20 0.21 0.91 6.90 6.00 5.24 0.35 0.43 2.09
B 0.17 -0.22 0.47 6.27 7.14 6.34 0.33 -0.37 0.90

This table reports the monthly average excess returns, the standard deviations and the /-statistics for the means for nine size and book-to-market
portfolios for the CEE region. The nine portfolios are SL, SN, SH, ML, MN, MH, BL, BN and BH, where S, M, and B indicate small, medium
or big size and L, N, and H indicate low BE/ME equity (growth stocks), neutral and high BE/ME equity (value stocks). The sample period is
July 2004 - June 2016..
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Due to the high standard deviations most of the portfolios produce average excess returns

that are less than two standard errors from 0. Nevertheless, the high volatility of stock returns

does not mean that our asset-pricing tests will not be found significant. The mimicking factors

in returns absorbs most of the variation in stock returns, making the asset-pricing test on the

intercepts in the time-series regressions accurate.

In time-series regression approach, when the factor itself is a return, then the factor risk

premium is the mean of the factor. In other words, the average returns on the explanatory

portfolios, RMRF, SMB and HML are the average premiums per unit of risk for each factor

return. The average value of RMRF, the market premium (the average difference between

monthly value-weighted market return and the German 10 year government bond rate), is 0.28%

per month or 3.36% per year (Table 4.3). This is a reasonable market return, but the statistics do

not report significance in the parameter. Its high standard deviation drives the t-statistics towards

zero to only t =  0.64. This is not an unusual result.

The size premium or the average risk premium for the size factor is large in both economic

and statistical terms. The average SMB reports a monthly size premium of 0.50% (6% per year)

with a t-statistic of 2.19. This result confirms our hypothesis that the small stocks, on average,

outperform the big stocks in the CEE region.

Just like the size premium, our study also documents a large value premium meaning that value

stocks, on average, perform better than the growth stocks in CEE countries. The average HML

is slightly lower than the SMB and is 0.46% per month (about 5.5% per year) with a t-statistic

of 2.25. Most importantly, we found that the value premium is mainly driven by the small

stocks. Moreover, we discovered that small-value stocks have almost threefold outperformed

the big-value stocks. Also, the small-value stocks provide the strongest significance among all

risk premiums whereas the big-value stocks are shown to have a lack of power. The average
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Table 4.3
Summary statistics for the monthly explanatory returns (in percent): July 
2005 to June 2016, 144 observations

Mean Std. i-Mean Correlations

RMRF SMB HML
RMRF 0.28 5.27 0.64 1
SMB 0.50 2.76 2.19 -0.25 1
HML 0.46 2.44 2.25 -0.32 0.11 1
HMLS 0.66 3.06 2.58
HMLb 0.26 3.28 0.96
hmls—b 0.39 4.04 1.17

This table reports summary statistics for explanatory returns for the period July 2004 to June 2016.
At the end of each June of each year t (from 2004 to 2015) we sorted stocks on size and BE/ME equity. Those in the top 90% of the market 
capitalization were considered big stocks and those in the bottom 10% were considered small stocks. Then we allocated the same sample of 
stocks into three independent groups with BE/ME equity breakpoints that are 30th and 70th percentile of BE/ME equity for the big stocks. 
BE/ME ratio used to form portfolios in June of year t was derived as the book equity at the fiscal year end of year t - 1 divided by the market 
equity at the end of December of year t - 1. Stocks with negative BE/ME equity were not included. The intersections of the independent 2 
x 3 sorts on size and BE/ME equity produces six value-wright portfolios, SL, SN, SH, BL, BN and BH, where S and B indicate small or big 
and L , N and H indicate low BE/ME equity or growth, neutral and high BE/ME equity or value (bottom 30%, middle 40% and top 30% of 
BE/ME equity). SMB, is the equal-weight average of the returns on the three small stock portfolios from the 2 x 3  size-BE/ME sorts minus 
the equal-weight average of the returns on the three big stock portfolios. The value factor, HML, is the equal-weight average of the returns 
on the two stock portfolios with high book-to-market equity minus the equal-weight average of the returns on the two stock portfolios with 
low book-to-market equity. Following Fama and French (2012) we also formed value-growth returns for small and bis stocks. HMLs is the 
small portfolio with high book-to-market equity minus small portfolios with low book-to-market equity, and HMLb is big portfolio with high 
book-to-market equity minus the big portfolio with low book-to-market equity. RMRF is the excess market return, or the market return (R m), 
constructed as a value-weighted return of all stocks in our sample, including those with negative BE/ME equity, over the risk-free rate (R f ) . 
We use German 10 year government bond rate as a proxy for the risk-free rate. Correlation for the three explanatory variables RMRF, SBM 
and HML are also included.

