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Abstract The purpose of this study is to explore commonality in liquidity on seven small
emerging CEE stock markets in the Czech Republic, Hungary, Slovakia, Slovenia, Lithuania,
Estonia, and Latvia, in the context of serious problems with stock illiquidity. The number of
companies that reveal a substantial non-trading problem is large. A modified version of the
Amihud measure is utilized as daily liquidity proxy for stocks. The OLS-HAC method and the
GARCH-type models are employed to infer the patterns of commonality in liquidity. No reason
has been found to support intra-market commonality in liquidity on each investigated stock
exchange.
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Introduction

Investors prefer assets that are liquid, therefore stock market liquidity is
of important concern to many investors. Commonality in liquidity means that
financial asset liquidity changes over time, and that these time variations are
ruled by a significant common component in the liquidity across assets or
market liquidity. The existence of commonality suggests the assumption that
there exists at least one common factor that simultaneously influences liquid-
ity of all stocks in a market.
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Chordia et al. (2000) have been the first that analysed commonality in li-
quidity on a stock exchange. The authors explored the U.S. market and the
literature concerning commonality in liquidity for the U.S. stock market has
emerged in the last years, e.g (Kamara et al., 2008; Korajczyk and Sadka,
2008; Kang and Zhang, 2013).

Commonality in liquidity has been investigated for other individual equity
markets in the world. Among others, Brockman and Chung (2006) explored
the Stock Exchange of Hong Kong, Fabre and Frino (2004) studied the Aus-
tralian Stock Exchange, Kempf and Mayston (2008) analysed the Frankfurt
Stock Exchange, Pukthuanthong-Le and Visaltanachoti (2009) assessed the
Stock Exchange in Thailand, Foran et al. (2015) examined the London Stock
Exchange, Narayan et al. (2015) tested the Chinese stock exchanges (in
Shanghai and Shenzhen), Miralles Marcelo et al. (2015) studied the Euronext
Lisbon Stock Exchange, Sensoy (2016) investigated the Turkish stock market,
Syamala et al. (2017) analysed the Indian stock market, and Olbry$ (2018)
explored the Polish stock exchange in Warsaw. In general, the empirical re-
sults on different stock markets in the world are not homogeneous.

A number of studies that concern commonality in liquidity for a group of
international financial markets is rather limited. For example, Brockman et al.
(2009) applied methodology of Chordia et al. (2000) to examine commonality
in liquidity on 47 stock exchanges. They documented the pervasive role of
commonality in liquidity within individual exchanges and they found evi-
dence of a distinct, global component in bid/ask spreads and depths across
exchanges. Karolyi et al. (2012) explored cross-country commonality in li-
quidity using daily data for individual stocks from 40 developed and emerging
countries. Wang (2013) investigated the impact of a set of common factors on
liquidity variations in 12 Asian equity markets. Bai and Qin (2015) analysed
commonality in liquidity on 18 emerging markets. The authors pointed out
that liquidity co-movements across emerging markets have a strong geo-
graphic component.

Among others, Bekaert et al. (2007) stress that liquidity is more critical
for emerging than developed markets. Moreover, it is a well-known fact that
a non—trading effect induces potentially serious biases in various statistical
measures of asset returns (e.g. Nowak and Olbrys, 2016). We refer to non—
trading as a lack of transactions over a particular period when a stock ex-
change is open for trading. The lack of transactions means that the volume (in
items) is equal to zero. Empirical analyses of a number of zeros in daily vol-
ume for companies listed on seven small CEE stock exchanges in the Czech
Republic, Hungary, Slovakia, Slovenia, Lithuania, Estonia, and Latvia reveal
that the non-trading problem is crucial on these markets. Therefore, in this
paper we analyse intra-market liquidity co-movements in the context of
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problems with asset illiquidity. The research hypothesis that there is no com-
monality in liquidity on each investigated CEE stock market, taken separately,
is tested. A modified version of the Amihud (2002) measure is used as daily
liquidity proxy, in the period from January 2, 2012 to December 30, 2016. We
utilize the research design of Chordia et al. (2000), but we employ the OLS-
HAC method (Newey and West, 1987) and the GARCH-type models (if nec-
essary) to infer the patterns of commonality in liquidity. In the market models
of liquidity, positive and statistically significant slope coefficients are espe-
cially desired, because they indicate intra-market co-movements in liquidity
in the same direction, and therefore confirm commonality in liquidity. How-
ever, the regressions provide no evidence of commonality in liquidity on the
CEE stock markets because positive and statistically significant coefficients
are scarce. Therefore, no reason has been found to support commonality in
liquidity on each investigated stock exchange. The empirical findings are ho-
mogeneous for all investigated markets.

