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Abstract In this paper we investigate sources and characteristics of value, size and momentum profits on the 
Polish stock market. The research aims to broaden the academic knowledge in a few ways. First, we 
deliver fresh out-of-sample evidence on value, momentum, and size premiums. Second, we analyze 
the interdependences among the factors. Third, we investigate whether the factor premiums are 
present after accounting for liquidity constraints. Fourth, we check whether the factor premiums 
are robust to transaction costs. Our research is based on all the stocks listed on the WSE in years 
2001-2013. We find, that the value, momentum, and size premiums are to some extent present on 
the Polish market. Furthermore, they strengthen each other, but they disappear after accounting 
for transaction costs and liquidity.
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Introduction
Since Fama and French invented their three-factor 
model (Fama & French, 1992; 1993), the research 
on cross-sectional variation in stock returns has 
proliferated. One of the most widely recognized 
offsprings was the Carhart four-factor model 
(Carhart, 1997), which incorporated value, size and 
momentum effects. Carhart’s computations were 
frequently repeated and extended to different 
markets. The aim of our paper is to further 
investigate Carhart’s value, momentum and size 
effects, their sources and characteristics.
Carhart’s model refers to three effects observed 
in empirical data in stock markets. First, the value 
effect is the tendency of value stocks (stocks with low 
prices relative to their fundamentals) to outperform 
growth stocks (stocks with high prices relative to 
their fundamentals). The value effect is usually 
measured based on the ratio of book value of equity 
divided by market value of equity (B/M). Formal 
statistical evidence of the value effect was presented 
by Stattman (1980) and Rosenberg (1985). They used 
the book to market ratio as a value indicator. Davis 
et al. (1994) confirmed the value effect in US stock 
markets. Chan et al. (1991) and Capaul et al. (1993) 
confirmed the value effect outside the US markets. 
The value effect was observed in stock returns by 
Chan et al. (1991), Fama and French (1998; 2012), 
Rouwenhorst (1999), Chui et al. (2010), Asness et al. 
(2013), Zaremba (2015a; 2015b), and Zaremba and 
Konieczka (2015). Lischewski and Voronkova (2012), 
Kowerski (2006), Czapkiewicz and Skalna (2010), 
and Zaremba (2014c) confirmed the value effect on 
the Polish equity market.
Second, the size effect was initially documented by 
Banz (1981). Banz found that the smallest quintile of 
firms produces an annual return that is 5 per cent 
higher than the return on other firms. In other words, 
he showed that stocks with lower capitalization 
(small stocks) tend to have higher average returns. 
Banz carried out the research on return premium 
on small stocks during the 1936-1975 period for 
the stocks quoted on the NYSE. In the literature the 
companies’ sizes are usually measured with their 
stock market capitalizations. Reinganum (1981) and 
Cook and Roseff (1982) confirmed the evidence 
of the size effect by using a broader sample and 
decile portfolios. The size effect was later confirmed 
by Blume and Stambaugh (1983) and Brown et al. 
(1983). In particular, the size effect was detected in 

US markets and several international markets by a 
variety of researchers[Herrera & Lockwood (1994), 
Heston et al. (1999), Rouwenhorst (1999), Horowitz 
et al. (2000), Fama & French (2008), Michou et al. 
(2010), Zaremba (2015a, 2015b), and Zaremba & 
Konieczka (2015)].
Lischewski and Voronkova (2012) and Zaremba 
(2014) estimated the impact of size effect on returns 
in the Polish equity market. They found that the size 
factor plays a significant role in explaining returns on 
Polish stocks.
Finally, the momentum effect is based on the 
observation by Jagadeesh and Titman (1993) 
that stocks with high past performance (winners) 
outperform stocks with low past performance 
(losers) in the short-term horizon. The momentum 
strategy relies on buying the winner portfolio and 
shorting the loser portfolio. The initial study of this 
pattern in stock returns was the work of DeBondt 
and Thaler (1985). They found strong evidence 
that recent well performing stocks become poor 
performers over 3-year and 5-year holdings. 
Jagadeesh and Titman (1993; 2001) performed an 
analysis similar to DeBondt and Thaler (1985) but 
with focus on a short-term investment horizon. 
The evidence of the momentum factor in returns 
of stocks in the international markets was proven 
by Asness (1994), Fama and French (1998; 2011), 
Rouwenhorst (1999), Liew and Vassalou (2000), 
Grinblatt and Moskowitz (2004), Chui, Wei, and 
Titman (2010), and Asness et al. (2013), Zaremba 
(2014; 2015a; 2015b), and Zaremba and Konieczka 
(2015).
This paper aims to broaden academic knowledge in 
a few ways. First, we deliver fresh evidence on value, 
momentum, and size premiums from the biggest 
emerging market in Eastern Europe, which has not 
been analyzed in a comprehensive way so far – 
Poland. Second, we analyze the interdependence 
among the return factors and check whether they 
diminish or amplify each other. Third, we investigate 
if Carhart’s factor premiums are present after 
accounting for liquidity. Fourth, we check whether 
the factor premiums are robust to transaction 
costs. Our basic hypotheses are that the value, 
momentum and size premiums are present in the 
Polish market and additionally can be amplified by 
combining them with each other; however they 
only compensate investors for transaction costs and 
illiquidity.
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The paper is opened with an introduction followed 
by sections. First, we present the data sources and 
research methods employed. Then, we discuss 
our research results. The last section concludes 
the paper. Our research is based on all the stocks 
listed on the WSE in the years 2000-2013. The last 
part of the paper includes concluding remarks and 
indications for further research.