monthly value premium for small stocks, HMLs, is 0.66% with t-statistic of 2.58 and the average

monthly value premium for the big stocks, HMLb, is 0.26% with t-statistic of 0.96. This result

correspond to Table 4.2 where most stock are tilted toward small and high BE/ME equity and

deliver high expected return with t-statistic of 2.59.

4.2 Test on cross-section o f average s tock  re turns

The results of the regressions are summarized in Table 4.4. Panel A  reports the results for the

CAPM and Panel B  reports the results from the Fama and French three-factor model.

To address the comparison of the two models, we first refer to the result from the CAPM. 

The market factor, R mt — R ft (the excess return on the market portfolio) does not completely 

explain the variation of stock return of our test portfolios. The results of the P coefficients are
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expected. They, on average, are all around one and all produce strong significance with more

than 17 standard errors from 0. However, the impediment lies in the intercepts. They show that

the CAPM leaves some of the variation in stock returns unexplained. There is significant part not

explained in the small size portfolio with the highest BE/ME equity, medium size portfolio with

the highest BE/ME equity and big size portfolio with the neutral BE/ME equity. Their intercepts

are significantly different from zero, 1.06%, 0.67% and -0.59%, with t-statistics of 3.63, 3.08

and -3.52, respectively. In addition, only one portfolio, small size with neutral BE/ME equity, 

reports R  higher than 90% where others, mainly small size portfolios, report weaker R 2 with 

the weakest of 68% for the small size portfolio with highest BE/ME equity.

In general, R 2 produced a result about how strong the factor structure is shown to be and 

how well the model explains the variation of over time. In particular, it shows if the model

is a good model for explaining covariance, but it does not tell if the model is a good model

of explaining expected returns across portfolios. To address the test for the cross-section of

expected returns we focus on the intercepts. If the model provides an accurate explanation

about the expected returns across portfolios the intercepts should be close to zero, according to

Fama and French (1993). While most of the individual statistics do not reject that the intercepts

are zero, the economic aspect of how far the intercepts are from zero, suggests that the results

are not trivial. Additionally, intercepts closest to zero produce negative risk premiums for the

stocks of the respective portfolio. Furthermore, we use a standard statistical F -test called the

Gibbons-Ross-Shanken (GRS) test, according to the authors Gibbons, Ross, and Shanken (1989),

to test the joint significance of the intercepts. Table 4.5 reports the results of GRS for both

CAPM and Fama and Frech three-factor model. Besides the GRS test statistics, Table 4.5

includes additional summary statistics for both models used in our study. Following Fama and

French (2012) and Cakici et al. (2013) we report the average absolute value of 9 intercepts from
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Table 4.4
Regression results of nine size-BE/ME portfolios on CAPM and Fama and 
French three-factor model

Panel A Panel B

CAPM Fama-French three-factor model
R it -  R f t  =  a i +  p i ( R mt -  R f t ) +  e it R it -  R f t  =  a i +  p i ( R mt -  R f t ) +  Yi S M B t +  +  eit

Size Book-to-market equity

L N H L N H L N H L N H

a t(a) a t(a)

S 0.36 0.16 1.06 1.12 0.63 3.61 0.03 -0.27 0.33 0.12 -1.41 1.80
M -0.14 -0.08 0.67 -0.62 -0.44 3.08 -0.27 -0.36 0.20 -1.41 -2.19 1.12
B -0.14 -0.59 0.17 -0.79 -3.52 0.75 0.27 -0.43 0.04 1.85 -2.57 0.19