To the best of the author’s knowledge, the results concerning commonality
in liquidity on the CEE stock exchanges in the context of non-trading prob-
lems are novel and have not been presented in the literature thus far.

The remainder of the study is organized as follows. Section 1 specifies the
methodological background concerning the measurement of commonality in
liquidity. Section 2 describes the data and discusses serious problems in il-
liquidity on the CEE emerging stock markets. Section 3 presents some empir-
ical results of testing for commonality in liquidity on the investigated markets.
Conclusion covers the main findings.

Table 1. Nomenclature

PSE Prague Stock Exchange (the Czech Republic)
BSE Budapest Stock Exchange (Hungary)
BSSE Bratislava Stock Exchange (Slovakia)
LJSE Ljubljana Stock Exchange (Slovenia)
NASDAQ Vilnius Stock Exchange in Vilnius (Lithuania)
NASDAQ Tallinn Stock Exchange in Tallinn (Estonia)
NASDAQ Riga Stock Exchange in Riga (Latvia)

1. Assessing Commonality in Liquidity

The literature contains a number of methods for assessing commonality in
liquidity. To identify common determinants of liquidity, the classical market
model of liquidity, introduced by Chordia et al. (2000) has been most fre-
quently used. In this research, the modified version of classical market model
of liquidity, including the Dimson (1979) correction for daily data is applied:

DLy =a; + Bi—1DLyt—1 + BioDLyt + Bi+1DLpy 1 + €1 (1)
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where DL;, for stock i is the change in liquidity variable L from trading day
t-Itot ie DL, = "=,
t-1

According to the Dimson procedure, the DLy ;_1, DLy ¢, and DLy ;41 are
the lagged, concurrent, and leading changes is a cross-sectional average of the
liquidity variable L, respectively. The Dimson correction enables us to accom-
modate the problem of nonsynchronous trading effects (Campbell et al.,
1997).

In computing the ‘market’ liquidity proxy Ly, stock i is excluded, so the
explanatory variables in model (1) are slightly different for each stock’s time
series regression. Chordia et al. (2000) stress that changes are examined rather
than levels because the interest is fundamentally in discovering whether li-
quidity moves. Based on model (1), positive and statistically significant slope
coefficients are especially desired, as they indicate intra-market co-move-
ments in liquidity and therefore confirm commonality in liquidity. In other
words, they inform about liquidity co-movements in the same direction.

In this study, a modified version of the Amihud (2002) measure,
MAmih,; 4 given by Eq. (2), is utilized as liquidity/illiquidity proxy:

log (1 + @),when Via #0
id
0,whenV;; =0

MAmih; 4 = { ) (2)

where:
7; 4 1s the simple rate of return of stock i on day d,
V; 4 1s the trading volume of stock i on day d.

We follow Karolyi et al. (2012), but our method is slightly different, be-
cause they use return and volume in local currency, and finally multiply the
result by negative one to obtain a variable that is increasing alongside with
liquidity of individual stock. Moreover, the value of daily Amihud measure
(2) is defined to be equal to zero when the total volume of daily trading, in the
denominator, is equal to zero. The second condition in definition (2) is con-
sistent with analogous conditions for other daily liquidity/illiquidity proxies
(Olbrys and Mursztyn, 2018). Furthermore, to avoid numerical problems, the
daily values of the estimator (2) are rescaled by multiplying by 10°. In the
literature, the Amihud measure is usually calculated for stock i for each month,
e.g. (Goyenko et al., 2009; Olbrys, 2014; Foran et al., 2015; Fong et al., 2017;
Bedowska-Sojka, 2018). In this paper, we estimate daily time series of the
Amihud proxy (2).