Research Methods 
and Data Sources
We investigate the issue of returns on momentum, 
value, and size factors on the Polish market based 
on all stocks listed on the Warsaw Stock Exchange 
between 09/25/2001 and 09/25/2013. The data 
comes from Bloomberg. We use both listed and 
delisted stocks in order to avoid the survivorship 
bias. First, we analyze the factor returns on the 
Polish market. We sort all the stocks at a given time 
on metrics related to value, size, and momentum. 
These measures are defined as follows:
1) value metric (V) – the book value to market value 

ratio (B/M) at the time of portfolio formation,

2) size metric (S) – the total market capitalization of a 
company at the time of portfolio formation,

3) momentum metric (M) – the 12-month realized 
rate of return in the year preceding the portfolio 
formation.

We use only these stocks that had all four computable 
characteristics in a given year. The number of stocks 
in the sample grew along with the development of 
the Polish capital market from 31 in the beginning of 
the research period to 413 in the end. Based on the 
V, S and M characteristics, we form three separate 
portfolios, for each metric including 30% of stocks 
with the lowest metric, 30% of stocks with the highest 
metric and the remaining 40% of the mid-stocks. 
We use three different weighting schemes. The 
first type of portfolio relies on the equal-weighting 
approach, which means that each stock participates 
equally in the portfolio at the time of formation. The 
second method is capitalization-weighting, which 
means that the weight of each stock is proportional 
to the total market capitalization of the company at 
the time of portfolio formation. The last scheme is 
liquidity-weighting. As a proxy for liquidity we use 
the turnover, which is the average of daily trading 
volumes in the month preceding the portfolio 
formation multiplied by the last closing price. The 

reason we use liquidity-weighting is that many stocks 
in the emerging markets tend to be significantly 
illiquid. As a result, the regular reconstruction and 
rebalancing of equal or capitalization-weighted 
portfolios may be completely unrealistic. The 
liquidity-weighted portfolios are the easiest to 
reconstruct and rebalance within a market segment. 
In other words, by using liquidity-weighted portfolios 
we avoid an illiquidity bias which may arise due to 
some inherent illiquidity premium linked to illiquid 
companies. The participation of such companies in 
both equal-weighted and capitalization-weighted 
portfolios may be artificially overweighted to 
an unrealistic level, something which cannot be 
achieved by a real investor. Thus, liquidity-weighting 
is far better aligned with a true investor’s point of 
view, as it avoids the impact of “paper” profits from 
illiquid assets.
It is also important to point out that the liquidity-
weighting approach does not deal with the issue of 
the illiquidity premium entirely, as some securities 
with similar characteristics (like high B/M) may be 
illiquid as a group and thus bear some illiquidity 
premium. Nonetheless, this research assumes 
the point of view of an individual investor with 
a medium-size portfolio, for whom such group 
illiquidity does not pose a problem. A detailed 
analysis taking advantage of a more sophisticated 
price impact function to account for illiquidity is 
beyond the scope of this paper.
Along with the factor portfolios, we also calculate 
returns on the market portfolio, by which we mean 
the portfolio of all the stocks in the sample. For better 
comparison, we compute the market portfolios 
each time using the same methodology as for the 
factor portfolios. In other words, we compute three 
different market portfolios: equal, capitalization and 
liquidity-weighted. All factor and market portfolios 
are reconstructed and rebalanced once a year 
on the 25th of September. The date was chosen 
intentionally in order to avoid look-ahead bias. We 
intentionally choose annual rebalancing and time-
series (contrary to monthly rebalancing usually used 
in similar studies) to better align to the point of view 
of an individual investor, who is not always able to 
rebalance his or her portfolio on a monthly basis. 
In addition, the more frequent rebalancing could 
unnecessarily increase the transaction costs.
Next, we build long/short (L/S) portfolios mimicking 
the behavior of certain factors. The construction 
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of L/S portfolios is based on existing theoretical 
and empirical evidence in the field, so as to make 
them positively exposed to factor-related premiums. 
In other words, the portfolios are always long the 
30% of stocks that yield the highest risk-adjusted 
returns, short in the 30% of stocks that yield the 
lowest risk-adjusted returns and 100% long in the 
risk-free assets. As a result, we create three distinct 
portfolios:
1) value market neutral long/short mimicking portfolio 