P t(P) P t(P)

S 1.12 0.98 0.96 18.15 20.64 17.22 1.19 1.09 1.15 23.70 29.09 31.63
M 1.21 1.05 0.86 28.34 28.57 20.95 1.23 1.12 0.99 32.59 34.29 28.44
B 1.12 1.30 1.10 32.09 41.18 26.19 1.00 1.26 1.14 34.74 37.76 30.83

r t(r )

S 0.93 0.78 0.99 10.18 11.51 14.99
M 0.53 0.51 0.50 7.71 8.55 7.83
B -0.30 -0.12 -0.30 -5.75 -1.92 -4.42

8 t(8)

S -0.34 0.00 0.39 -3.20 0.01 5.09
M -0.31 0.00 0.41 -3.96 0.04 5.59
B -0.50 -0.18 0.58 -8.27 -2.59 7.46

R2 s(e) R2 s(e)

S 0.70 0.75 0.68 3.87 3.00 3.51 0.83 0.87 0.89 2.91 2.17 2.11
M 0.85 0.85 0.76 2.68 2.32 2.60 0.90 0.90 0.85 2.19 1.89 2.02
B 0.88 0.92 0.83 2.19 1.99 2.64 0.93 0.93 0.89 1.67 1.93 2.15

Panel A  reports the regressions of nine test portfolios of excess stocks returns on the excess market return (RM -RF ) - CAPM. Panel B  reports
the regressions of nine test portfolios of excess returns on the excess market return (RM -RF ) and the mimicking returns for the size(SMB) and
book-to-market equity (HM L) factors - Fama-French three-factor model.
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regression by each model, |a |, the average of the standard errors of the intercepts, s (a ), and the 

average of the 9 regressions R 2. We also included S R (a ), which is known as Sharpe ratio for 

intercepts (smaller is better). The GRS statistic for the CAPM regressions, 3.29, is far in the right

tail of the relevant /-'-distribution. The average absolute value of the intercepts is substantially

large, 0.37%, and delivers evidence that some variation is not explained by the CAPM. S R (a ) ,

with a value of 0.47, depends on the precision of the intercepts as well as their magnitude, Fama

and French (2012). The precision, measured by the average R 2 and the average standards error of

the intercepts, delivers results that are furthermore compared to other models. In our study, the

average R 2 of all 9 regressions in the CAPM is 80% and the average of the standard errors of the 

intercepts is 0.23%. In general, the rejection of the GRS test, or the rejection of the hypothesis

that all intercepts are jointly zero is evidence of a failure of the CAPM in the CEE region. The

model leaves much of the variation across assets in the CEE region unexplained.

We now turn to Panel B  from Table 4.4. The recorded results are regressions for the same nine

test portfolios on the Fama and French three-factor model composed by adding the explanatory

returns SMB and HML to the market factor. We documented nearly the same results for the

market risk premium as in the CAPM. The market coefficients, ft, have barely changed and they

all report strong significance with more than 23 standard errors from 0. Similarly to Fama and

French (1996), we report clear pattern in the size coefficients. In every book-to-market equity

portfolio the slopes on SMB decrease monotonically as we move from a smaller to bigger stock

size portfolio. The size coefficients, y , decrease from 0.99% to -0.30% as we go from the big to

small portfolio. With only one exception, which zero coefficient would not damage the pattern,

all other t-statistics produce significance for all individual coefficient. SMB clearly captures

shared variation in stock returns that is not explained by the market and by HML. In addition, the

slopes on HML, the mimicking return for the book-to-market equity, are systematically related to
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BE/ME. In every size of stocks, the HML slopes increase consistently from negative values for

the lowest BE/ME tercile to positive values for the highest BE/ME tercile. The value coefficients,

S, increase from -0.50% to 0.58% as we move from portfolio with low BE/ME equity to high

