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Abstract

The paper extends the evidence on the factors relevant for pricing stock returns in

the emerging markets. By focusing on the largest and most developed of the Central

and Eastern European markets, we aim to fill in a gap in the asset pricing literature and

draw attention to these previously overlooked markets. We therefore provide out-of-

sample evidence on some of the established as well as more recent asset pricing factors.

Besides analyzing the importance of the most prominent risk-factors: market, size and

book-to-market value, we investigate whether liquidity is priced on the Polish market.

An extensive body of empirical literature points out the importance of liquidity as a

risk factor. We contribute to this strand of literature by providing a cross-sectional

time-series analysis for an emerging market. We take advantage of a hand-collected

dataset covering the longest period studied so far in case of the Polish stock market

and which enables us to be the first to analyze stock-specific risk factors on the Polish

market. Our results support existing evidence for developed markets with regard to the

market, size, and book-to-market factor. However, we fail to find convincing evidence

in favour of the liquidity risk premium in this market. This result is robust across

various liquidity measures and time periods.
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1 Introduction

There is substantial empirical evidence that stock returns can be better explained by a com-

bination of risk factors rather than by a single-factor model. Starting in the late seventies

and early eighties a number of factors contributing to the explanation of the cross-section

of average returns have been detected. These include size (Banz (1981), Reingaum (1981),

Keim (1983), Fama and French (1992)), price-earnings ratio (Basu (1977), Reingaum (1981))

and momentum effect (Jagadeesh and Titman (1993), Brennan et al. (1998)). The seminal

studies by Fama and French (1992, 1993, 1998) show that a combination of size and book-

to-market effect is better able to capture the cross-section of stock returns than the market

beta alone. The results of these studies have not remained uncontested, with a number

of papers suggesting explanations behind the size and book-to-market factors (Llewellen

(1999); Ferson and Harvey (1999); Liew and Vassalou (2000)) and extensions to the original

Fama-French three-factor model. In particular, the seminal paper of Amihud and Mendelson

(1986) paved the way to numerous studies suggesting that liquidity may be the relevant fac-

tor that explains stock returns after the three Fama-French factors have been accounted for.

The rationale behind is that illiquidity can be measured as costs of immediate execution and

an investor willing to transact at a favourable price faces a trade-off: he may either wait to

transact at a favourable price or insist to execute a transaction immediately at a current bid

or ask price (Amihud and Mendelson (1986)). Transaction costs therefore represent a cash

outflow that reduces future returns. Additionally, Glosten and Milgrom (1985) and Bren-

nan and Subrahmanyam (1996) note that a primary cause of illiquidity in financial markets

is the adverse selection, which arises from the presence of informed traders. If a marginal

investor is uninformed, he may demand higher rates of return when the adverse selection

problem is more severe. A substantial body of the literature exists that confirms the pres-

ence of liquidity effect on the US stock market (Amihud and Mendelson (1986), Brennan

and Subrahmanyam (1996), Haugen and Baker (1996), Chalmers and Kadlec (1998), Datar

et al. (1998), Brennan et al. (1998), Jones (2002), Chordia et al. (2001), Amihud (2002), Liu

(2006) and Garleanu (2009)).

To date, the empirical studies attempting to explain of stock returns have concentrated

on the more developed markets, such as US, UK, Japan, and Germany (Fama and French

(1992, 1993, 1998); Griffin (2002); Schrimpf et al. (2007); Bauer et al. (2008); Hyde and

Sherif (2009)). The few papers considering emerging markets either omitted Central and

1



Easter European emerging markets altogether or included only very limited sets of data. To

a large extent the available international evidence confirms that other factors in addition

to the market factor play a role in explaining stock returns. In this paper we expand the

evidence on the factors affecting average stock returns by examining the returns on an im-

portant yet previously unexplored emerging market, the Polish stock market.

The Polish stock market is the largest in terms of market capitalization and number of

listed securities in the Central and Eastern Europe (CEE) and can also be deemed the most

sophisticated. It therefore provides sufficient data for conducting asset pricing tests. Addi-

tionally, the institutional characteristics of this market, such as presence of a large number

of small firms as opposed to a large number of medium-size and large firms on developed

markets provides an interesting backdrop for testing what has become an established model.

Finally, Bekaert et al. (2007) point out that liquidity risk is particularly important for the

less sophisticated markets where the number of both securities and investors is scarce. We

test this claim using the data of an important emerging market.

We use a hand-collected and carefully compiled dataset on Polish equities. This allows us to

ensure that the dataset is representative of the entire stock market and free from a selection

and survivorship biases. The present paper contributes to the literature in several ways.

Firstly, Central and Eastern European markets have been certainly under-investigated by

previous studies. This paper fills this gap by providing evidence on pricing of market, size,

value and liquidity factors in the largest and most developed of the CEE markets, the Polish

stock market. Up to our knowledge, ours is the first paper to formally investigate which

risk factor(s) help(s) to explain Polish stock returns. Secondly, when we study the impor-

tance of liquidity, we address the issue pointed out by Subrahmanyam (2009) and Liu (2006)

about the robustness of the results to different controls for risk. We therefore use several

measures of liquidity to confirm our findings with regard to this factor. Such an approach

may also help to identify which aspects of liquidity may have more prominence for asset

pricing. Methodologically, we rely on a pooled cross-sectional time-series estimation with

Newey-West standard errors. We apply the single-factor CAPM model and the three-factor

Fama and French (1993) model both with and without the liquidity factor. Our findings will

therefore provide additional evidence on the extent and significance of the size, and value

premiums on the international markets and in addition give an insight into the importance

of the liquidity factor in an important emerging market.
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Our preliminary findings indicate that market factor, size factor and value factor play an

important role in explaining returns of the Polish stocks. However, despite the significance

of these factors and the expected direction of their effect, they do not fully explain returns

on the Polish stock market. Contrary to our expectations, we do not find evidence that the

liquidity factor helps to improve the explanatory power of the three-factor model. The latter

result is robust across various measures of liquidity and different estimation time periods.