For each stock, the model (1) is initially estimated by using the OLS
method and the robust HAC estimates (Newey and West, 1997). However, the
Newey and West method may not fully correct for the influence problems
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introduced by the ARCH effect. For this reason, the estimation of the model
(1) as a GARCH-type model is appropriate. To test for the ARCH effect, the
test of Engle (1982) with the Lagrange Multiplier (LM) statistic is employed.
In this research, the GARCH(p, ¢) model is utilized. According to the litera-
ture, the lower order GARCH(p, q), p, ¢ = 1, 2, models are used in most ap-
plications (Tsay, 2010). The GARCH(p, ¢) models are compared and selected
by the Akaike (AIC) and Schwarz (SC) information criteria.

The GARCH(p, q) model is given by Eq. (3):

DLiy = a; + Bi-1DLyt-1 + BioDLumt + Bi+1DLpmerr + €is
&t = Zigy/hip Zie~N(0,1), 3)
hiy=ajo+ Xp_; apeele i + Xieq birhig,
where:
ajo>0,a;,=20k=1,..,q,g>0,b;; 20,l=,..,p,p 20,
&; ¢ is the innovation in a linear regression with V(¢g) = o2,
h; ¢ 1s the variance function,
and remaining notation like in Eq. (1).

The parameters of GARCH(p, ¢) models are almost invariably estimated
via Maximum Likelihood (ML) or Quasi-Maximum Likelihood (QML)
(Bollerslev and Wooldridge, 1992) methods, which bring up the subject of
a suitable choice for the conditional distribution of innovation. Our primary
interest is the estimating the conditional mean equation, but Hamilton (2008)
stresses that having a correct description of the conditional variance can still
be quite important. By incorporating the observed features of the heteroske-

dasticity into the estimation of the conditional mean, substantially more effi-
cient estimates of the conditional mean can be obtained.

2. Data Description and Serious Problems with Asset llliquidity

In this research, daily data for seven small emerging stock markets from
the Central and Eastern European countries, namely the Czech Republic, Hun-
gary, Slovakia, Slovenia, Lithuania, Estonia, and Latvia, are used. Data is
coming from Bloomberg under the license agreement between Bloomberg and
Bialystok University of Technology (the grant No. 2016/21/B/HS4/ 02004).
The data set contains the opening, high, low, and closing prices, as well as
volume for a security over each trading day, in the period from January 2,
2012 to December 30, 2016. Specifically, the database holds 1252 (for the
PSE), 1240 (for the BSE), 1244 (for the BSSE), 1245 (for the LISE), 1245
(for the NASDAQ Vilnius), 1251 (for the NASDAQ Tallinn), and 1242 (for
the NASDAQ Riga) trading days, respectively. The Warsaw Stock Exchange
(WSE) is not included in the research because it is large compared to the other
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CEE stock exchanges. For comparison, at the end of 2016 the total number of
listed stocks was equal to: 881 (WSE), 23 (PSE), 41 (BSE), 71 (BSSE), 37
(LJSE), 34 (NASDAQ Vilnius), 17 (NASDAQ Tallinn), and 32 (NASDAQ
Riga).

It is commonly known fact that a large number of the CEE stock markets
listed companies reveal a substantial non-trading problem. Therefore, to mit-
igate this problem, we excluded the stocks that exhibited extraordinarily many
non-traded days during the whole sample period. Specifically, because the an-
alysed CEE stock markets were extremely illiquid, the basic condition con-
cerning the maximum number of non-traded days for these markets was equal
to 373, which constituted about 30% of all trading days.