BE/ME equity. Most of them are statistically significant with more than 2.5 standard errors

from 0, except for the small and medium size portfolios in the neutral BE/ME equity where

the slope values pass from negative to positive. Not only do they not damage the pattern, they

actually comply and are consistent with what is expected. The pattern is clearly identical to that

found in the Fama and French (1996) paper. As they showed, the sensitivities of the risk factors

should be higher when the expected returns are higher. When we observed the behavior of the

SMB coefficients in our study, we noted a clear pattern. However, this is partially true when the

HML coefficients are observed. Indeed, we report that the high BE/ME equity outperform the

low BE/ME equity portfolios, but the results are not consistent as with the size premium. The

medium size portfolio produced means that form the value premium pattern of all portfolios in

the U shape which is not consistent with the HML slopes in the three-factor model.

For most of our regression results we need to rely on the intercepts. Panel B  of Table

4.4, among other results, outlines the intercepts. We documented limited improvement in the

intercepts of the nine test portfolios. In the comparison with CAPM, some portfolios in the Fama

and French three-factor model produced intercepts even further than zero but their t-statistics

are still mainly below two. On the other hand, two out of three portfolios that left much of

the variation in the CAPM unexplained have improved substantially. For instance, the highest

and statistically significant coefficients, small and medium size portfolios with high BE/ME

equity, significantly improve their individual output. The coefficients collapsed from 1.06% and

0.67% to 0.33% and 0.20% and their t-statistics shrank from 3.61 and 3.08 to 1.80 and 1.12,

respectively. In addition, the big size portfolio with natural BE/ME equity has also collapsed its
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intercept from -0.59% to -0.43%, but its t-statistic are still more than two standard errors from

zero. Considered individually, there is only one portfolio that has recorded to perform better

with CAPM than with the Fama and French three-factor model in explaining the expected return.

In principle, our goal is not to provide evidence for the individual results of all test portfolios,

but to capture their joint behavior and to determine whether the two explanatory factors, size

and book-to-market equity, capture most of the variation in the cross-section of average stock

returns in CEE region. The joint test for the intercepts, GRS, in the Fama and French three-factor

model does not reject the null hypothesis that all intercepts are jointly zero at a 95% significance

level. The statistic improved significantly from 3.29 in CAPM to 1.94 in the three-factor model.

Nevertheless, the model is rejected on the 90% significance level, hence suggesting necessary

observation when comparison of the two models is provided. The average absolute value of the

intercepts improved in the three-factor model from 0.37% to 0.24%. It is not unlikely that this

percentage is not trivial. It suggest that some variation across assets can not be captured by the

model. Another improvement of the three-factor model is the enhancement of the R  and the

average standard errors of the intercepts. Four portfolios produce an R 2 higher than 90% and the 

smallest is 83%. The average R 2 of all 9 regressions has improved from 80% in the CAPM to 

89% in the Fama and French three-factor model and the average standard error of the intercepts

decreased from 0.23 to 0.18. The Sharpe ratio for the intercepts also produced better results in

the three-factor model and declined from 0.47 to 0.38.

We can confirm that Fama and French three-factor model is a greatly superior model to the

CAPM in explaining the variation in expected return across assets traded in financial markets

in the CEE region. Thus, size and book-to-market equity explain significant portions of the

variation in the average stock returns. Although the three-factor model does not reject the GRS

test at a 95% significance level, the average absolute value of the intercept suggests the existence
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Table 4.5
Summary statistics for regressions on portfolios sorts on size and BE/ME 
to: July 2005 to June 2016

GRS |a | R2 s(a) S R (a)

CAPM 3.29 0.37 0.80 0.23 0.47
Fama-French three-factor model 1.94 0.24 0.89 0.18 0.38

The regressions use the CAPM and Fama-French three-factor models to explain the returns on stocks in CEE portfolios formed on size and 
BE/ME. The G R S  statistic tests whether all intercepts in a set of 9 (3x3) regressions are zero; |a | is the average absolute intercept for a set of 
regressions; R 2 is the average adjusted R 2; s(a ) is the average standard error of the intercepts; and S R (a) is the Sharpe ratio for the intercepts. 
With 9 portfolios and 144 monthly returns, critical values of the G R S  statistic for the models are: 90%: 1.68; 95%: 1.96; 97.5%: 2.22 and 
99%: 2.56.