(“value L/S”), which is 100% long the 30% of the 
highest B/M stocks, 100% short the 30% of the lowest 
B/M stocks and 100% long the risk free asset,

2) size market neutral long/short mimicking portfolio 
(“size L/S”), which is 100% long the 30% of the 
smallest companies, 100% short the 30% of the 
biggest companies and 100% long the risk free asset,

3) momentum market neutral long/short mimicking 
portfolio (“momentum L/S”), which is 100% long 
in the 30% of the highest momentum stocks, 100% 
short in the 30% of the lowest momentum stocks and 
100% long the risk free asset.

Again, as in the previous case, the stocks in the 
portfolios are weighed according to three different 
schemes: equal-based, capitalization-based and 
liquidity-based.
Finally, the performance of long/short portfolios 
is tested against CAPM [described for example 
in: Cambell et al. (1997)]. Here, we base our 
computations on log-returns. The long/short 
portfolios’ excess returns were regressed on the 
market portfolio’s excess returns, accordingly to the 
CAPM equation

R R R Rpt ft i i mt ft pt− = + − +α β ε( )

where:
Rpt, Rmt and Rft are annual long/short portfolio, market 
portfolio and risk-free returns, and αi and βi are regression 
parameters.

We use 1-year Warsaw Interbank Offered Rate 
(WIBOR) bids to represent the risk-free rate. The αi 
intercept measures the average annual abnormal 
return (so called Jensen’s alpha). Our zero hypothesis 
is that the alpha intercept is not statistically different 
from zero, and the alternative hypothesis states 
that it is actually different from zero. We find the 
equation parameters using OLS and test them in a 
parametric way.

Having tested the performance of portfolios from 
single sorts, we analyze the interactions between the 
individual effects. First, for presentational purposes, 
we compute time-series correlation matrices of L/S 
portfolios. Next, we provide more formal statistical 
inferences. At this stage, all computations are 
based on equal-weighted portfolios. We divide 
the stocks into separate double-sorted groups 
based on combinations of their fundamental 
characteristics described above: V, S and M. This is 
done as follows. Firstly, we assigned each stock to 
one of the subsamples, based on the metrics above: 
low 30%, mid 40% or high 30%. In other words, we 
segregated all the stocks into low, medium or high V,  
low, medium or high S, and low, medium or high M. 
Secondly, we intersect both independent divisions 
and thus create nine portfolios for each pair of the 
above fundamental factors. For instance, in the 
case of the V+S pair, we created the low V and low 
S portfolio which consisted of stocks that belonged 
simultaneously to the low V subgroup and low S 
subgroup; the low V and medium S portfolio which 
consisted of stocks that belonged simultaneously to 
the low V subgroup and medium S subgroup; and 
so on with 7 other V+S portfolios. We did the same 
for other pairs (V+M, M+S), finally arriving at 27 
portfolios.
Next, we construct double-sorted long/short 
portfolios for each of the pairs. The premises of 
certain long/short portfolios are based on existing 
theoretical and empirical evidence. Thus, we create 
the following equal-weighted portfolios:
1) 100% long high V and high M, 100% short low V and 

low M, 100% long the risk-free asset,

2) 100% long high V and low S, 100% short low V and 
high S, 100% long the risk-free asset,

3) 100% long high M and low S, 100% short low M and 
high S, 100% long the risk-free asset.

For example, the first long/short portfolio is 100% 
long in stocks which belong at the same time to 
the high value and high momentum subgroups, 
and 100% short in stocks which belong at the 
same time to the low value and low momentum 
subgroups. Finally, we test the described 
portfolios against CAPM using procedures 
identical to those described above.

In the last phase of our research, we take into 
account the transaction costs differences among 
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various portfolios. We use a simple proportional cost 
model, so the cost function could be described as 
(Korajczyk & Sadka, 2004):

 
f(p)=k×p

where:
p is the stock price at the time of portfolio formation and k 
is the constant cost component. As the proxy for the k we 
use half of the quoted spread, which is defined as:

k = 1
2

×kj, t j,t
Q

where:

k =
P -P

Pj,t
Q ask,j,t bid,j,t

mid,j,t

and Pask,j,t, Pbid,j,t and Pmid,j,t are offer, bid and mid prices 
of stock j at time t. Using the k j,t

Q   measure, we compute the 
full sample time-series averages of cross-sectional averaged 
spreads within the specific market and factor portfolios. We 
use all three distinct weighting schemes.
Next, we compute simplified post-cost returns by employing 
following formula:

R R k kpost t pre t j t j t− −= − +cos cos , ,( )
0 1

where:
 k j t, 0

 and k j t, 1  are the constant cost components (halves 
of the quoted spreads) at the beginning and at the end 
of the measurement period. In other words, we take a 
simplified approach by assuming an equal 100% turnover 
rate in all portfolios.  Finally, using the post-cost returns and 
log-returns, we repeat all the computations and statistical 
interfering in the same way as for the raw pre-cost returns. 
It is important to emphasize that all the portfolios’ returns, 
including market portfolios’ return, are computed based on 
post-cost returns. We do so in order to avoid the problem of 
comparing apples and oranges during the analysis.