The structure of the paper is as follows. Section 2 reviews the literature on the risk factors in

emerging stock markets. Section 3 describes the data used and construction of the portfolio

returns, liquidity measures and factor portfolio returns. Section 4 presents the methodol-

ogy used in the paper. Section 5 describes the empirical results. Finally, Section 6 offers

summary of the estimation results and based on them conclusions.

2 Literature Review

Several papers have investigated the factors explaining stock returns in emerging markets.

Claessens and Dasgupta (1995) study the cross-section of stock returns in twenty emerging

markets over the period 1986-1993. They find that in addition to the market beta, size

and trading volume have significant explanatory power in a number of markets, albeit with

an opposite size to the one found for the developed markets. Namely, the sign for the

size factor and liquidity factor is found to be positive, while the sign of the value factor

is found to be negative. The authors suggest that the reverse size and liquidity effects

could have been driven by larger capital raising possibilities available to large companies

in these markets, due to higher interest of foreign investors in the large stocks, availability

of domestic government-subsidized credit or lower-cost international financing. In addition,

the authors find that dividend yield, price-earning rations and exchange rates are important

in case of some of the studied markets. It should be pointed out, however, that the sample

used in this paper includes only 96 monthly observations and a low number of stocks per

country. The number of stocks per country ranges from as low as 22 to 137. Rouwenhorst

(1999) studies a somewhat longer period from 1982 to 1997. Contrary to Claessens and

Dasgupta (1995) he finds that the stock returns in emerging markets can be explained by

the same factors as the returns in the developed markets. Namely, he finds that small

stocks outperform large stocks and value stocks outperform growth stocks. They do not
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find, however, that liquidity, as measured by stock turnover, affects average stock returns in

the studied emerging markets. Interestingly, the authors document a turnover pattern in the

stock portfolios: stocks with high beta, small market capitalization, high past medium-term

return or high book-to-market value display higher turnover than stocks with low beta, large

market capitalization, and poor past performance or low book-to-market ratio.

Fama and French (1998) investigate whether value premium exists in the markets outside of

the US. In addition to thirteen developed markets, they also study returns from the sixteen

developing markets over the period 1987-1995. Due to a relatively short sample period and

a low number of stocks for emerging markets, Fama and French do not conduct asset pricing

tests for these markets, but instead base their inferences on the size of the return difference

between the of high and low value stocks. They find that the average difference between

annual returns on the high and low book-to-market portfolios for all countries is nearly

17% when countries are value-weighted and 14% when they are equally-weighted. Barry,

Goldreyer, Lockwood and Rodriguez (2002) study the robustness of both the size and value

effects in emerging markets. They investigate thirty-five emerging markets over the period

1985-2000. They confirm the earlier results of Rouwenhorst (1999) about the presence of the

value effect. However, the size effect in their sample depends on the inclusion of the extreme

size values and on the method applied to calculate the size. The size effect persists when

size is defined relatively to the overall market average, but it vanishes when the absolute

firm size is included. In contrast to Barry et al. (2002), Wang and Xu (2004) find that

the book-to-market factor does not play a role for explaining returns of the A-class shares

on the Chinese stock market, at least during the period 1990-2002. They do find that size

and free float help to improve the explanatory power of the market model. Finally, van

der Hart, Slagter and van Dijk (2003) find evidence in favour of size and value effects in

internationally diversified stock portfolios but weaker evidence of these effects for individual

country portfolios.

However, with the exception of van der Hart et al. (2003) and Barry et al. (2002) none of the

papers mentioned above include Central and Eastern European stock markets. And even in

the latter two studies the time period of these data is less than eight years. Baring in mind

the short sample period and low number of securities, it is doubtful that accurate inferences

regarding the asset pricing factors can be made. Therefore the authors had to combine the

stocks from all emerging markets to construct the size and value portfolios with sufficiently
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large number of stocks. However, such an approach does not allow making inferences about

factors that matter in case of a particular emerging market.

Another drawback of the papers mentioned above is that none of them except of Rouwenhorst

(1999) and Claessens and Dasgupta (1995) has explicitly considered the role of liquidity

in explaining emerging market stock returns. Since the seminal papers by Amihud and

Mendelson (1986) and Brennan and Subrahmanyam (1996) a number of studies investigated

the importance of liquidity as a risk factor for asset prices. At least two explanations

in favour of an impact of liquidity on asset pricing exist. Brennan and Subrahmanyam

(1996) note that a primary cause of illiquidity in financial markets is the adverse selection

which arises from the presence of informed traders. They argue that liquidity effects of

asymmetric information are most likely to be captured in the price impact of trade. The

second explanation arises from the discounted cash flow model: transaction costs represent

a cash outflow that reduces future returns. Amihud (2002) argues that illiquidity helps

to explain part of the ”small firm effect”. Since illiquidity affects small firm stocks more

strongly, in times of dire liquidity there is a ”flight to liquidity” that makes large stocks

relatively more attractive. Small stocks are subjects to greater liquidity risks and should

therefore offer higher illiquidity risk premium. Sadka (2006) finds that a liquidity factor

helps to explain part of the momentum and post-earnings announcement drift anomalies.

The studies of liquidity effect are mostly conducted using US stock returns. These include,

but limited to: Haugen and Baker (1996), Chalmers and Kadlec (1998), Datar et al. (1998),

Brennan et al. (1998), Jones (2002), Chordia et al. (2001), Amihud (2002), Liu (2006) and

Garleanu (2009). Evidence on the pricing of liquidity risk in international markets is provided

by Amihud et al. (1997) for Tel-Aviv Stock Exchange, Hu (1997) for Tokyo Stock Exchange,

Marcelo and del Mar Miralles Quiros (2006) for Madrid stock Exchange and Chan and Faff

(2005) for the Australian stock market.

Bekaert et al. (2007) point out that liquidity risk is particularly important for the less

sophisticated markets where the number of both securities and investors is scarce. Bekaert

et al. (2007) find that in Latin American and Southeast Asian emerging stock markets

liquidity is a priced factor and its importance has not changed after the liberalization. The

authors find that unexpected liquidity shocks are positively correlated with contemporaneous

return shocks and are negatively correlated with the dividend yield. However, neither Bekaert

et al. (2007) nor Rouwenhorst (1999) nor Claessens and Dasgupta (1995) include any Central
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European stock market in their sample. This is another gap that the present paper aims to

fill.