of other risk factors that are omitted by the Fama and French three-factor model. Moreover, the

inconsistency in the value premium shows that the Fama and French three-factor model delivers

somewhat weaker results in the CEE region than the results found using similar approach in the

United States setting. This should induce further researches to focus on other factors that explain

variation in average stock returns in the CEE region.
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D iscussion

In this section of the thesis we discuss the results of the research, as well as potential biases

associated with the data collected for this study.

We observed data consisting of monthly stocks prices from 12 countries in the CEE region

as part of a single market for the period between July 2004 and June 2016 and show that small

and value stocks outperform big and growth stocks. Indeed, these countries today are part of a

single integrated market (the European Union Common Market) but not all of the markets were

members of the European Union during the whole period of our research. In fact, a majority

of the countries covered by this analysis were accepted by the European Union on May 2004,

with the exception of Austria that has been a member of the EU since 1995, but Bulgaria and

Romania were accepted in 2007 and Croatia in 2013. On one hand, it is of particular interest to

study the asset pricing factors in a fairly new integrated region, but on the other hand this brings

its own challenges. In particular, each individual market has its own specific characteristics

with varying levels of economic development. For this reason, one may argue that we have not

accounted for the differences between the individual markets. As a result, the local markets have

a high impact on the capital transfer within these markets which implies having different levels

of firms' market capitalization among more developed and less developed markets which leads to
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our portfolios being unbalanced. For example, Bulgarian stocks are the second most numerous

stocks in our sample with the yearly market capitalization between 1.8 bn and 5.3 bn euros for

the period between 2005 and 2016. This makes Bulgaria the country with the smallest stocks

in our sample and therefore it is not unlikely to assume that many of the Bulgarian stocks are

sorted as small stocks. Given this observation, a stock can be big when observed at the nation's

market level, whereas the same stock might be considered small when observed at regional level.

Nevertheless, we believe that the more these countries integrate in the CEE region, the easier

the capital transfers within the countries will become. This thesis considers all 12 markets as

part of single market regardless of the differences between the countries.

The data set used in this study is not adjusted for survivorship bias. To test our hypotheses

we formed different portfolios of stocks. The numbers of portfolios is important especially when

we test our third hypothesis, which shows that factor-mimicking portfolios, SMB and HML,

formed on size and book-to-market equity explain variation in returns across different portfolios.

Fama and French (1996) use the three-factor model to perform the test on 25 different portfolios

using data from US stock exchanges but with our limited data available we formed only nine test

portfolios. Adjusting the stocks in our data set for survivorship bias would most likely reduce

the number of stocks available and impede our attempt to test the model in the CEE region. We

agree that this is a relevant issue but also believe that it will be easily overcome in future studies.

Another concern associated with the results of our study is the availability of stock prices

related to the stock trading (liquidity). It is well know that the local markets in the CEE region

share the same difficulties of trading volume with the emerging markets. It may occur that stocks

in some stock exchanges are not traded for a certain period of time and therefore returns are not

available. Lischewski and Voronkova (2012) approached the liquidity risk of the most developed

market in the CEE region (the Polish market) with different liquidity measures and concluded
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that liquidity risk is less relevant. Nevertheless, the majority of the countries in our sample do

not have stock markets as well developed as the Polish stock market. Therefore, we note that this

may be a relevant issue which is not addressed in our research.

Last but not least, transaction costs are considered to be an important issue in the stock

returns in the CEE countries. In the study of Zaremba and Konieczka (2015), they found that

the size premium was eliminated after they account for transaction costs and liquidity. Our study

does not address the impact of the transaction costs in the size and value premium.