Results and Discussion
Table 1 presents pre-cost returns of factor portfolios. 
The computation of equal-weighted factor portfolios 
indicates that some form of value, size and 
momentum effect is present on the Polish market. 
In the case of value, the top 30% portfolio delivered 
returns 7.4 p.p. higher than the low 30% portfolio 
and 1.5 p.p. better than the market portfolio. 
Interestingly, the high B/M portfolio was actually 
slightly less risky than the market and low B/M 

portfolios. These differences were even bigger in 
the case of the size effect. Small companies yielded 
returns 13 p.p. better than market portfolios and 
5.1 p.p. better than the market portfolio. However, 
the bigger profits came not without a higher risk 
measured with either standard deviation or beta. 
Finally, at first glance the momentum effect seems 
to be the strongest among the three analyzed 
portfolios. The difference in returns between 
high and low momentum stocks reached 16 p.p., 
although it appears that the high momentum 
stocks were slightly more risky. Unfortunately, a 
significant part of profits disappear when we use 
the capitalization-based rather than equal-based 
weighting scheme. The difference between top and 
bottom portfolios shrank to 4.6 p.p. in case of the 
value factor and 10.1 p.p. in case of the size factor, 
although it was still considerably large. Curiously, the 
momentum effect actually disappeared entirely and 
the low momentum stocks yielded results 5.5 p.p. 
more than high momentum stocks. What is more, 
all three factor premiums turned out to be not 
robust to liquidity-weighting. The premiums were 
reversed for the value and size factors. In the case 
of momentum, the top momentum portfolios still 
delivered higher returns (adjusted and not adjusted 
for risk) than low momentum portfolios, but both 
portfolios were at any rate worse performers than 
the market portfolio. These results were generally 
confirmed by the analysis of the long/short factor 
mimicking portfolios, although the outcome of such 
analysis lacked strong statistical significance (Table 
2). This fact may be due to the relatively short time-
series on the young Polish market. All the three 
L/S portfolios yielded positive returns. However, 
after adjusting the weights for individual liquidity 
of stocks, all returns and risk-adjusted returns for 
the three factors became negative. To summarize, 
it seems that on the Polish market factor premiums 
are not immune to the question of stock liquidity. In 
fact, after adjusting for liquidity, the factor premiums 
seem nonexistent.
Table 3 exhibits time-series correlations among 
the L/S factor mimicking portfolios. Strikingly, the 
correlations are highly dependent on the weighting 
scheme. For instance, the correlation between 
value and size L/S equal weighed portfolios was 
-0,41, while after adjusting portfolio weights for 
capitalization the correlation turned positive and 
reached the level of 0,56. Table 4 depicts some 
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interactions of equal-weighted factor portfolios. 
Interestingly, the value and size interdependencies 
seem to somehow contradict previous empirical 
evidence from developed markets. The value 
premium was negative in the case of small stocks, 
and relatively higher in case of medium and large 
stocks. On the other hand, the value and momentum 
factors appear to clearly amplify each other. The 
top value and top momentum portfolio yielded an 
annual return of 30.9% and the bottom value and 
bottom momentum portfolio’s return was negative 
and equal to -2.3%. In other words, the difference in 
returns was as high as 33.3 p.p. per year. However, 
it is important to note that the better performing 
portfolio was also more risky, no matter whether risk 
is measured with standard deviation or with beta. 
Similar synergy effects could be seen in case of size 
and momentum factors. The small high momentum 
stocks delivered a 39.1% annual rate of return, while 
the big low momentum stocks only managed 5.8%, 
the difference thus reaching 32.8 p.p. Nonetheless, 
the volatility of the best performing portfolio was 
also impressive, as the standard deviation was equal 
to 68.9%. This extraordinary volatility is probably 
one of the factors contributing to the fact that 
the two-factor market neutral portfolios deliver 
impressive, but statistically insignificant abnormal 
rates of return (Table 5.) The only exception was 
the volume-momentum portfolio, which yielded 
an annual rate of return amounting to 39,2% and 
delivered a 31,11% annual CAPM alpha.
In order to verify whether the factor premiums are 
robust to trading costs, we initially computed the 
average spreads in various portfolios, which allowed 
for a few interesting observations. The results are 
presented in Table 6. First, as could be expected, 
the average spreads for the equal-weighted (EW) 
portfolios were significantly higher than for the 
capitalization-weighted (CW) and liquidity-weighted 
(LW) portfolios. In the case of the entire market 
portfolio, the EW was equal to 2,71%, and in the 
case of LW it was more than 5 times less at 0,52%. 
This situation is due to very large spreads among the 
smallest stocks. Even in the liquidity-weighted small-
cap portfolio the spreads were on average as high as 
2,56%. Finally, in the case of momentum portfolios, 
the spreads are generally wider for low momentum 
portfolios than for high momentum portfolios. 
To summarize, the consequences of variations in 
spreads among different group of companies may 