Table 2. Serious problems with stock illiquidity on the CEE stock markets — the re-
duction of the number of companies (January 2012 — December 2016)

The number of com- The number of com-

Stock Market The initial panies after the re- panies after the re-
Cap. EUR duction due to a stock  duction due to a stock
Ex- Index s number of e e
change billion, companies |I||qU|d|ty . ||I|qU|d|ty .
Dec 2016 (<10% zeros indaily (= 30% zeros in daily
volume) volume)
PSE PX 22.19 23 10 10
BSE BUX 21.27 41 13 18
BSSE SAX 5.28 71 0 3
SBI-
LJSE ToP 5.00 37 6 10
NASDAQ
Vilnius OMXV 3.50 34 7 15
NASDAQ gyt 299 17 8 12
Tallinn
NASDAQ
Riga OMXR 0.80 32 3 7

Note: The fourth column presents the number of all companies listed on each stock exchange. The fifth
column reports the number of companies that exhibited less than 125 zeros in daily volume, which consti-
tuted about 10% of all trading days. The last column contains final number of companies (less than 373
zeros in daily volume, which constituted about 30% of all trading days during the whole sample period).

Table 2 reports brief information about the reduction of the number of
companies on the investigated markets that was caused by serious non-trading
problems. The CEE stock exchanges are presented in order of decreasing
value of the market index capitalization (in EUR billion) at the end of 2016.
For comparison, the WIG20 index market capitalization at the end of Decem-
ber 2016 was equal to 130.99 (EUR billion). The WIG20 index consists of 20
major and most liquid companies in the Warsaw Stock Exchange Main List.
Therefore, as mentioned above, the WSE is not included in the study because
it is not a small stock market.
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As one can observe in Table 2, the number of zeros in daily volume was
tremendously high for the BSSE-traded companies. The total number of
stocks on the BSSE was equal to 71, while only 3 out of them met basic con-
dition. Finally, 10 (Prague), 18 (Budapest), 3 (Bratislava), 10 (Ljubljana), 15
(Vilnius), 12 (Tallinn), and 7 (Riga) companies were contained in the data set.

Table 3 presents information about all companies in an alphabetical order
according to the company’s full name.

Table 3. Companies contained in the database (January 2012 — December 2016)

Stock exchange Companies
1 Prague Stock Exchange CETV, CEZ, FOREG, KOMB, PEGAS, RBAG, TABAK,
(the Czech Republic) TELEC, UNIPE, VIG

ANY, APPENINN, PANNONIA, ELMU, EMASZ, ESTMEDIA,

2 Bcﬁipfh_sla‘r’f‘;E’)" FHB, GSPARK, MTELEKOM, MOL, NUTEX, OPIMUS, OTP,
ge {Hungary PANNERGY, PLOTINUS, RABA, RICHT, ZWACK
Bratislava Stock Ex-
3 change (Slovakia) SLN1, TMR, VUB
4 Ljubljana Stock Exchange CICG, GRVG, IEKG, KRKG, LKPG, MELR, PETG, POSR,
(Slovenia) TLSG, ZVTG
NASDAQ Vinis AVGAL, APGIL, GRGAL, KNF1L, LNR1L, LNA1L, LGD1L,
5 ANV PTRIL, PZV1L, RSU1L, SABIL, TEO1L, VLP1L, VBLAL,
(Lithuania) ZMPIL
s NASDAQTalinn Esto-  ARCIT, MRK1T, TVEAT, BLT1T, EEGIT, HAETT, NCN1T,
nia) OEG1T, PRF1T, SFGAT, TAL1T, TKMAT

7 NASDAQ Riga (Latvia) GRD1R, BAL1R, GZE1R, LSC1R, OLF1R, SAF1R, VSS1R

Note: The companies are presented in an alphabetical order according to the company’s full name.

3. Some Empirical Results of Commonality in Liquidity on the
CEE Stock Markets

In the first step, we detected with the ADF-GLS test (Elliott et al., 1996)
or ADF test (Dickey and Fuller, 1981) whether the analysed daily time series
are stationary. Using daily data, we utilized a maximum lag equal to five and
then removed lags until the last one was statistically significant (Adkins,
2014). We proved that the unit-root hypothesis can be rejected at the 5% sig-
nificance level for all time series used in the study.

In order to reduce the effects of possibly spurious outliers, we ‘winsorized’
the data by using the 1st and 99th percentiles for each time series, e.g.
(Korajczyk and Sadka, 2008; Kamara et al., 2008).