3 Data

Our dataset consists of all domestic stocks traded on the WSE from January 1996 to March

2009. Daily data on prices, dividends, market capitalization and book value was collected

from the daily bulletin published by the WSE, ”Cedu la”. Data on trading volume and

turnover was sourced from the online stock exchange information portal GPW-InfoStrefa

(www.gpwinfostrefa.pl). To adjust for stock splits and right issues we collected correspond-

ing information from the Polish National Depositary for Securities (www.kdpw.com.pl). This

unique hand-collected and carefully assembled dataset allows us to be the first to profoundly

investigate asset pricing on the Polish stock market. The daily data is used to calculate dif-

ferent liquidity measures. The derived monthly dataset forms the basis for the asset pricing

analysis.

After the breakdown of the communist era trading on the WSE started in 1991 with five

listed companies traded at one auction per week. The number of traded stocks continuously

grew and in 1994 trading started to take place on a daily basis. Two years later a continuous

trading platform was introduced, bearing a minimum trade size requirement. Only the most

liquid stocks were gradually introduced into the continuous trading system, while they were

still traded on the action system as well. The WSE counted 83 listed stocks at the end of

1996. With the launch of the Warsaw Stock Exchange Trading System (WARSET) in 2000

liquid stocks were taken out of the auction system, so that shares were traded either in the

call auction or in the continuous trading system. The required minimum trade size in the

continuous trading system was dropped. Due to the WARSET traders obtained a better op-

portunity to follow the order book and to transfer and execute orders faster. In addition, the

trading sessions have been prolongued and the importance of the continuous trading system

grew further. After the introduction of WARSET shares traded on the continuous trading

system accounted for more than 98% of the total turnover (WSE FactBooks). Until 2009 the

number of traded shares by month was continuously increasing. Since 2007 more than 250

shares were traded on the WSE each month. The starting date of our sample is stipulated by

the need to ensure that the average number of stocks in the subsequently-formed portfolios
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is larger than ten. A minimum of 64 observations per month in 1996 provide a solid basis

for a reasonable sorting.

Liquidity can be defined as the difficulty of converting cash into assets and assets into cash.

It has several dimensions: immediacy, transaction costs and price impact. Liquidity is an

illusive concept which allows no single measure. Therefore, a number of liquidity measures

have been proposed, capturing diverse aspects of liquidity. These include measures on bid-

ask spread (Amihud and Mendelson (1986)), turnover- and volume (Brennan et al. (1998)),

price impact (Amihud (2002)) and zero return (Lesmond (2005); Bekaert et al. (2007)). To

account for the various aspects of liquidity, we therefore use several liquidity measures, which

are described in more detail below.

Lesmond et al. (1999) propose two versions of zero return measures. They use the simple

proportion of days with zero returns to proxy liquidity. This measure helps to overcome

the problem of data availability associated with the calculation of transaction costs. They

propose to estimate transaction costs by means of calculating the proportion of zero returns

over a given period of time. Their rationale is that informed investors trade only when a

trade is profitable after transaction costs have been accounted for. That is, if the value of

the information does not exceed the costs of trading, then the informed investor will not

trade, causing a zero return. A security with high transaction costs will have less frequent

price movements and more zero returns than a security with low transaction costs. This

approach is rooted in the adverse selection framework of Glosten and Milgrom (1985) and

Kyle (1985). We refer to the zero return measure of Lesmond et al. (1999) with LIQ Zero.

Stocks featuring high transaction costs are also likely to have zero returns, even on positive-

volume-days, since they most likely have no information-relevation. Therefore, Lesmond

et al. (1999) propose an alternative zero return measure, which takes only those trading

days with zero returns into account, which have a positive volume at the same time. This

measure is also used in Bekaert et al. (2007). Subsequently, LIQ Zero2 refers to this measure.

Turnover is one of the frequently used measures of liquidity (Lesmond (2005); Rouwenhorst

(1999); Datar et al. (1998); Haugen and Baker (1996)). Constantinides (1986) proves theo-

retically that investors react to higher trading costs by reducing the frequency and volume

of their trades, which results in lower turnover. Thus, turnover allows us to capture average

trading costs over the cross-section of trade sizes whereas quoted bid-ask spread measures

the cost of a round-trip small size transaction. Amihud and Mendelson (1986) find that
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turnover is negatively related to illiquidity costs. Atkins and Dyl (1997) find that there is

a negative relationship between the reciprocal of turnover (measuring holding period) and

bid-ask spread. Cross-sectionally, stock returns are decreasing in stock turnover, which is

consistent with a negative relationship between liquidity and expected return (Haugen and

Baker (1996); Datar et al. (1998); Rouwenhorst (1999); Chordia et al. (2001)). We use the

measure by Lesmond (2005) in order to capture the turnover-dimension of liquidity. We

define monthly turnover measure as a ratio of daily trading volume to the number of shares

outstanding on a given day, summed over the trading days in a given month. We denote

this measure as LIQ Les.

Another liquidity measure, referring to the number of zero daily volumes in the prior x

months and to turnover at the same time, is suggested by Liu (2006). In addition, the

measure adjusts for a varying number of trading months across months, which provides a

solid comparability over time. Since the Liu measure (denoted as LIQ Liu below) is based

on trading volume data of the prior x months, the sample size will be reduced depending on

x. Since we are facing an emerging market dataset, we are restricted in this respect. Thus,

we decided to calculate the LIQ Liu for 6 rather than 12 months.

Amihud (2002) develops an illiquidity ratio which is defined as the ratio of absolute return

to volume. The intuition for this measure is that liquid securities can accommodate large

trading volumes with small price concessions. Below, we name this measure LIQ Amh. Since

average liquidity varies considerably over the years, LIQ Amh is replaced in the estimation

of the cross-section model by its mean-adjusted value (LIQ AmhMA).