cause the small-cap stocks to be diminished, while 
the value and momentum stocks are even increased.
Table 7 depicts the post-cost returns of various factor 
portfolios. From analyzing the table, we can draw a 
few interesting conclusions. First, the transaction 
costs diminish the size premium. In the case of 
liquidity-weighting they turned out to be significantly 
negative. In other words, it appears that transaction 
costs are so large that they cannot be compensated 
even by the size premium. On the other hand, the 
returns to momentum and value – in the portfolios 
they were already present – do not obliterate, but 
sometimes even increase. Nonetheless, it is worth 
noting that after accounting for both transaction 
costs and liquidity, literally none of the analyzed 
factors seem to work. These observations are 
generally confirmed by an analysis of returns from 
the long/short factor mimicking portfolios . Except 
for the CW value portfolios, the average returns 
for all portfolios are vividly lower. Additionally, all 
the CAPM alphas – with the exception of equal-
weighted momentum portfolio – become negative 
or close to zero.  To conclude, the transaction costs 
generally have negative influence on returns of 
portfolios from sorts on value, size, and momentum 
metrics. Nonetheless, when combined with the 
impact of liquidity, they significantly impede the 
factor performance.

Conclusions
In this paper we conduct research on the robustness 
and interdependencies of Carhart’s model factors 
on Polish markets. The analysis allowed us to draw 
a few interesting conclusions and answer the initial 
questions stated in the beginning of the paper. First, 
we deliver fresh evidence on the value, size and 
momentum premiums from the emerging Polish 
market, which have not been comprehensively 
analyzed so far. We observe visible positive value, 
size and momentum premiums, which however 
lack statistical significance. Second, we find some 
interesting interactions between pairs of these 
effects. Value, size, and momentum effects seem to 
amplify each other, triggering superior results for 
combined value/momentum and size/momentum 
portfolios. On the other hand, the results for the 
value/size combination appear rather equivocal 
and contradict previous empirical evidence from 
developed markets. Third, we check whether the 
factor premiums are robust to liquidity. The answer 
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seems to be negative, as after adjusting the factor 
portfolio weights for liquidity, the value, momentum 
and size premiums completely evaporate. Fourth, 
we investigate the impact of transaction costs on 
Carhart’s factor premiums. The market spread 
variation has the biggest negative influence on the 
small-cap premium. Additionally, it has not such a 
significant impact on momentum effect and value 
effect. Moreover, when we focus on the relatively 
costly market neutral factor mimicking portfolios, 
the factor alphas become close to zero or negative. 
Finally, when we account for both the liquidity and 
transaction costs, the factor premiums cease to 
exist. Summarizing, our observations are rather 
pessimistic from an investor’s point of view. They 
indicate that even though factor premiums are 
present in the Polish market, they do not bring any 
profit, as they simply compensate for the higher 
illiquidity and transaction costs.
Further research on issues discussed in this paper 
could be pursued in several directions. First, it might 
be useful to enlarge the research sample. Since 
it may be difficult to make the time-series longer 

(the “emerging” nature of the emerging markets 
makes them rather young), it would be interesting 
to verify whether similar phenomena can be 
observed in other emerging markets. Second, the 
factor interactions should be analyzed with different 
weighting schemes of the analyzed portfolios. Third, 
one of the drawbacks of our computations was 
that we used a relatively simple cost function and 
rather strong assumptions on portfolio turnover. 
On the one hand, it might be interesting to allow 
for variable portfolio turnover, but on the other, the 
results of research may be improved by using more 
sophisticated cost functions accounting for market 
impact, as for example in Glosten-Harris (1988), 
Breen-Hodrick-Korajczyk (2002) or Almgreen-Thun-
Hauptmann-Li (2005). Finally, the most important 
issue which should be further investigated is 
probably the impact of liquidity on factor premiums. 
The analysis should concentrate on the question 
of whether liquidity is the missing link that could 
entirely or at least partially explain the value, size 
and momentum premiums in emerging markets.
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Appendix: Tables