In the next step, we employed the OLS method with the HAC covariance
matrix estimator to estimate the parameters of the model (1). In total, 75 mod-
els for seven stock markets were estimated, comprising 10 models for the PSE,
18 models for the BSE, 3 models for the BSSE, 10 models for the LJSE, 15
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for the NASDAQ Vilnius, 12 for the NASDAQ Tallinn, and 7 for the
NASDAQ Riga.

Table 4a. Testing for market-wide commonality in liquidity on four CEE stock mar-
kets (the PSE, BSE, BSSE, and LJSE) in the whole sample period from Jan-
uary 2, 2012 to December 30, 2016

PSE BSE BSSE LJSE
(10 models) (18 models) (3 models) (10 models)
QO w» — QL %) Qw %) QL %)
=% 53 2% 5§ 2§ 3§ 2§ &8
NE <IE 9NE L NE IE NE IE
oo O~ p¥ 9y BHw Y90 e ©o
Intercept ; All Al Al Al Al - Al -
significant
Mean 2424 2333 3.843 5.310
Median 2129 1.604 1.287 5.059
Concurrent 3;
Mean 0.043 -0.002 0.0002 0.023
Median 0.011 -0.002 0.0002 0.028
positive significant 2/9 01 0/14 0/4 0/3 - 0/10 -
positive insignificant 3/9 01 5/14 0/4 313 - 7710 -
negative significant 2/9 01 3/14 1/4 0/3 - 1110 -
negative insignificant 2/9 1N 6/14 3/4 0/3 - 2/10 -
Lag Bi-1
Mean -0.007 -0.002 0.0001 -0.005
Median -0.020 -0.002 0 0.001
positive significant 0/9 01 114 0/4 0/3 - 0/10 -
positive insignificant 4/9 01 114 3/4 113 - 5/10 -
negative significant 2/9 01 6/14 0/4 113 - 2/10 -
negative insignificant ~ 3/9 1N 6/14 1/4 13 - 3/10 -
Lead f, 1,
Mean -0.019 0.002 -0.0004 -0.001
Median -0.032 -0.001 -0.0003 -0.016
positive significant 0/9 17 114 0/4 0/3 - 0/10 -
positive insignificant 2/9 01 6/14 1/4 113 - 4/10 -
negative significant 2/9 01 4114 1/4 113 - 4/10 -
negative insignificant 5/9 0N 314 2/4 13 - 2/10 -

Note: Notation like in Table 1.

For each stock, daily proportional changes in individual stock liquidity
variables were regressed in time-series on the changes of an equally weighted
cross-sectional average of the liquidity variable for all stocks in the sample,
excluding the dependent variable stock. Empirical results revealed that the
OLS-HAC method turned out to be appropriate for the estimation of model
(1) in the case of all companies from the BSSE, LISE, and NASDAQ Riga
exchanges. In other cases, the GARCH(p, ¢), p, ¢ = 1, 2, models (3) were
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estimated. The number of lags p, g was selected on the basis of the AIC and
SC information criteria.

The summarized cross-sectional estimation results of the models (1) and
(3) are presented in Tables 4a—4b. These tables report basic statistics and the
proportion of positive significant, positive insignificant, negative significant,
and negative insignificant coefficients (at 10% significance level), for each
stock market, separately. The empirical findings are worth comments. The re-
gressions provide weak evidence of commonality in liquidity on the investi-
gated markets because positive and statistically significant coefficients are
scarce or not present at all. For example, positive and statistically significant
concurrent coefficients constitute 2/10 (PSE), 0/18 (BSE), 0/3 (BSSE), 0/10
(LJSE), 0/15 (NASDAQ Vilnius), 0/12 (NASDAQ Tallinn), and 0/7
(NASDAQ Riga), respectively. The evidence concerning lag and lead coefti-
cients is very similar.

Moreover, the proportions of negative and statistically significant concur-
rent, lag, and lead coefficients are even greater for all markets, which informs
about liquidity co-movements in the opposite direction.