Since the Amihud ratio often exhibits extreme values, we also use a rescaled version sug-

gested by Hasbrouck (2005), which is defined as the average of the square root of daily ratios,

subsequently LIQ AmhSqr.

An alternative to account for extreme values of the Amihud measure is proposed by Cooper

et al. (1985). They transform the daily values of the measure before averaging by calculating

a logarithm. We refer to this measure by LIQ AmhLog.

Roll (1984) suggests to use the effective spread estimator in order to measure liquidity. We

compute the effective spread as 2
√
−cov∆pt,∆pt−1 , where ∆pt and ∆pt−1 denote the first

difference in log opening prices on day t and t − 1 respectively. In the following, the Roll

(1984) measure is indicated by LIQ Roll.

In literature, a modified version of LIQ Roll is used, which takes into account that data
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might feature positive covariances. In cases when the covariance is positive the measure is

defined as zero. We refer to this alternative measure as LIQ Roll2. Table 1 gives an insight

into the descriptive statistics of the calculated illiquidity measures.

Table 1 about here

In order to examine whether size, book-to-market or liquidity effects are present on the

Polish stock market we construct the size (SMB) and book-to-market (HML) factors along

the lines of Fama and French (1992, 1993) as well as an additional liquidity factor. We form

three portfolios on book-to-market ratio and two on size. The decision to form more book-

to-market than size portfolios is stipulated by the evidence from Fama and French (1992)

about a stronger role of the book-to-market factor in average stock returns.

In June of each year t we sort the stocks according to size and book-to-market equity. The

size sort relies on market equity measured at the end of June. The book-to-market sort is

based on market values of December of the previous year and the book values of the previous

fiscal years ending. In Poland the corresponding book values are published by March of year

t1. Following Fama and French (1993), companies with a negative book value are excluded

from the sample. The size portfolios are split into small (S) and big (B) according to the me-

dian market value. We sort stocks into the three book-to-market portfolios low (L), medium

(M) and high (H) according to the 3rd and 6th deciles of the ranked book-to-market values.

From the intersection of the relevant size and BE/ME deciles we construct six portfolios:

S/L, S/M, S/H, B/L, B/M, B/H. We then calculate monthly value-weighted returns on the

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

portfolios are re-formed again based on the new values of the market and book equity.

In order to investigate possible liquidity-effects we use illiquidity-ratios to portion the stocks

into portfolios containing illiquid (I) and very liquid (V) stocks. We sort the stocks into the

portfolios according to the average of each of the previously presented illiquidity measures

across all stocks in a given year. The SMB (small minus big) factor, which mimics the risk

factor in returns related to size, is calculated as the difference between the averages of the

monthly returns on the three small (S/L, S/M, S/H) and the three big (B/L, B/M, B/H)

1In less than 1% of cases we do not have access to the book values of the fiscal year ending in March. In

those cases we use the values published in December of the fiscal year. Those values most likely refer to the

book values of September of the previous year.
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size portfolios. The returns on the HML (high minus low) risk factor are correspondingly the

difference between the simple average of the monthly returns on the two high-BE/ME (S/H,

B/H) and the two low-BE/ME (S/L, B/L) portfolios. The IMV (illiquid minus very liquid)

factor, mimicking the risk factor in returns in relation to liquidity, is the difference between

the simple average of the monthly returns on the difference of illiquid (I/L/S, I/M/S, I/H/S,

I/L/B, I/M/B, I/H/B) and very liquid stocks (V/L/S, V/M/S, V/H/S, V/L/B, V/M/B,

V/H/B).

The proxy for the market factor is the excess market return rmt = Rmt−Rft. The WSE main

market index WIG serves as a proxy for market portfolio, and the three-month Treasury bill

rate is used as risk-free rate2. The data on WIG and on Treasury bill rate were collected from

the Datastream Thomson Reuters and Global Financial Data (www.globalfinancialdata.com)

respectively.

Panel A of Table 2 presents selected descriptive statistics of the three Fama-French factor

portfolio returns and returns on the liquidity factor portfolio, which have been formed ac-

cording to the ten liquidity measures described earlier in this section. The distribution of

the monthly market excess return has a negative mean return of -0.0055 and is negatively

skewed. This may be explained by the fact that in a number of years the Polish stock

market has shown negative and sometimes very large negative returns. The main stock ex-

change index, WIG had returns of -12.80% in 1998, -21.99% in 2001 and -51.07% in 2008

(www.gpw.pl/zrodla/informacje gieldowe/statystyki/Gpwspl.html). The standard deviation

confirms the high volatility in the market excess returns. The market return distribution

has excess kurtosis of about 5.5.

The statistics presented in Panel A of Table 2 confirm the presence of the size (SMB) and

value (HML) premiums in the Polish stock market. The returns on the SMB and HML

portfolios are both positive, with the value premium of 1.24% being somewhat higher than

the size premium of 1.06%. Similar results have been reported by Rouwenhorst (1999) for

other emerging markets. This suggests that those risk premiums on emerging markets are

similar to the ones documented for the developed markets (Fama and French (1993)). When

we turn to the liquidity risk premiums, we observe that with the exception of two liquid-

ity measures (zero returns measure (LIQ Zero) and turnover-based measure (LIQ Les)) the

2We use the three-month Treasury bill rate as opposed to the one-month rate due to a large number of

missing values in the series of one-month Treasury bill rates.

10



liquidity risk premiums are also positive, although in the majority of cases they are smaller

than the magnitude of either size or value risk premiums. Panel B of Table 2 shows the cor-

relation coefficients among the risk factors. With all but two correlation coefficients being

well below 0.5, we do not detect any overly high values of the correlation coefficients that

may give rise to concerns about a multicollinearity problem.

Table 2 about here

Table 3 presents mean returns for the six size and book-to-market portfolios. The table

shows that the small stocks outperform large stocks for all the three value categories. In

addition, the descriptive statistics show that value stocks (stocks with high book-to-market

values) outperform growth stocks (stocks with low book-to-market values). Average returns

on Polish stocks were highest in the small value category (S/H) and lowest in the large

growth category (B/L). This finding is in line with the one reported in Barry et al. (2002)

for other emerging markets.