Table 1: Pre-cost factor-sorted portfolios

  E qual-weighted portfolios Capitalization-weighted portfolios Li quidity-weighted portfolios 
  Return Volatility  Beta Volume Return Volatility  Beta Volume Return Volatility  Beta Volume 

Value portfolios 
Low 30%  13,1% 46,0% 1,09 2 846 10,9% 22,6% 0,95 31 190 6,5% 30,4% 0,89 40 211 
Mid 40% 21,2% 43,4% 0,95 2 091 12,4% 26,8% 1,08 19 945 16,0% 34,4% 1,11 31 896 
High 30%  20,5% 43,0% 0,98 990 15,3% 24,1% 1,01 10 508 4,5% 21,6% 0,57 14 906 
Market 19,0% 43,4% 1,00 1 980 12,4% 22,8% 1,00 25 384 12,1% 28,3% 1,00 38 192 

Size portfolios  
Low 30%  24,1% 50,1% 1,28 190 21,2% 50,1% 1,93 194 4,9% 68,0% 1,69 1 356 
Mid 40% 18,2% 51,1% 1,19 467 16,6% 43,5% 1,56 568 8,0% 56,6% 1,47 1 930 
High 30%  11,1% 29,1% 0,49 5 723 12,1% 22,1% 0,97 26 805 14,1% 24,5% 0,87 41 551 
Market 19,0% 43,4% 1,00 1 980 12,4% 22,8% 1,00 25 384 12,1% 28,3% 1,00 38 192 

Momentum portfolios 
Low 30%  10,8% 36,9% 0,73 1 400 13,2% 29,4% 1,08 10 591 5,7% 37,4% 1,13 15 671 
Mid 40% 17,8% 44,7% 1,09 1 733 16,1% 26,1% 1,14 17 155 15,0% 31,7% 0,91 26 039 
High 30%  26,8% 50,3% 1,15 2 886 9,7% 27,1% 0,91 27 020 11,2% 38,5% 1,08 38 155 
Market 19,0% 43,4% 1,00 1 980 12,4% 22,8% 1,00 25 384 12,1% 28,3% 1,00 38 192 

 
Table 1 presents the pre-cost return characteristics of factor portfolios. Portfolios are sorted according to B/M (“value”), company 
capitalization (“size”) or the total price change in the year preceding the portfolio formation (“momentum”). “Return” is the 
average annual geometric rate of return, “volatility” is the annual standard deviation of log-returns, “beta” is regression coefficient 
calculated against a defined market portfolio and “volume” is the cross-sectional weighted-average of single stocks’ time-series 
averaged daily trading volumes in the month preceding the portfolio formation multiplied by the stock price.

Table 2: Pre-cost long/short factor mimicking portfolios

  Value L/S  portfolios Size L/S  portfolios Momentum L/S  portfolios 

  EW  CW  LW  EW  CW  LW  EW  CW  LW  

Return 8,9% 9,9% ** 0,7% 22,9%** 17,3% 0,8% 26,2%** -3,9% 5,5% 

t-stat 1,28 2,29 0,15 2,29 1,47 0,05 3,87 -0,38 0,55 

Volatility  24,2% 14,9% 16,2% 34,6% 40,8% 53,4% 23,5% 35,4% 34,6% 

CAPM model  

β -0,14 0,03 -0,34** 0,59** 0,72 0,70 0,41** -0,23 0,02 

t-stat -0,83 0,15 -2,55 3,47 1,35 1,27 3,53 -0,48 0,04 

α 4,3% 3,4% -3,2% 8,0% 5,9% -8,9% 12,8%** -8,3% -0,5% 

t-stat 0,61 0,73 -0,85 1,07 0,50 -0,58 2,56 -0,76 -0,05 

Table 2 presents pre-cost return characteristics of long/short factor mimicking portfolios. Portfolios are created based on B/M 
(“value”), company capitalization (“size”) or the total price change in the year preceding the portfolio formation (“momentum”). 
“Return” is the average annual geometric rate of return and “volatility” is an annual standard deviation of log-returns. “EW”, 
“CW” and “LW” denote equal-, capitalization- and liquidity-based weighting schemes.The liquidity-weighted portfolios were we-
ighted according to the “volume” defined as stocks’ time-series averaged daily trading volume in the month preceding the portfolio 
formation multiplied by the stock price. α and β are model’s parameters. * and ** indicate values significantly different from zero 
at 10% and 5% levels, respectively.
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Table 3: Factor correlations

  Value L/S  Size L/S  Momentum  L/S  Market Cash 
E qual-weighted portfolios 

Value L/S  1,00         
Size L/S  -0,41 1,00       
Momentum L/S  -0,44 0,52 1,00     
Market -0,25 0,73 0,74 1,00   
Cash 0,33 -0,15 -0,10 -0,11 1,00 