Conclusion

The main goal of this paper was to explore the existence of commonality
in liquidity patterns on seven small CEE emerging stock markets in the Czech
Republic, Hungary, Slovakia, Slovenia, Lithuania, Estonia, and Latvia, in the
context of serious problems with stock liquidity. Due to the non-trading effect,
the data was filtered out, and the reduction of the number of companies on the
investigated markets was crucial. The reduction was tremendously high for
the BSSE-traded companies. The total number of stocks on the BSSE was
equal to 71, while only 3 out of them were contained in the database. The most
liquid BSSE-company (VUB) exhibited 295 non-traded days during the whole
sample period, which constituted about 24% of all trading days.

The sample covered a period from January 2, 2012 to December 30, 2016.
A modified version of the Amihud (2002) measure was used as daily liquidity
proxy for stocks. We followed the research design of Chordia et al. (2000),
but we employed the OLS method with the HAC covariance matrix estimation
and the GARCH-type models to infer the patterns of intra-market commonal-
ity in liquidity on the CEE stock markets. According to the literature, positive
and statistically significant slope coefficients in the estimated models are es-
pecially desired, as they indicate intra-market co-movements in liquidity in
the same direction, and therefore confirm commonality in liquidity.
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Table 4b. Testing for market-wide commonality in liquidity on three CEE stock mar-
kets (the NASDAQ-OMX Group) in the whole sample period from January
2, 2012 to December 30, 2016

NASDAQ Vilnius NASDAQ Tallinn NASDAQ Riga
(15 models) (12 models) (7 models)
[& 2] — QL — QO w (%)
2 g% 3§ g% Iz g%
o E < £ o) E < £ 2B < £
oY O - o O - o~ O o
Intercept a; Al Al Al Al Al -
significant
Mean 1.334 2.078 2.332
Median 0.996 2.001 2.029
Concurrent 8;

Mean 0.003 0.009 0.009
Median 0.003 0.006 0.001
positive significant 0/14 01 0/11 01 0/7 -
positive insignificant 9/14 gl 6/11 gl 417 -
negative significant 114 01 211 01 17 -
negative insignificant 414 01 3N 01 27 -

Lag Bi—1
Mean -0.007 -0.012 -0.006
Median -0.009 -0.011 -0.007
positive significant 0/14 01 0/11 01 0/7 -
positive insignificant 314 01 21 01 37 -
negative significant 5114 01 511 01 27 -
negative insignificant 6/14 1N 411 1N 27 -
Lead ;41
Mean 0.000 -0.012 -0.010
Median 0.004 -0.009 -0.015
positive significant 0/14 01 011 01 0/7 -
positive insignificant 9/14 01 111 01 27 -
negative significant 2114 01 3M 01 17 -
negative insignificant 314 1N 7 1N 47 -

Note: Notation like in Table 1.

In general, our estimation results do not support the existence of common-
ality in liquidity effects on all investigated markets, because positive and sta-
tistically significant coefficients are scarce or not present at all. The results are
consistent with the literature regarding other emerging small markets in the
world.

A possible direction for further investigation could be to study market-
wide co-movements in liquidity on the CEE stock exchanges by utilizing dif-
ferent daily liquidity proxy. Moreover, another possible direction could be to
identify components of liquidity on the CEE stock markets by using methods
based on principal component analysis.
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Wptyw problem braku transakcji na badanie wspolnosci w ptynnosci
na matych rynkach gietdowych

Zarys tre$ci. Artykul przedstawia badanie wspolnosci w ptynnosci na siedmiu matych
gietdach Europy Srodkowo-Wschodniej w kontekécie problemu braku transakcji, czyli bardzo
duzej liczby dni z zerowym wolumenem. Przeprowadzono konieczna redukcje nieptynnych
spotek na badanych rynkach, co spowodowato znaczny spadek liczby firm uczestniczacych
w badaniu. Jako estymator dziennej ptynnosci zastosowano zmodyfikowana miar¢ Amihuda.
W celu identyfikacji wzorcow w ptynnosci wykorzystano modele OLS-HAC oraz GARCH.
Nie stwierdzono efektu wspdlno$ci w ptynnosci na zadnym z badanych rynkow gietdowych.

Stowa kluczowe: Europa Srodkowo-Wschodnia; wspdlno$é w plynnoéci; GARCH;
HAC; problem braku transakcji.
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