Finally, bearing in mind all the caveats we have listed here about the countries and stock

returns in the CEE region, we note that our results should be interpreted with caution. Nevertheless,

we believe that our approach provides valuable regional evidence of the size and value effect

in stock returns which can be relevant for both institutional and individual investors in their

decision-making process for investing their capital in this region.
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C onclus ion

The first and most famous model in modern finance that has been used in asset pricing is the

capital asset pricing model (CAPM). The model is also called a single-factor model because

of its use of only one factor when pricing an asset: excess market return. Ever since its first

development and use, the model challenged many researchers to determine wherher it was

fundamentally robust and accurate. Although the theory suggests that all individual assets should

be priced solely using the market factor, the empirical evidence in the last five decades has

provided empirical findings to the contrary. Many studies have emerged that criticize the capital

asset pricing model, which empirically reject the significance of the excess market return as

the only factor in explaining the variation in prices of different assets. Moreover, authors have

found that the prices of assets are driven by many different factors. Harvey et al. (2016), for

example, collected and analyzed over 600 studies that propose and test new factors and discovered

316 factors that attempt to explain the cross-section of expected return. In general, the most

prominent factors that seem to have an important role in asset pricing besides the market return,

are the size of the company, measured by its market capitalization, and the book-to-market equity.

The critics of the efficiency of the CAPM were firstly documented in the United States. With a

series of publications in the early nineties, Fama and French proposed the three-factor model,
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which includes the company's size and book-to-market ratio in addition to the market excess

return. Since then the famous Fama and French three-factor model has been widely applied in

many business models in the financial industry and at the same time is taught in the curricula

of many academic programs in finance and business around the world. The model indicates

that two other variables, formed as mimicking-factor portfolios based on market capitalization

and book-to-market equity, help to capture the size and the value effects in stock returns, thus

criticizing the efficiency of the CAPM and its focus on a single variable.

Although, the model is widely used in the Unites States its application is not very common

in the CEE region (Zaremba 2015). There is considerably less evidence for the size and value

premiums in the CEE region relative to the evidence available in the Unites States and other

developed markets. The evidence of this thesis provides a contribution in terms of filling

out the gap in the literature in this area of research, and extends this line of inquiry into an

under-researched area in Central and Eastern Europe. We utilize the Fama and French three-factor

model in the CEE region and report that the size premium - the average risk premium for the size

factor - is large in both economical and statistical terms. The average SMB reports a monthly size

premium of 0.50% (6% per year) with a t-statistic of 2.19 and confirms our first hypothesis that

in the CEE region the small stocks, on average, outperform the big stocks. Similarly, our study

documents a large value premium and therefore confirms our second hypothesis. In particular,

value stocks, on average, outperform the growth stocks in the CEE region. The average HML

is slightly lower than the SMB and is 0.46% per month (about 5.5% per year) but it is also

statistically significant with a t-statistic of 2.25. Most importantly, we found that the value

premium is mainly driven by the small stocks. The average HML for small stocks is 0.66% with

t-statistic of 2.58 whereas the average HML for big stocks reported 0.26% but with t-statistic

only 0.96. We recorded that small-value stocks have on average outperformed the big-value
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stocks by almost threefold.

Regardless of the concerns described in Chapter 5, we opt to provide tests of the Fama and

French three-factor model. To the best of our knowledge not many tests were performed to

question its capacity to capture the variation in average returns across the portfolios in the CEE

region. Unlike the Fama and French approach, in which 25 test portfolios were formed, the

problem with data availability is highly present in the countries from the CEE region and therefore

we created 9 test portfolios. Nevertheless, we report clear patterns in the size coefficients, but

it is only partially true when HML coefficients are observed. The joint test for the intercepts,

Gibbons-Ross-Shanken (GRS), does not reject the null hypothesis that all intercepts are jointly

zero at a 95% significance level. Moreover, its statistics improved significantly relative to the

CAPM, from 3.29 to 1.94. However, it is very important to emphasize that although the model

does not reject the GRS test with 95% it does reject at a lower significance level. Thus, our

third hypothesis cannot be completely shown to hold. In essence, we provide evidence that the

factor-mimicking portfolios formed on size and book-to-market equity together with the excess

market return are not the only state variables that explains variation in average returns across the

portfolios.
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