Ca pitalization-weighted portfolios 
Value L/S  1,00         
Size L/S  0,56 1,00       
Momentum L/S  -0,47 -0,55 1,00     
Market 0,06 0,37 -0,14 1,00   
Cash 0,07 -0,28 0,08 0,11 1,00 

Li quidity-weighted portfolios 
Value L/S  1,00         
Size L/S  0,18 1,00       
Momentum L/S  -0,12 -0,55 1,00     
Market -0,61 0,36 0,01 1,00   
Cash 0,37 -0,17 0,19 -0,14 1,00 

Table 3 depicts Pearson’s correlation coefficients of pre-cost log-returns among market neutral factor-mimicking portfolios, stock 
market portfolio (“market”) and yields in the cash market (“cash”). Portfolios are created based on B/M (“value”), company 
capitalization (“size”) or the total price change in the year preceding the portfolio formation (“momentum”).

Table 4: Interactions between factors

  Return Volatility  Beta 

Value and size portfolios 

  V: low 
30% 

V: mid 
40% 

V: high 
30% 

V: low 
30% 

V: mid 
40% 

V: high 
30% 

V: low 
30% 

V: mid 
40% 

V: high 
30% 

S: low 30%  28,1% 26,9% 21,9% 67,5% 53,9% 45,9% 1,01 0,91 0,76 

S: mid 40%  11,6% 21,3% 17,1% 61,2% 47,2% 54,4% 1,06 0,74 0,82 

S: high 30%  8,3% 13,5% 13,3% 29,1% 33,1% 28,2% 0,41 0,50 0,46 

Value and momentum portfolios 

  V: low 
30% 

V: mid 
40% 

V: high 
30% 

V: low 
30% 

V: mid 
40% 

V: high 
30% 

V: low 
30% 

V: mid 
40% 

V: high 
30% 

M: low 30%  -2,3% 9,2% 16,1% 36,7% 39,8% 36,7% 0,56 0,67 0,58 

M: mid 40%  2,7% 22,2% 25,9% 38,1% 45,2% 52,5% 0,65 0,77 0,90 

M: high 30%  24,7% 25,9% 30,9% 56,2% 48,0% 58,2% 0,91 0,71 0,84 

Size and momentum portfolios 

 
S: low 
30% 

S: mid 
40% 

S: high 
30% 

S: low 
30% 

S: mid 
40% 

S:  high 
30% 

S: low 
30% 

S: mid 
40% 

S: high 
30% 

M: low 30%  13,7% 3,3% 5,8% 42,4% 42,8% 36,5% 0,67 0,66 0,52 

M: mid 40%  19,0% 15,3% 12,2% 52,1% 50,1% 29,2% 0,89 0,82 0,45 

M: high 30%  39,1% 29,6% 6,7% 68,9% 61,1% 32,1% 1,08 1,05 0,44 

 
Table 4 presents pre-cost return characteristics of portfolios from double sorts. All portfolios are equal-weighted and created based 
on pairs of following variables: B/M (“value”), company capitalization (“size”) or the total price change in the year preceding 
the portfolio formation (“momentum”). “Return” is the average annual geometric rate of return and “volatility” is an annual 
standard deviation of log-returns.
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Table 5: Long/short portfolios based on pairs of factors

  V+S  V+M  S+M  
Return 21,7%** 43,8%** -0,8% 
t-stat 2,25 3,87 -0,04 
Volatility  33,5% 39,2% 78,2% 

CAPM model  
β 0,36* 0,46** -0,39 
t-stat 1,83 2,09 -0,71 
α 13,76% 31,11% -8,60% 
t-stat 1,49 3,02 -0,33 

Table5 presents pre-cost return characteristics of portfolios from double sorts. All portfolios are equal-weighted and created based 
on pairs of following variables: B/M (“V”), company capitalization (“S”) or the total price change in the year preceding the 
portfolio formation (“M”). * and ** indicate values significantly different from zero at 10% and 5% levels, respectively.