Table 3 about here

4 Methodology

In order to investigate the role of the diverse factors on asset pricing on the Polish market

we employ four alternative pricing models and pursue a stepwise approach. The estimations

can be partitioned in two main sections. We start analyzing the effect of the Fama-French

factors on asset pricing. We sort the data according to size and book-to-market values into

six portfolios and estimate the standard-CAPM:

rjt = αj + βjmrmt + εjt. (1)

Thereafter we extend the model with the SMB and HML factors:

rjt = αj + βjmrmt + βjsmbSMBt + βjhmlHMLt + ηjt. (2)

This allows us to investigate whether size and book-to-market value are priced factors on the

emerging Polish stock market. In order to analyze the influence of liquidity on asset pricing

we sort the stocks into five liquidity-portfolios and estimate models (1) and (2) again for

each of the portfolios. Following, both models are extended by the IMV-factor:
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rjt = αj + βjmrmt + βjimvIMVt + ujt (3)

rjt = αj + βjmrmt + βjsmbSMBt + βjhmlHMLt + βjimvIMVt + νjt. (4)

Where rjt is the excess return on portfolio j, rmt is the excess market return, SMBt is the

mimicking portfolio for the size factor, HMLt is the mimicking portfolio for the book-to-

market factor, IMVt is the mimicking portfolio for the illiquidity factor, αj is the intercept of

portfolio j and βjm, βjsmb, βjhml, βjimv are the sensitivities to the risk factors. We estimate the

models using the pooled cross-section time-series OLS estimator with Newey-West standard

errors with 6 lags to account for heteroskedasticity and autocorrelation in the returns.

The number of stocks traded on the WSE is substantially smaller than that on developed

markets. To ensure that the number of stocks in each portfolio j is not less than ten in any

given month, we construct a smaller number of portfolios than the conventional twenty five

or sixteen adopted in the studies of expected returns on developed stock markets.

5 Empirical Findings

We analyze the standard CAPM and the Fama-French three-factor model within a time-

series context for each of the six combined size and book-to-market portfolios. The objective

of this approach is to investigate the role of the different risk factors on asset pricing on the

Polish stock market. Table 4 reports the estimation results across the six portfolios and the

two risk-specifications. The results for the standard CAPM indicate that the risk-adjusted

average returns, i.e. the intercept αj of the regressions, are significantly different from zero

for each of the analyzed portfolios. The majority of intercepts are significantly positive, sug-

gesting a positive risk-premium for the stocks of the respective portfolios. Only the portfolio

containing stocks with a high market value and a low book-to-market value (B/L) shows a

significantly negative alpha. A comparison of the estimated alphas suggests that size and

book-to-market factors influence the risk-adjusted average return. The coefficients’ magni-

tudes increase in book-to-market value and decrease in size. Thus, the results suggest that

stocks featuring a higher book-to-market value are characterized by higher risk-premia, and

big stocks typically have a lower risk-premium than small stocks. The estimated betas of

the standard CAPM are all positive and significantly different from zero.

In oder to verify whether size and book-to-market are influencing the risk-premia on the

Polish market we estimate three factor models for the above portfolios. A decrease in the
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magnitudes of the αj in comparison to the intercepts of the standard CAPM indicates an

existing influence. The right-hand-side of Table 4 reports the Newey-West estimation results

for the Fama-French model. With the exception of the portfolio B/L, for which we found a

significantly negative alpha in the standard CAPM, the magnitudes of the alpha-coefficients

are indeed lower than those of the standard CAPM. The increase of the alpha coefficient in

book-to-market and the decrease in size is only present if one abstracts away from the portfo-

lios with medium book-to-market value. Thus, including the size and book-to-market factors

in the model reduces the strength of the relation between the intercepts of the portfolios in

terms of size and book-to-market. This indicates that the corresponding factors do influence

stock pricing in Poland. The beta of the Fama-French model is positive and significant, as

it was the case in the standard CAPM. The estimated coefficients of the additional factors

are significant for each portfolio. However, the alphas are still significantly different from

zero. Thus, the results of the Fama-French model suggest that there must be another factor

which influences the risk-adjusted average return on the Polish market.

Table 4 about here

Recent literature shows that liquidity may play a role as a priced factor. In order to ana-

lyze whether liquidity is the risk factor explaining the remaining non-explained risk-adjusted

average return, we sort the stocks into five illiquidity portfolios3. We estimate the standard

CAPM, the Fama-French model and both risk-specifications augmented by the liquidity fac-

tor IMV for each of the five portfolios. Table 5 gives an overview of the estimated alphas for

the different risk-specifications and across the illiquidity portfolios, where P1 indicates the

portfolio containing very liquid stocks, and P5 indicates the the portfolio with stocks featur-

ing high illiquidity. In contrast to the previous results, the estimated alphas of the standard

CAPM model are not significantly different from zero for the vast majority of portfolios. In

case of the Fama-French model, 30% of portfolios show significant alphas. A comparison

with estimation results in table 4 and 5 shows that the factor according to which the portfo-

lios are sorted significnatly influences the estimation results. This applies especially for the

3Due to a low variability in the liquidity measures LIQ ZeroA and LIQ Roll2, the data could not be

sorted into five portfolios for some periods. Sorting the data into three portfolios solves this problem and

serves as a robustness-check. We find that the major results are not influenced by the number of portfolios.

The estimation results for three portfolios are available upon request.
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CAPM.

In order to test whether the estimated intercepts of the regressions for liquid and illiquid

stocks differ in magnitude, we perform difference-in-mean tests. Finding that portfolio P5

has a statistically significantly higher alpha than portfolio P1 should indicate in favour of

the liquidity premium on the Polish stock market, unexplained by market factor, size and

book-to-market factors (Pastor and Stambaugh (2003), Marcelo and del Mar Miralles Quiros

(2006)). The results show that the Null of equal coefficients may not be rejected for the vast

majority of illiquidity measures. In addition, we apply the test suggested by Gibbons et al.