Table 6: Bid-ask spreads

  Value portfolios Size portfolios  Momentum 
  EW  CW  LW  EW  CW  LW  EW  CW  LW  
Low 30%  2,74% 0,83% 0,55% 4,70% 3,76% 2,56% 3,54% 1,53% 1,05% 
Mid 40%  2,43% 0,83% 0,50% 2,36% 2,23% 1,28% 2,57% 0,78% 0,48% 
High 30%  3,04% 0,87% 0,85% 1,24% 0,71% 0,45% 2,10% 0,86% 0,65% 
Market 2,71% 0,80% 0,52% 2,71% 0,80% 0,52% 2,71% 0,80% 0,52% 

The table 6. presents average bid-ask spreads for factor and market portfolios. The spreads are computed as (Pask- Pbid)/Pmid, 
where Pask, Pbid,  Pmiddenote consecutively the best available offer, the best available offer bid and the mid-prices at the time of portfolio 
formation. Portfolios are created based on B/M (“value”), company capitalization (“size”) or the total price change in the year 
preceding the portfolio formation (“momentum”). “EW”, “CW” and “LW” denote equal-, capitalization- and liquidity-based 
weighting schemes.
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Table 7: Post-cost portfolios from single sorts

  E qual-weighted portfolios Capitalization-weighted portfolios Li quidity-weighted portfolios 
  Return Volatility  Beta Volume Return Volatility  Beta Volume Return Volatility  Beta Volume 

Value portfolios 
Low 30%  10,0% 47,2% 1,09 2 846 10,0% 22,8% 0,95 31 190 5,9% 30,7% 0,90 40 211 
Mid 40%  18,6% 44,2% 0,94 2 091 11,6% 27,0% 1,08 19 945 15,5% 34,5% 1,11 31 896 
High 30%  17,3% 43,7% 0,98 990 14,4% 24,4% 1,01 10 508 3,6% 21,8% 0,57 14 906 
Market 16,0% 44,3% 1,00 1 980 11,6% 23,0% 1,00 25 384 11,6% 28,5% 1,00 38 192 

Size portfolios  
Low 30%  18,5% 52,5% 1,29 190 16,8% 52,0% 1,95 194 1,5% 70,0% 1,69 1 356 
Mid 40%  15,6% 52,0% 1,18 467 14,2% 44,3% 1,56 568 6,6% 57,0% 1,48 1 930 
High 30%  9,9% 29,4% 0,48 5 723 11,4% 22,3% 0,97 26 805 13,6% 24,6% 0,87 41 551 
Market 16,0% 44,3% 1,00 1 980 11,6% 23,0% 1,00 25 384 11,6% 28,5% 1,00 38 192 

Momentum portfolios 
Low 30%  6,9% 38,2% 0,74 1 400 11,7% 29,8% 1,07 10 591 4,5% 38,1% 1,13 15 671 
Mid 40%  15,0% 45,5% 1,08 1 733 15,3% 26,3% 1,14 17 155 14,5% 31,9% 0,91 26 039 
High 30%  24,4% 51,1% 1,15 2 886 8,7% 27,5% 0,91 27 020 10,5% 38,8% 1,08 38 155 
Market 16,0% 44,3% 1,00 1 980 11,6% 23,0% 1,00 25 384 11,6% 28,5% 1,00 38 192 

The table 7. presents the post-cost return characteristics of factor portfolios. Portfolios are sorted according to B/M (“value”), 
company capitalization (“size”) or the total price change in the year preceding the portfolio formation (“momentum”). “Return” 
is the average annual geometric rate of return, “volatility” is an annual standard deviation of log-returns, “beta” is regression coef-
ficient calculated against a defined market portfolio and “volume” is cross-sectional weighted-average of single stocks’ time-series 
averaged daily trading volumes in the month preceding the portfolio formation multiplied by the stock price. * and ** indicate 
values significantly different from zero at 10% and 5% levels, respectively.

Table 8: Post-cost long/short factor mimicking portfolios

  Value L/S  portfolios Size L/S  portfolios Momentum L/S  portfolios 
  EW  CW  LW  EW  CW  LW  EW  CW  LW  
Return 3,1% 8,1% * -0,8% 15,2% 11,9% -3,3% 20,5%** -6,3% 3,8% 
t-stat 0,43 1,82 -0,16 1,31 0,94 -0,20 2,90 -0,61 0,38 
Volatility  24,8% 15,4% 16,7% 40,3% 43,8% 56,5% 24,5% 36,0% 34,8% 

CAPM model  
β -0,13 0,04 -0,35** 0,63** 0,72 0,69 0,41** -0,25 0,01 
t-stat -0,75 0,17 -2,53 3,00 1,26 1,18 3,54 -0,51 0,03 
α -1,6% 1,8% -4,8% 2,7% 1,8% -12,8% 9,1% * -11,0% -2,1% 
t-stat -0,22 0,38 -1,24 0,30 0,14 -0,78 1,78 -1,00 -0,20 

The table 8 presents post-cost return characteristics of long/short factor mimicking portfolios. Portfolios are created based on 
B/M (“value”), company capitalization (“size”) or the total price change in the year preceding the portfolio formation (“momen-
tum”). “Return” is the average annual geometric rate of return and “volatility” is an annual standard deviation of log-returns. 
“EW”, “CW” and “LW” denote equal-, capitalization- and liquidity-based weighting schemes. * and ** indicate values significan-
tly different from zero at 10% and 5% levels, respectively.
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