(1989) (GRS-test) in order to analyze whether the intercepts of the portfolios are jointly zero.

Supporting our previous findings, the GRS-test results differ, depending on whether CAPM

or FF-based models are observed. The Null is rejected for the majority of liquidity-measures

for the Fama-French based models, whereas only the sorting according to zero-return mea-

sures leads to a rejection of the Null when CAPM models are observed. A comparison of

the estimation results in panel A and B with those of the corresponding liquidity-augmented

models in panels C and D reveals a similar structure of the results. The addition of the liq-

uidity factor does not have an influence on the estimation results. The number of significant

intercepts does not decrease significantly after adding the liquidity factor.

It should be pointed out that majority of the studies reviewed earlier use a single measure

of liquidity. Cooper et al. (1985), Khan and Baker (1993), Amihud et al. (1997), Acharya

and Pedersen (2005), Marcelo and del Mar Miralles Quiros (2006) and Kamara et al. (2008)

use the Amivest measure of liquidity or it’s inverse, the so-called Amihud measure; Haugen

and Baker (1996), Datar et al. (1998) and Rouwenhorst (1999) use turnover; Amihud and

Mendelson (1986), Eleswarapu and Reinganum (1993), Jacoby et al. (2000), and Chordia

et al. (2000) use versions of a bid-ask spread measure. Only a handful of studies use several

measures of liquidity (Atkins and Dyl (1997), Chordia et al. (2002)). This is a drawback,

which Liu (2006) and Subrahmanyam (2009) has been calling to address. Our results demon-

strate that it is important to rely on diverse measures of liquidity, since relying on a single

measure might push the results and derived from them conclusions into a direction which

might not be supported by other liquidity measures. This should especially be kept in mind,

since liquidity is an illusive concept and its measurement is a challenging task.

The estimation results show that the illiquidity factor does not influence the risk-adjusted

average return on the Polish market. Therefore, we conclude that liquidity is not a priced
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factor on the Polish market4. The significantly positive risk-adjusted average returns in the

Fama-French three factor model must therefore be due to another risk factor, giving room

for further research.

Table 5 about here

In terms of model performance it is worth pointing out that the lowest incidence of signifi-

cant unexplained excess returns as measured by alphas is documented in case of single-factor

and liquidity-augmented CAPM. The finding of superior performance of CAPM is not unique

to this paper. For example, Marcelo and del Mar Miralles Quiros (2006) find that liquidity-

augmented CAPM performs the best in case of Spanish stock market. Schrimpf et al. (2007)

also find that a version of conditional CAPM performs at least as well as conditional Fama-

French model and even outperforms the latter in case of some of the goodness-of-fit metrics.

6 Concluding Remarks

The empirical evidence of previous literature suggests that a number of factors may help

to explain the pattern of asset returns. This paper extends this evidence by studying the

return patterns of the largest and the most developed stock market in the Central and East-

ern Europe. Despite the size and significance of the Polish stock market in the region, up

to our knowledge, there have been no studies into risk factors affecting its stock returns.

The present paper investigates whether the factors that are found to be important for the

developed and other emerging markets also play a role for asset pricing in this market. In

particular, we investigate the relevance of the market, size, book-to-market and liquidity

factors. While the first three factors have been well-established in the empirical finance lit-

erature, the liquidity as a risk factor has been somewhat overlooked by the previous research

on emerging markets. This may potentially have important implications for making accurate

inferences with regard to asset pricing as liquidity is deemed to be particularly important

in the context of emerging markets where the number of securities, number of traders and

efficiency of trading mechanisms is likely to be lower than in the developed markets.

4We estimated the models for the following subsamples: 1996-2001 and 2002-2008 and we find that the

results are robust.
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We use a hand-collected and carefully compiled dataset. This helps us to avoid represen-

tation and survivorship biases which are often cited in relation to the price and company

data on emerging equity markets. Our results confirm some of the existing evidence for

developed markets, while challenge some of the other. We find that small stocks outperform

large stocks and value stocks outperform growth stocks. The small value stocks show highest

return while large growth stocks show the lowest return in the Polish stock market. We find

evidence that the market factor, size, and book-to-market value factors all have explanatory

power for the Polish stock returns. However, these three factors fail to fully capture the

entire equity premium. Extension of the model by the liquidity factor while reducing the

occurrence of the statistically significant risk-adjusted excess returns, also fails to explain

them fully. We therefore conclude that liquidity risk is less relevant for the Polish stock

market. We leave the question about the other factors which may improve the explanatory

power of the three-factor model for further research.
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Table 1: Descriptive statistics of the liquidity measures

Statistics LIQ Zero LIQ Zero2 LIQ Amh LIQ AmhSqr LIQ AmhLog LIQ AmhMA LIQ Les LIQ Roll Roll2 LIQ Liu

mean 0.1994 0.1407 62.5184 0.0012 −0.2571 0.8742 7.0473 0.0253 0.0158 7.5124
median 0.1500 0.1111 0.5955 0.0005 −0.5184 0.0679 6.8162 0.0199 0.0100 0.0011
sd 0.1887 0.1156 588.0475 0.0025 2.9726 3.9492 1.8464 0.0218 0.0209 19.3382
skewness 1.7479 1.3336 19.8291 8.5252 0.2452 12.7478 0.9554 4.1221 2.7552 3.2855
kurtosis 6.3519 6.0261 446.2927 125.6753 2.9862 218.6692 4.9653 54.1524 20.7438 13.8344
min 0.0000 0.0000 0.0003 0.0000 −8.2730 0.0000 1.1568 0.0000 0.0000 0.0000
max 1.0000 1.0000 17073.0200 0.0537 9.7453 89.2722 20.5248 0.6759 0.4230 138.9193

Correlations

LIQ Zero 1
LIQ Zero2 0.7243 1
LIQ Amh 0.1662 0.0656 1
LIQ AmhSrt 0.3286 0.1437 0.7749 1
LIQ AmhLog 0.4408 0.2005 0.2843 0.6373 1
LIQ AmhMA 0.1673 0.063 0.5923 0.5955 0.3703 1
LIQ Les 0.4381 0.2075 0.0496 0.2564 0.4106 0.0819 1
LIQ Roll −0.0189 −0.1299 0.1706 0.2865 0.2628 0.1925 −0.1049 1
LIQ Roll2 0.0976 0.0008 0.1691 0.3148 0.316 0.1902 0.1076 0.6191 1
LIQ Liu 0.5451 −0.0032 0.2024 0.3493 0.4576 0.2074 0.3465 0.1823 0.1677 1

Notes: The table reports descriptive statistics and correlation coefficients for the liquidity measures. The sample period is 1996:1-2009:3
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Table 2: Summary statistics and correlation for risk factors

Panel A: Descriptive Statistics

Mean St. dev. Skewness Kurtosis

MKT −0.0055 0.0803 −0.7651 5.4538
SMB 0.0106 0.0675 1.0170 5.4942
HML 0.0124 0.0536 −0.8322 5.7739
IMV (LIQ Zero) −0.0004 0.0499 −1.5612 11.2024
IMV (LIQ Zero2) 0.0028 0.0394 0.1417 3.8137
IMV (LIQ Amh) 0.0135 0.0658 −3.1366 23.0219
IMV (LIQ AmhSqr) 0.0067 0.0537 −1.2888 8.5110
IMV (LIQ AmhLog) 0.0041 0.0464 −0.3549 4.6085
IMV (LIQ AmhMA) 0.0133 0.0676 −2.9395 20.8268
IMV (LIQ Les) −0.0023 0.0548 −2.4423 18.0225
IMV (LIQ Roll) 0.0025 0.0612 −1.2549 6.6910
IMV (LIQ Roll2) 0.0004 0.0456 −0.2790 4.7277
IMV (LIQ Liu) 0.0022 0.0526 −1.4857 10.7317

Panel B: Correlation Coefficients

MKT SMB HML IMV (.)

MKT 1.0000
SMB −0.0812 1.0000
HML −0.2815 −0.1036 1.0000
IMV (LIQ Zero) 0.4728 −0.1486 0.0303 1.0000
IMV (LIQ Zero2) 0.4720 0.2018 −0.1962 1.0000
IMV (LIQ Amh) 0.3657 −0.3145 0.2316 1.0000
IMV (LIQ AmhSqr) 0.4639 −0.3516 0.0599 1.0000
IMV (LIQ AmhLog) 0.4521 −0.3049 −0.0351 1.0000
IMV (LIQ AmhMA) 0.3000 −0.3154 0.2452 1.0000
IMV (LIQ Les) 0.3585 −0.1760 0.1087 1.0000
IMV (LIQ Roll) −0.2305 −0.5806 0.1305 1.0000
IMV (LIQ Roll2) 0.2307 −0.4260 0.0958 1.0000
IMV (LIQ Liu) 0.3415 −0.0815 0.1056 1.0000

Notes: The table reports descriptive statistics and correlations for
the market, size, book-to-market and liquidity factors, indicated
with MKT, SMB, HML and IMV (.) For each liquidity measure an
individual liquidity factor is generated.
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Table 3: Mean and standard deviation of excess returns of six Fama-French portfolios

Size category Book-to-market category t-test

L M H
S 0.006 0.006 0.020 −5.659

(0.114) (0.099) (0.095)
B −0.008 0.003 0.005 −7.012

(0.086) (0.080) (0.075)

t-test 5.284 7.820

Notes: The table is based upon monthly average excess re-
turns on six size and book-to-market portfolios of the Polish
stock market. Standard errors are reported in parantheses.
The table is organized as follows: SL contains the monthly av-
erage excess return of the portfolio containing the stocks with
the lowest market capitalization (S) and the lowest book-to-
market ratio (L). The row and column labled “t-test” indicate
the t-test-statistics for the differences-in-mean test between
the values in the portfolios of the corresponding row and col-
umn. The sample period is 1996:1-2009:3.
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Table 4: Comparison of estimation results across size and book-to-market portfolios and
different risk specifications

CAPM Fama-French

Coeff. Size Book-to-market equity category Book-to-market equity category
Categ. L M H L M H

αj S .0097∗∗∗ .0101∗∗∗ .0237∗∗∗ .0044∗∗∗ −.0023∗∗∗ 0.0051∗∗∗

B −.0015∗∗∗ .0061∗∗∗ .0091∗∗∗ .0011∗∗∗ .0053∗∗∗ .0020∗∗

βjm S .8242∗∗∗ .7548∗∗∗ .8474∗∗∗ .7718∗∗∗ .9296∗∗∗ 1.013∗∗∗

B 1.030∗∗∗ .9404∗∗∗ .6506∗∗∗ .9892∗∗∗ .9622∗∗∗ .7833∗∗∗

βjsmb S 1.0168∗∗∗ .9850∗∗∗ .8742∗∗∗

B −.0884∗∗∗ −.0826∗∗∗ .0813∗∗∗

βjhml S −.5623∗∗∗ .4168∗∗∗ .6963∗∗∗

B −.1729∗∗∗ .1393∗∗∗ .6357∗∗∗

Notes: The table reports estimation results for the standard CAPM and the Fama-
French model, while stocks are sorted into six size and book-to-market portfolios.
The table is organized as follows: SL contains the estimated coefficients based on
the portfolio containing the stocks with the lowest market capitalization (S) and the
lowest book-to-market ratio (L). The heading of the table indicates the underlying
model. The models are estimated using Newey-West standard errors with six lags.
***, ** and * indicates statistical significance of the coefficient at the 1%, 5% and 10%
level, respectively. The sample period is 1996:1-2009:3.
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Table 5: Comparison of alphas across alternative risk specifications and across alternative liquidity measures

j LIQ Zero LIQ Zero2 LIQ Amh LIQ AmhSqr LIQ AmhLog LIQ AmhMA LIQ Les LIQ Roll Roll2 LIQ Liu
Panel A: CAPM

P1 −0.0015 −0.0023 0.0020 0.0018 0.0020 0.0020 −0.0097∗ 0.0018 −0.0003 −0.0026
P2 0.0102∗∗∗ 0.0105∗∗∗ 0.0047 0.0042 0.0047 0.0047 0.0005 0.0024 0.0018 −0.0022
P3 −0.0035 −0.0017 0.0008 0.0034 0.0008 0.0008 0.0050 0.0034 0.0018 0.0023
P4 −0.0001 −0.0059 0.0001 0.0062 0.0001 0.0001 0.0001 −0.0046 −0.0017 0.0059
P5 −0.0008 −0.0024 0.0034 −0.0021 0.0034 0.0034 0.0026 0.0075 −0.0005 0.0030
DiM −0.1476 0.0243 −0.3079 0.7999 −0.3079 −0.3079 −2.1644 −0.9686 0.0443 −0.8197
GRS 2.5462 2.9163 1.0937 1.3454 1.0937 1.0937 1.5933 1.4307 0.2103 0.8011
GRS-pvalue 0.0295 0.0146 0.3653 0.2470 0.3653 0.3653 0.1638 0.2149 0.9579 0.5501

Panel B: Fama-French Model

P1 0.0014 −0.0012 0.0035∗∗∗ 0.0033∗∗∗ 0.0035∗∗∗ 0.0035∗∗∗ −0.0074 0.0002 0.0001 −0.0071
P2 0.0089∗ 0.0115∗∗∗ −0.0018 −0.0026 −0.0018 −0.0018 0.0026 0.0037 0.0037 −0.0017
P3 −0.0059 −0.0023 −0.0071∗∗ −0.0042 −0.0071∗∗ −.0071∗∗ 0.0086∗∗ 0.0015 0.0026 0.0009
P4 −0.0077∗ −0.01∗∗ −0.0087∗∗ −0.0023 −0.0088∗∗ −0.0088∗∗ −0.0014 −0.0027 −0.0041 0.0053
P5 −0.0044 −0.0064 0.0004 −0.0061 −0.0004 −0.0004 −0.0007 0.0040 −0.0025 0.0011
DiM 0.8492 1.0174 1.3759 2.1285 1.3759 1.3759 −1.5452 −0.1313 0.4845 −1.1106
GRS 2.2291 4.6860 3.4431 2.0461 3.4431 3.4431 3.3539 0.7419 0.8528 0.9518
GRS-pvalue 0.0532 0.0005 0.0053 0.0742 0.0053 0.0053 0.0063 0.5930 0.5141 0.4488

Panel C: Liquidity-augmented CAPM

P1 −0.0010 −0.003556∗ 0.0006 0.0002 0.0002 0.0007 −0.0037 0.0016 −0.0005 −0.0030
P2 0.0087∗∗ 0.0106∗∗∗ 0.0039 0.0036 0.0047 0.0041 0.0012 0.0026 0.0024 −0.0025
P3 −0.0041 −0.0019 0.0019 0.0067 0.0020 0.0021 0.0071∗∗ 0.0030 0.0025 0.0022
P4 −0.0013 −0.0069 0.0016 0.0087 0.0027 0.0009 −0.0004 −0.0037 −0.0040 0.0060
P5 −0.0011 −0.0027 0.0082 0.0042 0.0086∗ 0.0076 0.0006 0.0090 −0.0011 0.0045
DiM 0.0128 −0.0603 −1.1983 −0.9832 −1.2655 −1.0554 −1.0086 −1.1855 −0.0930 −1.1017
GRS 1.9535 3.3889 1.2417 1.1642 1.3904 1.2413 1.8152 1.5563 0.6428 1.0826
GRS-pvalue 0.0875 0.0059 0.2913 0.3284 0.2297 0.2915 0.1118 0.1745 0.6673 0.3715
Continued on next page
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j LIQ Zero LIQ Zero2 LIQ Amh LIQ AmhSqr LIQ AmhLog LIQ AmhMA LIQ Les LIQ Roll Roll2 LIQ Liu

Panel D: Fama-French Model + Illiquidity Factor

P1 0.0014 −0.0019 0.0033∗∗ 0.00312∗∗ 0.0030∗∗ 0.0035∗∗ −0.00711 0.0000 0.0000 −0.0072
P2 0.0089∗ 0.0111∗∗∗ −0.0020 −0.0030 −0.0016 −0.0018 0.002865 0.0040 0.0056 −0.0019
P3 −0.0059 −0.0017 −0.0067∗∗ −0.0032 −0.0068∗∗ −0.0065∗∗ 0.0083∗∗ 0.0008 0.0026 0.0008
P4 −0.0078∗ −.0104∗∗ −0.0069∗ 0.0002 −0.0049 −0.0076∗ −0.0014 −0.0018 −0.0041 0.0053
P5 −0.0045 0.0062 0.0018 −0.0018 0.0020 0.0012 −0.0011 0.0047 −0.0025 0.0017
DiM 0.9921 0.8885 0.6666 0.8803 0.7342 0.8453 −1.3051 −0.3573 0.3996 −1.2612
GRS 2.3154 4.4487 2.8257 1.4268 2.4285 2.9931 3.2818 0.7407 1.1720 1.0133
GRS-pvalue 0.0454 0.0008 0.0175 0.2165 0.0369 0.0127 0.0073 0.5939 0.3246 0.4112

Notes: The table reports the estimation results for the intercepts, i.e. the average risk adjusted returns, of four asset-pricing models: the
standard CAPM (Panel A), the Fama-French Model (Panel B), the liquidity augmented CAPM (Panel C) and the liquidity augmented Fama-
French model (Panel D). The models are estimated for five different liquidity-portfolios each. P1 indicates the portfolio with the lowest illiquidity,
P5 indicates the portfolio with the highest illquidity. The models are estimated using Newey-West standard errors with six lags. ***, ** and
* indicates statistical significance of the coefficient at the 1%, 5% and 10% level, respectively. In addition, the table reports the values of the
difference-in-mean test statistic (DiM), the GRS-test statistic (GRS) and the p-values of the GRS-test statistic (GRS-pvalue).
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